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Abstract

:

We describe how recent EU regulation affects demand response (DR) and highlight some of the remaining regulatory challenges from a legal and economic viewpoint. With the Clean Energy Package (CEP), the EU has opted for a fully market-based, consumer-centered approach for DR. The development of business models and products is left to a large extent to market forces. However, to enable the efficient development of those DR markets, network regulation has to adapt. (1) Network tariffs have to become more cost-reflective to provide correct incentives to market participants. The capacity tariffs have to increase, net-metering should be abolished, and optional tariff components for providing flexibility may need to be considered. (2) The regulation for distribution system operators (DSOs) may need to be fine-tuned to reflect their new roles. We present three scenarios: (a) a horizontal merger of unbundled DSOs under incentive regulation, (b) a DSO as a subsidiary of an integrated utility under cost plus regulation, (c) a transfer of some activities from DSO to TSO.
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1. Introduction


Effective demand response (DR) can play an important role in future electricity markets (see [1] for a review). More elastic demand can limit the size of price spikes, reduce the need for investments in network and generation capacity as shown by a number of prospective simulation models. For instance, using a two-stage unit-commitment model calibrated to the Belgian market [2] shows that DR lowers costs, increases reliability, and lowers emissions. Reference [3] estimates that the monetary benefits of DR in the form of demand shifting for the Midcontinent Independent System Operator (MISO) are between $1 million and $17 million. For the EU27 system, ref. [4] simulates a capacity expansion model for the year 2050 with and without DR. It is estimated that DR increases investments in the low-voltage grid with €800 billion but leads to a reduction of €6200 billion in generation capital and operating costs. Adjusting a standard expansion program with own-price and cross-price demand elasticities and calibrating for the Danish electricity market, ref. [5] shows that DR reduces the weighted average electricity price. The previous papers all used a bottom-up model for the electricity market. Using a computational general equilibrium model (CGE) calibrated for Spain, ref. [6] shows that DR increases household welfare but lowers GDP as producers are hurt by a reduction in demand. Reviewing existing studies [7] the US Department of Energy concluded that the estimated benefits of demand response vary considerably and differences are driven mainly by analysis methods, assumptions regarding customer participation, and market characteristics. In a Stackelberg model with retailers and consumers, ref. [8] shows that how consumers and retailers share the additional surplus created by DR will depend on the strategic setting. More elastic demand can also limit the size of price spikes, eliminate the exercise of market power, and provide ancillary services. Reference [9] models the Italian wholesale electricity market as an oligopoly market and quantifies the effect of two DR programs, while [10] shows that DR can significantly reduce the cost of reserve provisions using a simulation model for the German power market.



A number of technological developments and the further decarbonization of the energy system have increased the scope for DR. With the emergence of electric vehicles and heat pumps, households can become providers of flexibility. Using a unit commitment model representing the Illinois power system in 2020, ref. [11] shows that managing the charging of plug-in hybrid electric vehicles (PHEV) in a DR program can significantly reduce the total operating cost of the electricity system. A similar study for NYSIO [12] shows that controlled charging will reduce the cost of the integration of PHEVs, especially if there is a lot of intermittent wind generation. Reference [13] assesses the impact of DR by residential heat pumps on operational costs and emissions under different tariffication schemes. In the best case scenario, with optimal coordination, operational cost reduction between 0.9% and 5.5% can be achieved, but simple price signals might be insufficient. For the Danish system with a wind power penetration above 25%, ref. [14] shows that heat pumps with intermediate thermal storage are more cost-effective than electric boilers because they can offset intermittency generated by wind power.



At the system level, traditional large-scale fossil plants are being phased out and replaced by intermittent renewable generation. In the long run, this increases price volatility and the value of flexibility and DR. However, small amounts of photovoltaics (PVs) might reduce price volatility. Using a GARCH model and a GARCH-in-mean model respectively for German electricity prices [15,16] show that average prices decreased, but volatility increased with larger penetration of intermittent wind energy. Those results may depend on the specific merit order of conventional power plants in Germany and the time frame over which volatility is measured. Reference [17] compares the effect of wind power on Danish and German prices. Weekly volatility increases with wind energy in Germany and Denmark, but daily volatility decreases in Denmark, while it increases in Germany. For Italy, estimates of quantile regression models [18] show that both wind power and PV increased volatility although large price spikes were reduced. The results for PV are however less robust.



Energy flows at the distribution level have become less predictable and bottlenecks arise. Managing congestion at the distribution grid requires local coordination. Reference [19] derives distributional locational marginal pricing (DLMP) to deal with congestion management in distribution networks, and applies it two case-studies: the high penetration of electric vehicles (EVs) and heat pumps (HPs). Reference [20] proposes a price-based coordination mechanism between fleet owner of EVs and the DSO to manage congestion on the distribution network. Reference [21] discusses the functioning of a flexibility clearing house (FLECH) for managing congestion on the Danish DSOs. The goal of this market is to reduce feeder overload and feeder voltage problems, by procuring flexibility from DERs.



Although promising, DR has not developed as foreseen in the International Energy Agency’s (IEA) Sustainable Development Scenario (SDS), as current growth rates are 10 times smaller than predicted [22]. Moreover, field experiments and empirical analysis show that DR programs can increase demand elasticities but few of those experiments have outgrown demonstration phases. Ref. [23] reviews several programs of DR worldwide, and shows that many projects remain small scale, are currently limited commercially viable and might be hard to scale up. Several studies show that consumers are price-sensitive, but those studies often focus on specific interventions that are not necessarily part of a DR program. Reference [24] represents the results of a dynamic pricing experiment for households in the District of Columbia, and shows that the dynamic pricing programs provide stable, predictable, and sizable demand reductions. Using a natural experiment [25] estimates that consumers adjust demand to their average price and not the marginal price, and finds medium long-run price elasticities of −0.08 for California. For Germany [26] estimates demand elasticities of −0.52, using an instrumental value approach. Demand elasticity is larger for informed consumers.



The IEA identifies regulatory barriers in Europe as a reason for the slow development of DR [22]. A good regulatory framework is a prerequisite for the efficient development of the DR. In this paper, we discuss the specific provisions in the EU Clean Energy Package (CEP) that affect DR, most notably the provisions regarding market access for consumers. We then look at the need for improving network tariffs and the incentives for DSOs. This regulatory framework is a building block for the efficient development of DR.



The success of DR will further depend on the development of accessible marketplaces for energy and flexibility, and innovative business models that engage consumers. Reference [27] reviews the literature on the structure and the challenges of future retail electricity markets, and highlights the role of different market actors, how such markets could be organized and simulated numerically. Reference [28] extensively reviews demand-side business models for energy efficiency and DR and identifies values related to ancillary services (frequency, interruptible load, operating reserve), capacity markets, and direct participation in the wholesale market. It also considers synergies with the generation, transmission, distribution, and retail segments. Reference [29] compares the possible market design options for developing demand response, using a simulation model calibrated to the French power system. Its main focus is whether the current market design permits the merchant development of demand response and smart metering, and concludes that the capacity market is the solution that fits the requirements of the DR operator. Reference [30] presents a new market concept, the DR exchange in which market operators, TSOs, DSOs and retailers participate. Reference [31] reviews 55 studies on DR with residential consumers and summarizes the drivers for different levels of engagements. Financial motivations, trust, perceived risk, and complexity were seen as major factors. Socio-demographic elements only have mixed effects.



The European Commission (EC) recognizes the importance of end-users and energy communities in future energy markets and the regulatory barriers that preclude the development of DR. Therefore, as part of the CEP, the EC decided to overhaul the existing market design. Our first contribution (Section 2) is to highlight the regulatory conditions for DR within the European context. The examination of the CEP shows that the EC has resolutely chosen for a fully market-based approach: it gives far-reaching market access rights to consumers, allows for new market participants (independent aggregators, and energy communities), and introduces real-time energy prices for end-users. All organized electricity markets (capacity, forward, day-ahead, intra-day, balancing, ancillary services) will have to be adapted for those access requirements.



