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General background and goal of the paper 
The growing decentralisation of electricity production, mainly with the increasing use of local micro-

renewables, is pushing the transition towards a smart energy system, more and more digitalized. The dominant 

paradigm for production and supply with large-scale and fossil-fuel power plants, where consumers are still 

viewed ad passive actors and the Distribution Network Operator (DNO) is a monolithic, classic operator that 

manages the infrastructure seems to be realistically no more applicable in the next future. In addition, the 

utilities traditional, consolidated business model - mainly based on the remunerative intermediation between 

producers and consumers - is under great stress.   

However, a new paradigm that takes into account the changes taking place is still far from a complete and 

precise definition. In particular, the wide scale deployment of distribution-connected renewable generators and 

the major changes in new technologies will increasingly affect how energy is bought and consumed, calling 

for new, challenging roles for major actors currently involved. Between them, the most interesting and 

promising are the “prosumers” (a mix between producers and consumers) and the DNOs, whose importance 

is becoming more and more strategical but whose role has to be reshaped. Moreover, also because of the 

ongoing regulation, new actors are emerging – aggregators, flexibility service providers, storage providers and 

so on -, trying to find the right place and the mutual arrangements within the market. The result is that a new 

generation of business models, considering all these elements, is strongly needed [1].  

Within this renewed environment, according to the most recent EU energy regulations and directives, an 

interesting and challenging electricity market design should be based on the extended opportunity for 

prosumers to self-consume, buy, sell or trade self-produced electricity within the market, in a local electricity 

community. In this way, individual consumers and producers are placed at the centre of the system. More 

detailed, prosumers could act individually or through new players such as prosumer community groups [2] or 

aggregators, and the DNO could assume a new role like the central, trusted manager of the system. Because of 

this consumers’ progressive pull back from the retail market, traditional utilities will probably face a 

progressive degree of disintermediation (and a corresponding profitability decline). The opportunity to benefit 

of storage facilities (not only prosumers but also prosumager [3] [4] ) could give an impressive acceleration to 

this process, even higher if combined with innovative technologies such as the blockchain, a form of distributed 

ledger [5] [6] [7]. On the other hand, the efficient and effective management of this new local energy business 

model is far from simple and relies on the appropriate, accurate definition of the economic relationship between 

the actors, as well as on the rule of games of the community itself (entry and exit duties, pooling of the 

investments and so on.). The overall impression is that a sustainable business model and, more generally, an 

overall framework design are crucial for the functioning of such a complex, fragmented market. 

Starting from the ongoing project NEMoGrid (www.nemogrid.eu), this paper aims to highlight the main key 

points of a sustainable business model at the basis of a peer-to-peer electricity market based on the blockchain 

technology, where function, roles and management schemes are clearly defined and accepted and multiple 

actors’ goal incorporated. Indeed, while in the literature significant attention has been dedicated to address 
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critical challenges such as energy sharing approaches, prosumer motivations and technological issues, the 

investigation of the actual management of such market models is still limited. In particular, the NEMoGrid 

project explores actors’ relationship, tariffs and prices for the electricity transactions: on site, from and into the 

grid, up to the spot market (as a potential outlet market for the prosumers/prosumagers). Heterogeneity of 

prosumers in terms of power, load profile, available flexibility, storage facilities - where present - and 

motivation contribute to increase the difficulty. Actual economic advantages of the NEMoGrid business model 

are still under investigation because onsite tests are still running; nevertheless, taking advantage of the current 

research results, after highlighting the essentials of the proposed market, we formulate a series of proposals 

concerning the management of the market. 

Finally, the definition of convincing relationship and management arrangements between different players 

involved will thus ground suggestions in terms of policy reforms, also discussing on how they may be 

implemented in the current regulatory framework. We cautioning against excessive optimism, laying out a 

series of caveats and complexities.  

Electricity in a decarbonizing society 
The decarbonisation era has definitely begun, with governments across the OECD more and more committed 

to ambitious reductions in CO2 emissions. Electricity is central to this agenda and huge quantities of low 

carbon investment, mostly in distributed energy resources (DER) plants, have been realized but again still 

needed.  

In 2017, the total net electricity generation in Europe was 3.1 million GWh. Electricity is the fastest-growing 

source of energy demand [8]. In terms of composition, the 75% of the overall production in still based on 

combustible fuels (49%) and nuclear (25%), while the remaining quota is covered by renewables, mainly wind 

(11.4%) and hydro (10.4%), then solar (3.8%) and geothermal (0.2%). In the last decade, the relative 

importance of renewables has increased considerably: from 14.2% in 2007 to 25.8% in 2017.  

The scale of generation can vary between large, industrial and domestic size, the latter with micro-renewables 

power plants. Their integration into the electricity grid represent a critical problem because of the intermittency 

and physical flow. Regarding the first, renewables are clearly not continuous, with peaks of production 

concentrated in several hours of the day (typically from noon to 4 p.m. for photovoltaics or during the night 

for wind). Recently, more and more frequently the system registers an overproduction (a positive difference 

between supply and demand), forcing the transmission system operators (TSOs) to artificially increase demand 

(or, in economic terms, remunerating consumers to consume – negative electricity prices). About physical 

flows, they are usually top down, from higher to lower distribution level, for traditional production and bottom 

up, from lower to higher level, for renewables. The integration of DERs then requires that crucial issues have 

to be considered because the increase in network stress and congestion could overbalance environmental 

benefits.  