The European Commission also recognizes the important role that the DSOs will play in this process. The second contribution of the paper is to discuss the regulatory boundary conditions for the DSO. For DR to function effectively, tariff structures need to be designed such that they do not distort incentives. Section 3 highlights possible improvements of network tariffs.



In the past, DSOs were mainly responsible for investing and maintaining their distribution network. In the new market design, they will play a more important role as a buyer of local flexibility services, as a market maker for local energy markets and as an interlocutor with the Transmission System Operator (TSO) for system-wide ancillary services. Section 4 discusses how the DSOs, or other market actors, can be incentivized to take up this role. A straightforward implementation of cost-plus regulation might be insufficient.




2. The Clean Energy Package—Demand Response


European energy markets have been liberalized since the second half of the 1990s [32,33]. European Regulations and Directives provide the regulatory framework for the internal energy market, which are then implemented by the Member States. They have been revised regularly, and the EC has just finished its third overhaul, the ‘Clean Energy for all Europeans’ package also known as the Clean Energy Package (CEP). In this section, we discuss how EU regulation affects energy consumers, and highlight some recent developments.



2.1. From Passive Consumers


The focus of the first three energy packages (1996–2009) was on founding the internal energy market: the introduction of competition for generation and supply, ensuring non-discriminatory access to distribution and transmission networks, improving cross-border trade, and establishing a governance structure (e.g., national and international regulators). The position of small energy consumers—households and small and medium-sized enterprises—has only gradually received attention. Where earlier regulations focused on consumers as rather passive agents requiring protection, newer iterations view consumers more as active market participants.



Consumers were still assumed to be rather passive in the Second Electricity Directive (2003/54/EC), which obliges the Member States to take measures regarding customer protection and public service obligations. It also allowed Member States to introduce measures for Demand-Side Management (DSM). The original goal of DSM was to improve energy efficiency on the demand side, thereby reducing the need for additional investments in production or networks. DSM already existed in the pre-liberalization period as a requirement for the regulated vertically integrated utilities. With the liberalization, those responsibilities could be given to the regulated and partially unbundles DSOs. It was defined (Art. 2.29) as a global or integrated approach aimed at influencing “the amount and timing of electricity consumption, to reduce primary energy consumption and peak loads by giving precedence to energy efficiency, or other measures”. The system operators are well placed to trade-off network investment and the cost of DSM projects. Moreover, as they are typically not selling energy products, the implementation of DSM measures by system operators does not distort competition. However, DSM only provides limited incentives for innovation of business models by suppliers.



In the recast Electricity Directive, DSM is no longer mentioned. Instead, the focus has fully shifted towards DR, and end-consumers are placed central to the discussion.



Although DSM is no longer seen as a tool to provide demand flexibility, the Energy Efficiency Directive [34] allows member states to impose Energy Efficiency Obligations (EEOs) on energy distributors and retail energy sales companies. The EEOs focus on overall energy efficiency, but not on flexibility. In 2015, five countries used such schemes: Denmark, France, Italy, Poland and UK [35].




2.2. To Responsive Market Participants


Since the Energy Efficiency Directive (2012) (Art. 15), energy consumers have been treated as active participants, whose role has been further developed by the CEP [34]. The CEP consists of a new energy rulebook which consists of four Directives and four Regulations. The most relevant for DR are the following:




	(1)

	
The amending Directive on Energy Efficiency (2018) [36]




	(2)

	
The new Electricity Regulation (2019) [37]




	(3)

	
The amending Directive on Electricity (2019) [38]









The CEP brings forth an updated market design for electricity markets and introduces new measures regarding dynamic pricing, the market access of DR, the role of aggregators and energy communities, and the regulation of TSOs and DSOs.



Central to this development is the promotion of DR. It is defined in the recast Electricity Directive (Art. 2.20) as, “the change of electricity load by final customers from their normal or current consumption patterns in response to market signals, including in response to time-variable electricity prices or incentive payments, or in response to the acceptance of the final customer’s bid to sell demand reduction or increase at a price in an organised market […] whether alone or through aggregation”.



Important in this definition is that consumers react to market signals and that their response reflects short term deviations from normal consumption levels. The definition distinguishes implicit DR, where consumers observe prices and adjust their demand accordingly, and explicit DR, where consumers—possibly through intermediaries—bid into organized markets and participate directly in the price formation process.



This definition of DR is much more precise and foresees a much larger role the final consumer than the 2012 version of the Energy Efficiency Directive [34] which defined it as “a mechanism to reduce or shift consumption to improve energy efficiency.”




2.3. Implicit DR: Correct Prices


The first set of measures aims at increasing implicit DR. To implement this, consumers should be faced with dynamic prices, namely time-varying energy prices and transmission tariffs that reflect market scarcity, and smart metering systems that continuously measure energy consumption by individual consumers.



Annex XI of the 2012 Energy Efficiency Directive [34] states that network or retail tariffs may support dynamic pricing for DR measures by final customers, time-of-use tariffs, critical peak pricing, real-time pricing, and peak time rebates. The recast Electricity Directive [38] requires that the national regulatory frameworks enable suppliers to offer dynamic electricity price contracts and that the Member States ensure that final customers with smart meters installed can request to conclude a dynamic electricity price contract. The Directive [38] defines dynamic electricity price contracts in article 2.15 as “an electricity supply contract between a supplier and a final customer that reflects the price variation in the spot markets, including in the day-ahead and intraday markets, at intervals at least equal to the market settlement frequency”.



Article 19 of the recast Electricity Directive [38] requires Member States (or national regulatory authorities) to strongly recommend “electricity undertakings and other market participants to optimize the use of electricity, inter alia, by providing energy management services, developing innovative pricing formulas, and introducing smart metering systems that are interoperable, in particular with consumer energy management systems and with smart grids […].” Member States are required to ensure the implementation of smart metering systems that assist in customer participation in their territories, possibly subject to a cost-benefit assessment. A cost-benefit assessment should be revaluated at least every four years (preamble, 53).




2.4. Explicit DR: Consumer Access


The second set of measures focuses on explicit DR, where consumers and small businesses can directly participate in energy markets. The principle of market access of consumers through aggregation, or individually, was established in the 2012 Energy Efficiency Directive [34]. Article 15.8 required Member States to encourage demand-side resources (DSR) to participate alongside supply in wholesale and retail markets, and to ensure that TSOs and DSOs treat DR providers, including aggregators, without discrimination on the basis of their technical capabilities.



However, member states were slow operationalizing market access for demand-side resources. Regulatory barriers (measurement, verification, and payment schemes) remained and hampered growth [39,40]. Specific support measures were therefore introduced by the new Electricity Directive [38], which define the roles of aggregators and energy communities.



Note that consumers can participate in all organized energy markets as defined in [41]. It covers any system in which multiple third-parties buying and selling interests in energy products are able to interact in a way that results in a contract. So, this includes not only the day-ahead and the balancing markets but also the ancillary services markets and capacity markets, unless technical limitations prevent it. Organized energy markets also include all derivatives products (forward and option markets) and contracts offered by independent brokers.




2.5. Explicit DR through Aggregation


In article 2.18, the Electricity Directive [38] defines aggregation as “a function performed by a natural or legal person who combines multiple customer loads or generated electricity for sale, purchase or auction in any electricity market”, while article 2.19 defines an independent aggregator as “a market participant engaged in aggregation who is not affiliated to the customer’s supplier”. Member States are required to ensure that in producing ancillary services, TSOs and DSOs treat market participants engaged in the aggregation of DR in a non-discriminatory manner alongside producers on the basis of their technical capabilities.



Importantly, member states are required to provide aggregators with the right to enter electricity markets without consent from other market participants, to have non-discriminatory, transparent rules that assign roles and responsibilities to all electricity undertakings and customers, to make rules about data-exchange between market participants and finally, to establish a conflict resolution mechanism between market participants.



The Directive foresees that aggregators may be required to pay financial compensation to other market participants (e.g., retailers), or to the market participants’ balance responsible parties, directly affected by DR activation. However, the compensation is not allowed to limit market entry or flexibility and is thus limited in article 17(4) of the Directive. This is an important requirement as aggregators may, depending on the market design, impose negative externalities on suppliers. For example, aggregators may “cherry-pick” consumers with demand profiles which are more favorable than the profiles of the average consumer [42,43].



Market participants engaged in aggregation will be financially responsible for the imbalances they cause in the electricity system (17.3(d)). However, there is also a requirement for a “provision for final customers who have a contract with independent aggregators not to be subject to undue payments, penalties or other undue contractual restrictions by their suppliers;” in art. 17.3(e).



Similar requirements to facilitate aggregation of distributed demand and supply are put forward in the Electricity Regulation [37]: it states in its principles (article 3(e)) that consumers’ and small enterprises’ market participation must be enabled by aggregation of generation or consumption. The same Regulation’s article 6.1 indicates that all market participants should have access to balancing markets, either individually or through aggregation.




2.6. Explcit DR and Energy Communities


The recast Electricity Directive defines ‘citizen energy communities ’(CEC) in article 2.11 as a legal entity based on open, voluntary participation and controlled by members or shareholders who are natural persons or local authorities. A CEC’s primary purpose is providing environmental, economic, or social benefits to the members or shareholders of the community or to the local area where it operates. This community may engage in generation. Member states may grant CECs the right to manage distribution networks in their area of operation and establish the relevant procedures. (Art. 16.4).



Article 16.3 of the Directive obliges the Member States to ensure that CECs can access all electricity markets, are treated in a non-discriminatory manner, are financially responsible for the imbalances they cause in the electricity system, and that they are treated like active customers in accordance with article 15.2(e). According to article 16 of the Directive, Member States are required to set a legal framework that ensures that participation in these CECs is voluntary, protects the shareholders’ rights, and ensures that shareholders, or members, are allowed to leave such a community.



If a CEC manages a distribution network, then it is entitled to make agreements with the relevant DSO or TSO to which its network is connected. The community then has to pay appropriate network charges at the connection points between their network and the distribution network outside the community. It is upon the Member States to determine how those network charges will be determined in practice. The same article (16.4(c)) requires that customers connected to the distribution network operated by a community shall not be harmed or discriminated against.



Hence, CECs could in some member states (partially) fulfill the roles of DSOs (operate a local network) and suppliers. In order to become a CEC, the community needs to be controlled by natural persons or local authorities. It does not necessarily have to participate in distributed generation, and it can generate environmental, economic, or social benefits to the community or the area in which it operates. Note that there are no explicit requirements for members to be physically close to each other—however, the scope of the community has to be local. For-profit communities are not strictly ruled out and neither are private companies with minority shareholders in the community. Although communities are allowed to manage the distribution network, network ownership is not explicitly covered under the definition.



The Renewable Energy Directive [36] Art 2(16) defines a slightly narrower concept: a ‘renewable energy community’ (REC). As the CECs it is a legal entity with open and voluntary cooperation, effectively controlled by members or shareholders (natural persons, SMEs, or local authorities) and which whose primary purpose is not financial profits but rather environmental, economic, or social community benefits. RECs have to be located in the proximity of the renewable energy projects that are owned are developed by the legal entity, and the renewable energy community can produce, consume, store and sell renewable energy, share renewable energy within the community, and access all suitable markets.




2.7. Increased Role of DSOs


The CEP also adopts regulation in recognition of the larger role that DSOs are expected to play in the future. The recast Electricity Directive affirms the larger set of tasks of DSOs in chapter IV. Article 32 of the Directive obliges the Member States to provide the legal framework required to allow and incentivize DSOs to procure services in order to improve efficiency in the distribution system. The same article requires regulatory frameworks in the Member States to enable DSOs to procure services from resources such as DR in transparent, non-discriminatory manners. DSOs are required to define standardized market products of the services acquired in ensuring effective participation of all market participants, including DR. Distribution system operators shall cooperate with TSOs for the effective participation of market participants connected to their grid in retail, wholesale, and balancing markets according to article 31.9.



According to the preface of the Regulation, DSOs may require regulatory safeguards to ensure neutrality in their functions, since they may often be vertically integrated companies that are also involved in the supply or other services. The Regulation states that the EU DSO is needed to improve the efficiency of the electricity distribution networks within the EU and to ensure cooperation with TSOs and the European Network of Transmission Systems Operators (ENTSO) for Electricity.



Article 57 of the Electricity Regulation requires DSOs and TSOs to cooperate in planning and operating their networks, in particular exchanging information and data, and they must cooperate to achieve coordinated access to resources such as DR. Article 28 of the same regulation requires TSOs to cooperate through ENTSO for Electricity at Union level. Article 30 obliges TSOs to establish regional cooperation within the ENTSO for Electricity and specifies that the regional coordination centers shall complement the role of TSOs.



According to article 52 of the new Electricity Regulation, DSOs shall cooperate through a European Entity for DSOs—“EU DSO entity”—in order to promote the completion and functioning of the internal market in electricity and optimal management and coordinated cooperation of DSOs and TSOs. DSOs who wish to participate shall become registered members of the entity. Article 55 describes the rather extensive tasks of the EU DSO which vary from coordinating operation and planning of transmission and distribution networks, facilitation of integration of renewable energy resources and distributed generation and direct and indirect DR, to the digitalization of distribution networks (smart grids and smart meters), cybersecurity and data management.





3. Network Services Tariffs


In the next two sections we study how regulation of distribution networks might affect the development of DR. We start with the network services tariff and look then, in Section 4, at the incentive regulation of network operators.



Network operators are regulated monopolies that recoup their costs by charging network users. In the past, tariffs for residential customers consisted mainly of a flat energy charge proportional to the volume taken from the network (€/KWh) and a small connection charge (€/connection). The EC [44] indicates that in Europe the energy component is 69% of the final network bill. It is broadly recognized that the current tariff structure may not be optimal in a smart energy system and that tariffs should become more directly linked to costs. One suggestion is that the size of the energy volume component needs to be reduced and that the capacity component (€/KW) should become more important. CEER [45] reports: “Both the European literature review and the answers to the EC public consultation on Energy Market Design (question 15) indicate a general support for a move towards capacity-based charging, with the option of a hybrid of capacity and consumption based charging to incentivise a change in consumer behaviour.” See also [44,46].



However, more advanced tariff structures have become feasible in a smart electricity network: tariffs can become dependent on time and location and can change in response to local network congestion. In the next subsection we highlight some of the trade-offs in setting tariffs and derive some recommendations.



3.1. Tariff Principles


The determination of network tariffs typically involves a trade-off between objectives. Tariffs should among other things:




	
Lead to economic efficiency: Prosumers have the right incentives to invest in and operate DER. Hence efficiency includes both static and dynamic efficiency.



	
Satisfy the budget constraints of the network operator and provide it with a stable income.



	
Be equitable and fair. This could mean that the largest shoulders bare the largest costs, that network users do not receive undue cross-subsidies, that the risks and benefits are well shared between the network operators and network users, or that consumers in similar situations are treated similarly.



	
Be practically and politically implementable and not too complicated to administer.








Other (and longer) lists with more subtle variations of different criteria can be made, but we believe that this list represents some of the main trade-offs [44,47,48].



Those objectives are often conflicting. For instance, economic efficiency requires that network services be priced at marginal costs. However, network operators are natural monopolies: the average cost of providing network services decreases with the amount of energy distributed. Hence under marginal cost pricing, the network operator will incur losses. This violates the second condition of satisfying the budget constraint.



Marginal cost pricing in its most orthodox implementation following peak load pricing principles [49,50] implies different prices for each location and each moment in time and prices that vary minute to minute according to the level of local congestion. This requires real-time meters to be present, which is not yet the case in all Member States. It may also lead to different prices for households that are connected to different feeder lines, even if they are located in the same city. This could be seen as unequal treatment, and therefore unfair. It is also unclear whether such an extremely granular tariff structure will provide meaningful economic incentives and satisfy the budget constraint. Different fairness criteria may conflict as well. Protecting vulnerable consumers might require cross-subsidies between consumer groups, which leads to inefficient pricing.



Pollitt looks at four different pricing principles (cost-reflective pricing, traditional public service pricing, platform market pricing, and customer-focused business model pricing) and highlights how they all reflect different objectives and trade-offs [48]. It is therefore unlikely that a one-size-fits-all approach will work for the EU.




3.2. Existing Rationale for a Volume-Based Tarrif


The rationale for the historical tariff system, where tariffs are mainly based on the volume of energy consumption, was that it provided a good balance between fairness, efficiency, and feasibility. Efficiency requires that prices correspond to the marginal cost of energy services. Lacking smart meters, short-run marginal costs were hard to obtain, so long-term marginal costs were used. Those long-term marginal costs depend on the additional investment required to cope with growing peak demand. Hence, ideally, peak demand (i.e., the capacity demanded by a household precisely at moments with the highest aggregate network flows) should be priced. A capacity tariff (€/kW) would achieve this goal. As load profiles for residential consumers used to be very similar, charging consumers based on electricity volume was a good enough proxy for the peak capacity requested by each consumer. Pricing at marginal costs would break the budget constraint of the network operator, and some remaining unrecovered costs would still need to be paid for by consumers. This was done by increasing the tariff above the long-term marginal cost. By setting a mark-up on a volume-based tariff, richer consumers with larger consumption would pay a greater share of the unrecovered costs, hence the broadest shoulders would carry the largest load. Given that consumption was very inelastic, efficiency losses associated with setting this mark-up were small and were not considered.



Under this traditional pricing scheme, production by small DER would often be accounted for as “negative load”. That means that it would be subtracted from total consumption. Lowering the net electricity consumption would lower the retail and distribution bill of households with DER. Under this system, households receive implicit compensation for decentralized production that is equal to the sum of their energy retail price and distribution tariff. This principle, sometimes also called “net metering”, is relatively simple to administer and provides additional incentives for self-production, which was seen as a bonus.




3.3. Current Tariff Becomes Unsustainable


A tariff system based on energy volume is, however, not future proof. With the development of DERs, those tariffs need to be adjusted for several reasons.



Demand profiles of consumers are no longer similar to the introduction of new technologies such as electric vehicles, local battery storage, and heat pumps [51,52]. The total energy consumption is therefore no longer a good measure for network costs that consumers impose on the network. This will typically lead to inefficiencies and could lead to cross-subsidization, which is especially harmful should it occur from poor to rich households.



In a case study for the Australian market, NERA [53] compares the marginal network cost caused by households with air-conditioning to the network tariffs they pay. They show that the marginal costs are 2.4 times higher. The reason is that air conditioning has a direct impact on the system’s capacity needs because its use is contemporaneous with aggregate peak demand. This implies that consumers with air-conditioning pay less than their marginal cost, and that they are cross-subsidized by consumers without it. Hence, the tariff is inefficient and places a burden on consumers that are likely to be poorer.



A similar argument exists against distributed generation in combination with net-metering [54]. Net metering assumes implicitly that the avoided network costs for distributed generation are equal to the marginal network cost for additional consumption. This is often not the case. Distributed generation may reduce energy losses in the network but it requires additional investment in smart systems to facilitate integration. Moreover, network capacity might not be reduced one for one, as peak demand still needs to be met by the grid at times with little decentralized production. Hence net-metering is inefficient. It also implies a cross-subsidy of households with distributed energy sources by those without them. The latter are often vulnerable households without sufficient finances to invest in decentralized generation, or without property to build upon. A combination of net metering along with a high penetration of distributed generation may lead to a volatile income stream for the network operator.



The supply and demand of DER are expected to become more elastic, both in the short run (operational decisions) and in the long run (investments in new equipment). This implies a higher demand elasticity for network usage. As demand becomes more elastic, setting tariffs above the marginal network usage cost will create larger efficiency losses, as illustrated in Figure 1. Hence it becomes vital to link tariffs to the correct marginal network costs, and to consider less distortive options than a tariff mark-up to cover the investment cost.



As tariffs are typically multi-part, aligning network tariffs with marginal network costs is not as straightforward as presented in Figure 1, which represents tariffs as a single one-dimensional number. The optimal multi-dimensional tariff structure will depend on own and cross-price demand elasticities of network usage to the different tariff components and will typically require numerical simulations for in-depth analysis. Brown and Faruqui discuss the different options for cost recovery in more detail [55].




3.4. Alternative Tariffs Structures


Assuming that demand response implementation will lead to higher demand and supply elasticities, grid tariffs need to become more closely aligned to the marginal network costs to improve efficiency.



Given that the network is a natural monopoly, setting tariffs equal to marginal cost will not cover the full cost of the network operator. Mark-ups will have to be set-upon the part of the demand that is the least elastic. This is likely to involve connection charges (€/connection) or additional capacity charges (€/kW).



A first improvement is to increase the capacity tariff (€/kW) while reducing the volume tariff (€/kWh). This is beneficial as marginal costs are more closely determined by capacity needs and less so by energy volume.



Schittekatte et al. model the consumer decisions in response to different tariff structures and show that a capacity charge (which does not differentiate between consumption and production) might lead to overinvestment in storage facilities by households [56]. By building storage they can lower their capacity needs and reduce their contribution to the fixed network costs. Those costs then have to be paid for by other network users. This cost-shifting provides a perverse investment incentive.



To prevent cost-shifting, net-metering is gradually being phased out in Europe, with separate tariffs being recommended for consumption and generation. In their white paper on regulation, ACER and CEER [57], state: “European Energy Regulators recommend that, in Article 15 of the Electricity Directive, the reference to, “cost reflective, transparent and non-discriminatory network charges, accounting separately for the electricity fed into the grid and the electricity consumed from the grid” for prosumers be further developed to exclude the possibility of net metering.”



Having separate consumption and generation tariffs also provides the network operator with more regulatory instruments to cover its network costs, which is more efficient [54].



In 2005, The Netherlands switched to a system where low-voltage consumers only pay a monthly connection charge. Those connection charges hold for all connections below a certain current draw (Ampere) and do not depend on actual consumption or production and therefore do not influence the production or consumption decision of prosumers. They also do not distort investment decisions, as there is no capacity tariff.




3.5. Smart Meters and Dynamic Tarrifs


Smart meters and smart grids allow for a richer tariff structure than was possible in the past and have lowered the cost of more innovative tariff designs. Direct information provision to customers and the automation of operational decisions in expert systems (e.g., smart thermostats) make these richer tariff structures more palpable for end-users.



The availability of smart meters allows setting tariffs on the basis of short-run marginal costs. This will be effective in alleviating congestion by reducing or time-shifting demand and or supply. This could be achieved by locational marginal prices (LMP) at the distribution level. LMPs are typically used at the transmission level, but not at the distribution level. Technological progress in communication and optimization software might make this technically feasible in the future at the distribution level [58,59]. However, it remains unclear at which voltage level this should be organized and whether LMPs would provide useful economic signals. We could imagine a CEC which owns an integrated network with local electricity storage and flexible DER to use some form of LMP/peak-load pricing, to optimize its local energy system. But, this might not be feasible for a DSO as a whole. The implementation of LMP might be different at the DSO level as well. Instead of an hourly bid-based model as is currently used for the TSO, a priority service auction could be established. In such an auction, consumers indicate priority levels for their energy consumption, and prices and volumes adjust based on the scarcity of network resources [60].



Along the same dimension also time-of-Use tariffs, where the transmission tariff depends on pre-determined time slots, or critical peak tariffs, where the tariffs are higher during a small number of hours indicated by the network operator, could be used. Those simplified tariffs will not adapt automatically to the level of (local) congestion, as LMP pricing, and reflect average network conditions. In Spain, consumers can up for time-of-use tariffs (ToU) for their network uses. Those tariffs are distinguish between peak and off-peak prices. Preliminary evidence [61] suggests that Spanish households adjust their consumption to those time-of-use prices. Borenstein shows significant long-run efficiency gains of real-time pricing compared to a flat price [62]. He also indicates that time-of-use pricing can only capture a small fraction of those gains, as prices correlate poorly with periods with the periods with critical peak demand, whereas critical peak pricing captures a significantly larger share of those gains.



As an alternative to dynamic network tariffs, a DSO could use simpler network tariffs and rely on ancillary service markets for flexibility to deal with local congestion. The DSO then procures local flexibility services from DERs either directly or through aggregators. In return for their network tariff, consumers receive a basic network service. They can opt-in for the more dynamic price setting of the ancillary service market. The good functioning of those flexibility markets requires clear baseline consumption and production levels. Those baselines are ideally based on network quantities that are contracted between network users and the network operator and will therefore require a network tariff which specifies a demand (or supply) profile with penalties for deviations from this profile. Alternatively, baseline levels are based on some averaged consumer profiles, but this is likely to lead to some form of gaming.




3.6. Distributive Concerns and the Death Spiral


Abolishing net-metering and shifting to capacity tariffs will reduce cross-subsidization from poor consumers to rich consumers with air-conditioning and PV installation and improve the fairness of the tariff structure. However, some tariff changes might harm vulnerable consumers as well. They may for instance not be able to invest in equipment that supplies flexibility and end up paying more than other consumers. Moreover, a fixed connection charge (€/connection) will, in relative terms, be a larger burden for poorer consumers. For a more in-depth discussion on fairness in distribution networks see [63].



In the long run, when the costs of storage and local generation are expected to drop further, then CECs might decide to partially or fully disconnect from the distribution network and operate on a stand-alone basis. The cost of the distribution network will then have to be covered by the remaining (possibly poorer) network users who will see their energy bills increase as a result. This could lead to a “death spiral” where more customers leave the distribution network (unlikely in northern Europe), network assets become stranded, the distribution network becomes obsolete and goes bankrupt, and only small island grids remain. This is not necessarily efficient: as consumers base their connection decisions upon a tariff that includes compensation for stranded assets, which are no longer economically viable, then they disconnect from the network too often.





4. Setting the Correct Incentives for Distribution Operators


The integration of DER and the digitalization of smart networks poses challenges for the DSO. These new challenges are likely to require a new regulatory framework but could also imply that the market structure and allocation of responsibilities have to change. The next subsections list a number of challenges and possible remedies.



4.1. Challenges


4.1.1. Capital vs. Operational Costs


Distribution system operators face a trade-off between further expanding their network to deal with larger and more volatile demand, or to use their existing network more efficiently and actively manage the flows on the network, for instance by procuring storage or flexibility form network users.




4.1.2. New Tasks Require New Skills


At the distribution level, many new tasks and goals have to be achieved. DERs must be integrated, localized congestion needs to be managed, ancillary services have to be procured and new market players (e.g., energy communities, aggregators) need to be accommodated. Secure data infrastructure and communication platforms need to put in place. Those tasks may go beyond the skills of a small independent DSO, and it seems likely that large economies of scale will need to be exploited in order to operate efficiently.




4.1.3. Preventing Cross-Subsidies


A regulated DSO that is vertically integrated with a retailer may be able to cross-subsidize its retail arm. This could lower the capital costs of this retailer and distort competition. If the future cost structure becomes more complex, it might become harder to allocate costs to specific functions and prevent cross-subsidization. Reference [64] discusses when cross-subsidies can be considered anti-competitive.




4.1.4. Prevent Discrimination


The future DSOs will have to procure ancillary services from market participants. Hence, the DSO will become an active market participant in the energy market. In order to guarantee a level playing field for all market participants, a vertically integrated DSO should not favor its own affiliate over its competitors.




4.1.5. Innovation


The distributed energy system is still in its infancy. Technology standards and interoperability requirements are still being developed, the market design has not yet crystallized and regulation (both national and EU-wide) is being developed as we go along. Distribution companies are intermediaries between many players, the enablers of the energy transition. For them to play this role, they need to have the freedom and incentives to innovate and take risks.




4.1.6. Limited Empirical Evidence


Worldwide there are no good large- scale examples on how the electricity sector should be organized (structure, regulation, technology) in order to integrate DER efficiently and equitably. The new European market design and regulation in this area remain untested.





4.2. Possible Remedies


4.2.1. No EU Harmonization, but Encourage Learning


We do not see a clear rationale for harmonizing regulation Europe-wide yet. Instead, it is important that we learn from experimenting with different forms of regulation in the Member States. Hence there is a value in variety. However, we might want to harmonize reporting requirements to improve mutual learning. Also, with respect to DSO tariffs, we do not favor harmonization as the marginal costs for distribution networks differ across countries and different preferences exist across countries with respect to fairness.




4.2.2. Regulation Open to Innovation


Member States should be encouraged to provide temporary deviations from existing regulation for small scale experiments (regulatory sandboxes). To promote innovation, subsidies may be required especially if there are regulatory spill-overs between DSOs, as we would expect too little investment in innovation otherwise.




4.2.3. Regulation and Market Structure are Interwoven


The regulatory framework will ideally depend on the market structure that is chosen. Below we highlight three possible options. Those options are also shown in Table 1. Reference [23] reviews international proposals for organizing network services. It shows not only a wide variety of how responsibilities can be allocated between DSOs and TSO, but also the option for creating a new entity that is responsible for market coordination.




4.2.4. Option (a) High Powered Incentive Regulation of a Large Unbundled DSO


One option to deal with some of the challenges above is to give a DSO a lot of flexibility but provide it with strong incentive regulation. Ref. [25] (Section 3.1) highlights the benefits of flexibility in regulation in combination with incentive regulation.



An example of such regulation could be a price cap with a quality bonus and an efficiency improvement component. Under incentive regulation, the national regulatory authority (NRA) will not approve each individual decision by the DSO but will set monetary incentives. Price cap regulation has been used in the UK and the Netherlands, under an RPI-X regime.



Once the DSO has the right incentives it could determine for instance its own tariff structure and procure ancillary services under long-term contracts. In order for DSOs to make the trade-off between capital costs (new network capacity) and operational costs (procuring flexibility) the DSO could be regulated on the basis of total expenditures (TOTEX). In the Netherlands, DSOs are benchmarked against each other on the basis of TOTEX. By benchmarking companies, the regulator creates virtual competition between the regulated companies.



DSOs will have to cooperate with TSOs in minimizing production costs. This requires an incentive scheme where the profit of the DSO depends on the performance of the TSO (and vice-versa). This type of regulation depends on the theory of incentives in teams [26]. See also [65] for a discussion of a potential contractual framework that allows DSOs to have the primary economic responsibility for system balancing.



This type of high-powered incentive regulation might not work whenever the DSO is part of a vertically integrated utility. This could be due to the fact that the DSO’s profit will only be a small fraction of the integrated utility, and the regulatory incentives may in some cases conflict with the overall incentives of the company. Ref. [66] provides empirical evidence that a combination of incentive regulation and unbundling is required to improve investment decisions. Furthermore, as the DSO makes a lot of discretionary decisions under high-powered incentive regulation, it could discriminate against is competitors. The Netherlands, therefore, require full ownership unbundling of DSOs. Most member states require only legal or functional unbundling [67].



Ownership unbundling of the DSO will imply that the new DSO loses some know-how which was available in the vertically integrated firm. A small (ownership) unbundled DSO might therefore not be up to the tasks, and several smaller DSOs may have to merge. Unbundling will therefore drastically change market structures and its implementation is likely to take considerable time. For instance, in The Netherlands, the unbundling of DSOs took more than 10 years.




4.2.5. Option (b) Bring Some Market Activities of the DSO to the TSO Level


An alternative option is to shift some tasks currently performed at the distribution level to the TSO. The TSO could for instance manage local congestion on the distribution network and procure local ancillary services.



The advantages of this set-up are that synergies between the DSO and TSO level can easily be achieved and that the know-how on setting-up and managing markets is already present at the TSO level. One of the disadvantages is that if distribution assets are still owned by the DSO then the coordination of local investment decisions and operational decisions becomes harder.




4.2.6. Option (c) Comprehensive Regulation of Vertically Integrated Network Operators


In some Member States, DSOs are part of vertically integrated utilities. Vertical integration could help coordination between the different levels of the value chain, especially distribution and retail. For instance, the retail arm of an integrated utility could co-own storage facilities and share some of the risks with DER. Such an integrated utility is also likely to have sufficient economies of scale (and scope) and know-how to set-up local markets.



The downside is that vertical integration could generate concerns about the potential limitations of effective competition. NRAs control will therefore have to be more comprehensive and leave less flexibility to the DSOs than under incentive regulation (Option a). The procurement of local ancillary services will have to follow strict rules, guaranteeing a level playing field. Softer unbundling requirements (such as management unbundling, information-sharing requirements, technical protocols) may also need to be strengthened to make this option workable.



Reference [68] discusses the economic trade-offs of unbundling. Unbundling improves competition between market actors but might reduce coordination between retailer/generator and network operator.






5. Discussion and Conclusions


The CEP rewrites the market rules of the European electricity market and provides new opportunities for DERs. The EC introduces a new market-based paradigm where the residential energy consumer can participate in any organized energy market, directly or through an intermediary, either as a passive price taker or an active trader. The CEP recognizes two new forms of intermediaries: the independent aggregator and CECs. Those obtain similar rights as end-users with respect to market access.



This paradigm shift is rather large, and although the Commission does not impose one particular implementation, it sets minimal requirements as highlighted in Section 2. Consumers have the right to obtain a smart meter and be subject to dynamic prices, and the compensation paid to other market parties by independent aggregators is subject to a number of conditions.



By choosing for a market-based solution, the EC leaves the development of business models and the creation of new market places to market players. We believe this is the correct way forward, as there are very few large-scale examples of well-functioning DR programs yet, and a top-down implementation is therefore not appropriate. A crucial requirement for market forces to develop DR is that network tariffs are not distortive. The profitability of DR business models should not depend on arbitraging tariff imperfections or shifting fixed costs to other network users.



In this paper we argue that network tariffs should therefore become more cost-reflective. This implies that the capacity component has to increase, net-metering to be abolished, and alternative tariffication schemes such as critical peak prices for network capacity need to be developed. We also indicate that network tariffs could contain optional components where consumers can provide additional flexibility to manage local congestion.



The EC recognizes the crucial role that DSOs will play in catalyzing the development of new market places. DSOs have to enable DER to participate in organized energy markets and become procurers of local resources in their own right. We propose three different regulatory scenarios to support those new DSO roles. (a) a horizontal merger of unbundled DSOs under incentive regulation, (b) a DSO as a subsidiary of an integrated utility under cost plus regulation, (c) a transfer of market activities from the DSO to the TSO.



Under the subsidiarity principle, the implementation of the directives is left to member states. This allows member states to adjust regulations to their particular historical situation. Allowing for variety in regulation at the member state level has the additional benefit of creating room for innovation in regulatory practice, by creating regulatory competition [69].



We can imagine that Germany with its many small DSOs opts for shifting some of those responsibilities to the TSO-level (scenario c.). The Netherlands, which already has fully unbundled DSOs, could after a period of experimentation, allow for DSO mergers to guarantee sufficient economies of scale to organize smart energy markets (scenario a). Italy and France, with few large DSOs could decide for cost-plus regulation, where the regulator designs a single country-wide market mechanism. (scenario b).



Technological barriers for the development of DR are surmountable. The underlying technologies exist and are being codified into technological standards. Whether DR will grow beyond demonstration projects and become an economic success will depend on the successful development of new business models that are attractive to all parties involved. The activation of households might be an important hurdle, given their current low interest in switching suppliers notwithstanding significant monetary gains. The monetary benefits of activating DR in field experiments are smaller than that of switching retailers, and often other considerations (e.g., environment) are more important [23]. We therefore believe that economic margins in DR programs are likely to be modest. Randomized field experiments (RCTs) might give us some further insights into consumer behavior, but they will not replace empirical results from large scale DR markets.







Author Contributions


Conceptualization, B.W. and J.Z.; writing—original draft preparation, B.W. and J.Z.; writing—review and editing, B.W. and J.Z.; supervision, B.W.; project administration, B.W.; funding acquisition, B.W. All authors have read and agreed to the published version of the manuscript.




Funding


This research was funded by CERRE, Centre on Economic Regulation in Europe. Bert Willems acknowledges funding from the French National Research Agency (ANR) under the Investments for the Future (Investissements d’Avenir) program, grant ANR-17-EURE-0010. Juulia Zhou recognizes funding from TILEC, Tilburg Law and Economics Center.




Acknowledgments


This study was part of a larger CERRE research project “Smart Consumers in the Internet of Energy” [23]. We thank Karim Anaya, Monica Giulietti, Chloé Le Coq for the fruitful cooperation. We are grateful to the input from CERRE seminar participants and benefited from participants of the CERRE round table discussions which included representatives of the European Commission, ENEL and Microsoft. Michael Pollitt and Maximo Miccinilli provided valuable feedback on an earlier version of the report.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Albadi, M.H.; El-Saadany, E.F. Demand Response in Electricity Markets: An Overview. In Proceedings of the 2007 IEEE Power Engineering Society General Meeting, Tampa, FL, USA, 24–28 June 2007; IEEE: New York, NY, USA, 2007; pp. 1–5. [Google Scholar]

	



Dupont, B.; Dietrich, K.; De Jonghe, C.; Ramos, A.; Belmans, R. Impact of residential demand response on power system operation: A Belgian case study. Appl. Energy 2014, 122, 1–10. [Google Scholar] [CrossRef]

	



Dahlke, S.; Prorok, M. Consumer Savings, Price, and Emissions Impacts of increasing Demand Response in the Midcontinent Electricity Market. Energy J. 2019, 40. [Google Scholar] [CrossRef]

	



Papavasiliou, A.; Mou, Y. Long-run cost-benefit analysis of demand response for the European System. In Proceedings of the 2018 IEEE Power & Energy Society General Meeting (PESGM), Portland, OR, USA, 5–10 August 2018. [Google Scholar]

	



De Jonghe, C.; Hobbs, B.F.; Belmans, R. Optimal Generation Mix with Short-Term Demand Response and Wind Penetration. IEEE Trans. Power Syst. 2012, 27, 830–839. [Google Scholar] [CrossRef]

	



Rodrigues, R.; Linares, P. Electricity load level detail in computational general equilibrium—Part II—Welfare impacts of a demand response program. Energy Econ. 2015, 47, 52–67. [Google Scholar] [CrossRef]

	



US Department of Energy. Benefits of Demand Response in Electricity Markets and Recommendations for Achieving Them; US Department of Energy: Washington, DC, USA, 2006.

	



Zugno, M.; Morales, J.M.; Pinson, P.; Madsen, H. A bilevel model for electricity retailers’ participation in a demand response market environment. Energy Econ. 2013, 36, 182–197. [Google Scholar] [CrossRef]

	



Bompard, E.; Napoli, R.; Wan, B. The effect of the programs for demand response incentives in competitive electricity markets. Eur. Trans. Electr. Power 2009, 19, 127–139. [Google Scholar] [CrossRef]

	



Roos, A.; Bolkesjø, T.F. Value of demand flexibility on spot and reserve electricity markets in future power system with increased shares of variable renewable energy. Energy 2018, 144, 207–217. [Google Scholar] [CrossRef]

	



Wang, J.; Liu, C.; Ton, D.; Zhou, Y.; Kim, J.; Vyas, A. Impact of plug-in hybrid electric vehicles on power systems with demand response and wind power. Energy Policy 2011, 39, 4016–4021. [Google Scholar] [CrossRef]

	



Weis, A.; Jaramillo, P.; Michalek, J. Estimating the potential of controlled plug-in hybrid electric vehicle charging to reduce operational and capacity expansion costs for electric power systems with high wind penetration. Appl. Energy 2014, 115, 190–204. [Google Scholar] [CrossRef]

	



Patteeuw, D.; Henze, G.P.; Helsen, L. Comparison of load shifting incentives for low-energy buildings with heat pumps to attain grid flexibility benefits. Appl. Energy 2016, 167, 80–92. [Google Scholar] [CrossRef]

	



Blarke, M.B. Towards an intermittency-friendly energy system: Comparing electric boilers and heat pumps in distributed cogeneration. Appl. Energy 2012, 91, 349–365. [Google Scholar] [CrossRef]

	



Ketterer, J.C. The impact of wind power generation on the electricity price in Germany. Energy Econ. 2014, 44, 270–280. [Google Scholar] [CrossRef]

	



Kyritsis, E.; Andersson, J.; Serletis, A. Electricity prices, large-scale renewable integration, and policy implications. Energy Policy 2017, 101, 550–560. [Google Scholar] [CrossRef]

	



Rintamäki, T.; Siddiqui, A.S.; Salo, A. Does renewable energy generation decrease the volatility of electricity prices? An analysis of Denmark and Germany. Energy Econ. 2017, 62, 270–282. [Google Scholar] [CrossRef]

	



Sapio, A. Greener, more integrated, and less volatile? A quantile regression analysis of Italian wholesale electricity prices. Energy Policy 2019, 126, 452–469. [Google Scholar] [CrossRef]

	



Huang, S.; Wu, Q.; Oren, S.S.; Li, R.; Liu, Z. Distribution Locational Marginal Pricing Through Quadratic Programming for Congestion Management in Distribution Networks. IEEE Trans. Power Syst. 2015, 30, 2170–2178. [Google Scholar] [CrossRef]

	



Hu, J.; You, S.; Lind, M.; Østergaard, J. Coordinated Charging of Electric Vehicles for Congestion Prevention in the Distribution Grid. IEEE Trans. Smart Grid 2014, 5, 703–711. [Google Scholar] [CrossRef]

	



Zhang, C.; Ding, Y.; Christian Nordentoft, N.; Pinson, P.; Østergaard, J. FLECH: A Danish market solution for DSO congestion management through DER flexibility services. J. Mod. Power Syst. Clean Energy 2014, 2, 126–133. [Google Scholar] [CrossRef]

	



IEA. Demand Response; IEA: Paris, France, 2020. [Google Scholar]

	



Anaya, K.; Giulietti, M.; Le Coq, C.; Willems, B. CERRE 2019|Smart Consumers in the Internet of Energy: Flexibility Markets & Services from Distributed Energy Resources; Centre on Regulation in Europe: Brussels, Belgium, 2019; p. 86. [Google Scholar]

	



Wolak, F.A. Do Residential Customers Respond to Hourly Prices? Evidence from a Dynamic Pricing Experiment. Am. Econ. Rev. 2011, 101, 83–87. [Google Scholar] [CrossRef]

	



Ito, K. Do Consumers Respond to Marginal or Average Price? Evidence from Nonlinear Electricity Pricing. Am. Econ. Rev. 2014, 104, 537–563. [Google Scholar] [CrossRef]

	



Frondel, M.; Kussel, G. Switching on Electricity Demand Response: Evidence for German Households. Energy J. 2019, 40, 1–16. [Google Scholar] [CrossRef]

	



Golmohamadi, H.; Keypour, R. Retail Energy Management in Electricity Markets: Structure, Challenges and Economic Aspects—A Review. Technol. Econ. Smart Grids Sustain. Energy 2017, 2, 20. [Google Scholar] [CrossRef]

	



Behrangrad, M. A review of demand side management business models in the electricity market. Renew. Sustain. Energy Rev. 2015, 47, 270–283. [Google Scholar] [CrossRef]

	



Rious, V.; Perez, Y.; Roques, F. Which electricity market design to encourage the development of demand response? Econ. Anal. Policy 2015, 48, 128–138. [Google Scholar] [CrossRef]

	



Negnevitsky, M.; Nguyen, T.D.; de Groot, M. Novel business models for Demand Response Exchange. In Proceedings of the IEEE PES General Meeting, Providence, RI, USA, 25–29 July 2010; IEEE: New York, NY, USA, 2010; pp. 1–7. [Google Scholar]

	



Parrish, B.; Heptonstall, P.; Gross, R.; Sovacool, B.K. A systematic review of motivations, enablers and barriers for consumer engagement with residential demand response. Energy Policy 2020, 138, 111221. [Google Scholar] [CrossRef]

	



Pollitt, M.G. The European Single Market in Electricity: An Economic Assessment. Rev. Ind. Organ. Vol. 2019, 55, 63–87. [Google Scholar] [CrossRef]

	



Chyong, C.K. European Natural Gas Markets: Taking stock and looking forward. Rev. Ind. Organ. 2019, 55, 89–109. [Google Scholar] [CrossRef]

	



Directive 2012/27/EU of the European Parliament and of the Council of 25 October 2012 on Energy Efficiency, Amending Directives 2009/125/EC and 2010/30/EU and Repealing Directives 2004/8/EC and 2006/32/EC Text with EEA Relevance. OJL, 14 November 2012; 1–56.

	



European Council for an Energy Efficient Economy Energy Efficiency Obligations. Available online: https://www.eceee:policy-areas/EE-directive/energy-efficiency-obligations/ (accessed on 20 June 2020).

	



Directive (EU) 2018/2002 of the European Parliament and of the Council of 11 December 2018 Amending Directive 2012/27/EU on Energy Efficiency (Text with EEA relevance.). OJL, 21 December 2018; 210–230.

	



Regulation (EU) 2019/943 of the European Parliament and of the Council of 5 June 2019 on the Internal Market for Electricity (Text with EEA Relevance.). OJL, 14 June 2019; 54–124.

	



Directive (EU) 2019/944 of the European Parliament and of the Council of 5 June 2019 on Common Rules for the Internal Market for Electricity and Amending Directive 2012/27/EU (Text with EEA Relevance.). OJL, 14 June 2019; 125–199.

	



Smart Energy Demand Coalition (SEDC). Explicit Demand Response in Europe Mapping the Markets 2017; Smart Energy Demand Coalition (SEDC): Brussels, Belgium, 2017. [Google Scholar]

	



Zancanella, P.; Bertoldi, P.; Kiss, B. Demand Response Status in EU Member States; Publications Office of the European Union: Ispra, Italy, 2016; ISBN 978-92-79-59818-0. [Google Scholar]

	



Commission Implementing Regulation (EU) No 1348/2014 of 17 December 2014 on data reporting implementing Article 8(2) and Article 8(6) of Regulation (EU) No 1227/2011 of the European Parliament and of the Council on Wholesale Energy Market Integrity and Transparency Text with EEA Relevance. OJL, 18 November 2014; 121–142.

	



Graham, S.; Marvin, S. Cherry picking and social dumping: Utilities in the 1990s. Util. Policy 1994, 4, 113–119. [Google Scholar] [CrossRef]

	



Laffont, J.-J.; Tirole, J. Optimal Bypass and Cream Skimming. Am. Econ. Rev. 1990, 80, 1042–1061. [Google Scholar]

	



European Commission. Study on Tariff Design for Distribution Systems; European Commission: Brussels, Belgium, 2015; p. 652. [Google Scholar]

	



CEER. Electricity Distribution Network Tariffs CEER Guidelines of Good Practice; CEER: Brussels, Belgium, 2017; p. 40. [Google Scholar]

	



Eurelectric. Network Tariffs; Eurelectric: Brussels, Belgium, 2016; p. 13. [Google Scholar]

	



Bonbright, J.C. Principles of Public Utility Rates; Columbia University Press: New York, NY, USA, 1961; ISBN 978-0-231-88861-5. [Google Scholar]

	



Pollitt, M.G. Electricity Network Charging in the Presence of Distributed Energy Resources: Principles, Problems and Solutions. Econ. Energy Environ. Policy 2018, 7, 89–103. [Google Scholar] [CrossRef]

	



Boiteux, M. Peak-Load Pricing. J. Bus. 1960, 33, 157–179. [Google Scholar] [CrossRef]

	



Crew, M.A.; Fernando, C.S.; Kleindorfer, P.R. The theory of peak-load pricing: A survey. J. Regul. Econ. 1995, 8, 215–248. [Google Scholar] [CrossRef]

	



Simshauser, P. Demand Tariffs: Resolving Rate Instability and Hidden Subsidies; AGL Applied Economic Policy Research, Working Paper 45—Demand Tariffs; AGL Energy Ltd.: Sidney, Australia, 2015. [Google Scholar] [CrossRef]

	



Küfeoğlu, S.; Pollitt, M.G. The impact of PVs and EVs on domestic electricity network charges: A case study from Great Britain. Energy Policy 2019, 127, 412–424. [Google Scholar] [CrossRef]

	



NERA. Efficiency of Tariffs for Current and Emerging Technologies; NERA: Sidney, Australia, 2014. [Google Scholar]

	



Brown, D.P.; Sappington, D.E.M. Designing Compensation for Distributed Solar Generation: Is Net Metering Ever Optimal? Energy J. 2017, 38. [Google Scholar] [CrossRef]

	



Brown, T.; Faruqui, A. Structure of Electricity Distribution Network Tariffs: Recovery of Residual Costs; The Brattle Group: Sidney, Australia, 2014; p. 63. [Google Scholar]

	



Schittekatte, T.; Momber, I.; Meeus, L. Future-proof tariff design: Recovering sunk grid costs in a world where consumers are pushing back. Energy Econ. 2018, 70, 484–498. [Google Scholar] [CrossRef]

	



ACER. CEER European Energy Regulators’ White Paper #1 Renewables in the Wholesale Market; ACER: Ljubljana, Slovenia, 2017. [Google Scholar]

	



Schweppe, F.C.; Caramanis, M.C.; Tabors, R.D.; Bohn, R.E. Spot Pricing of Electricity; The Kluwer International Series in Engineering and Computer Science; Springer Science & Business Media: Berlin, Germany, 1988; ISBN 13 978-1-4612-8950-0. [Google Scholar]

	



Hsu, M. An introduction to the pricing of electric power transmission. Util. Policy 1997, 6, 257–270. [Google Scholar] [CrossRef]

	



Chao, H.-P.; Wilson, R. Priority Service: Pricing, Investment, and Market Organization. Am. Econ. Rev. 1987, 77, 899–916. [Google Scholar]

	



Fabra, N.; Reguant, M.; Rapson, D. Real-Time Pricing for Everyone: Evidence from Spain; Presentation of Preliminary Results: Toulouse, France, January 2019. [Google Scholar]

	



Borenstein, S. The Long-Run Efficiency of Real-Time Electricity Pricing. Energy J. 2005, 26, 93–116. [Google Scholar] [CrossRef]

	



Lu, L.; Price Waddams, C. Designing Distribution Network Tariffs that Are Fair for Different Consumer Groups; University of East Anglia: Norwich, UK, 2018; p. 39. [Google Scholar]

	



Willems, B.; Ehlers, E. Cross-subsidies in the electricity sector. Compet. Regul. Netw. Ind. 2008, 9, 201–227. [Google Scholar] [CrossRef]

	



Kim, S.W.; Pollitt, M.G.; Jin, Y.G.; Kim, J.; Yoon, Y.T. Contractual Framework for the Devolution of System Balancing Responsibility from the Transmission System Operator to Distribution System Operator. Camb. Work. Pap. Econ. 1738 EPRG Work. Pap. 1715 2017. [Google Scholar] [CrossRef]

	



Léautier, T.-O.; Thelen, V. Optimal expansion of the power transmission grid: Why not? J. Regul. Econ. 2009, 36, 127–153. [Google Scholar] [CrossRef]

	



CEER Status Review of Renewable Support. Schemes in Europe for 2016 and 2017. Public Report. 14 December 2018, p. 126. Available online: https://www.ceer.eu/documents/104400/-/-/80ff3127-8328-52c3-4d01-0acbdb2d3bed (accessed on 29 October 2020).

	



Brunekreeft, G. Network unbundling and flawed coordination: Experience from the electricity sector. Util. Policy 2015, 34, 11–18. [Google Scholar] [CrossRef]

	



Sun, J.-M.; Pelkmans, J. Regulatory Competition in the Single Market. JCMS J. Common Mark. Stud. 1995, 33, 67–89. [Google Scholar] [CrossRef]








[image: Energies 13 05672 g001 550] 





Figure 1. The effect of network demand elasticity on market efficiency when tariffs are not aligned to network costs. The graphs represent the demand for network usage and as a function of the network tariff. (a) DWL is small when demand is inelastic; (b) DWL is large when demand is elastic. Note that this intuition holds for long-run demand for network capacity and long-run marginal cost for network capacity (as sketched here) as well as for the short-run situation where we look short-run marginal costs of network flows. 
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Table 1. Three options for organizing DSOs activities, and their benefits and drawbacks. Cells with the same color are operated by the same entity either directly or by a subsidiary.
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Option a

	
Option b

	
Option c






	
Tasks/actors

	
Retail

	
Utility Co.—Retailer

	
Utility Co.—Retailer

	
Utility Co.—Retailer




	
Operating local grid

	
Independent DSO

	
Utility Co.—DSO

	
Utility Co.—DSO




	
Organizing local energy market Procuring Local ancillary services

	
Independent DSO

	
TSO

	
Utility Co.—DSO




	
Pro and Cons

	
Pro

	

	•

	
high powered incentives




	•

	
innovation by DSO




	•

	
coordination investment & operation







	

	•

	
coordination DSO-TSO




	•

	
knowledge sharing TSO




	•

	
no restructuring costs







	

	•

	
no restructuring cost




	•

	
knowledge sharing DSO-utility










	
Cons

	

	•

	
costly unbundling of retail




	•

	
DSO mergers for scale economies







	

	•

	
no coordination investment/operation costs







	

	•

	
limited incentives for innovation




	•

	
limited coordination investment cost and operation




	•

	
slow regulatory adjustments




	•

	
risk of market power abuse
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