Changes in the mix generation call for new investments, in part for the integration of renewables in the network, 

affecting at the same time the electricity prices. In particular, wholesale electricity prices have been forced 

down by the RESs because of the merit order effect [9] [10] [11]: renewables have almost no operating costs 

(not fuel and low manpower), so they lower the entrance price into the market pushing more expensive 

conventional power plants down in the merit order. In other words, the higher is the generation from 

renewables, the higher is the vulnerability of traditional power plants, potentially out of the market. Also thanks 

to this effect, electricity spot prices have significantly declined during the last years; nevertheless, the final 

price for electricity has not registered a reduction of the same magnitude. This because the cost of the 

commodity is just a part, on average the half, of the total cost; remaining components include the cost of 

infrastructure (transmission and distribution) in addition to fees and charges (VAT or the cost of incentives to 

RES). This part has grown and seems to be destined to continue to rise in the next future. This means that the 

cost optimization of the electricity bill cannot disregard the managing of the network (both at transmission and 

distribution level) as well as fiscal budget matters. 

Therefore, the energy industry is changing and the new challenge seems to be the provision of affordable, 

sustainable and secure electricity supply in a market where production, transport and consumption are rapidly 

evolving, also because the use of micro-renewables, combined with digitalization technologies.  

 



 

In this renewed scenario, a better load management, also thanks to the progressive involvement of consumers 

that self-generate electricity – prosumers – is destined to become an interesting scenario.  

The upcoming challenges: new actors in a new market 
The progressive electricity market liberalization has increased the market complexity: new active players such 

as aggregators, Energy Service Companies (ESCO), Flexibility Service Providers (FSP) and prosumers are 

emerging and a coherent market design needed. In detail, their coordination mainly through the definition of 

mutual and effective relationship is crucial; otherwise, the risk of a rise in coordination costs is concrete. 

Moreover, a lack in harmonisation may negatively affect the security of supply, weakening the whole system. 

Recent policy makers’ orientation is pushing for a more consumer-centric electricity system. On 30.11.2017 

the EU proposed the “Internal Market for Electricity Directive” (IMED), included in the so-called “Winter 

Package”. With the article 2, the IMED introduces for the first time the concept of prosumer, a relatively new 

concept in energy markets but present in a wide range of other markets for a long time [12] [13] [14]. In spite 

of the reception that this term has in literature on energy law and economics, the Directive uses the term 

“Active customer”, defining it ”a customer or a group of jointly acting customers who consume, store or sell 

electricity generated on their premises, including through aggregators, or participate in demand response or 

energy efficiency schemes provided that these activities do not constitute their primary commercial or 

professional activity”. More detailed, the following article 15 specify that Member States have to ensure, with 

national legislation, that active customer are entitled to “generate, store, consume and sell self-generated 

electricity in all organised markets either individually or through aggregators without being subject to 

disproportionately burdensome procedures and charges that are not cost reflective” – so they can participate 

in the market through local energy communities - as well as “subject 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”.   

The active consumer is a relevant actor for both demand and supply. Concerning the first, demand response1 

is a convenient, alternative to new “peaky” investment: the involvement of consumers, also thanks to 

digitalization, with control and forecasting capabilities and, more generally, with the so-called ‘enabling 

technologies’, has made demand response very attractive, as an effective option to increase power system 

flexibility. On the supply side, when the consumer wears the role of (micro) producer, he may engages in self-

consumption and electricity trading, with potential advantages in terms of consumption optimization and 

profitably (through the commercialization of self-production surplus). If at the beginning renewables were 

incentivized with subsidization schemes (principally feed-in tariffs), now such investment seem destined to 

become much more convenient and affordable, also at domestic level, even without any kind of public subsidy. 

New market arrangements like the peer-to-peer market, which we will describe in the following pages, seem 

aimed to exploit new business opportunities for active consumers and prosumers within the new electricity 

market.  

The consumer as navel of the system: the Peer-to-Peer electricity market 
In the previous paragraph, we saw that demand response, load optimization through on-site production and 

consumption are becoming more and more attractive. Focusing on solar domestic generation, consumers are 

progressively encouraged to self-consume as well as, in case of self-sufficiency, valorise their excess of 

production.  

The progressive elimination of the outdated feed-in tariffs gives room for an actual commercialization of the 

electricity surplus, preferably at (local) community level. As highlighted, a peer-to-peer market is one of the 

most challenging market design. However, such an interesting market arrangement need a clear architecture 

and an even clearer specification of the rules and duties that roots it.  

                                                           
1 According to the FERC (Federal Energy Regulatory Commission) demand response is a change in electric usage by 
demand-side resources from their normal consumption patterns in response to changes in price of electricity over time, 
or to incentive payments designed to induce lower electricity usage at times of high wholesale market prices or when 
system reliability jeopardized. 



In recent years, different business models for electricity local supply have been proposed and tested e.g. local 

white label model, local aggregator model, local pool model, etc [15]. These business models were all designed 

on existing business models in large-scale electricity wholesale markets. Otherwise, a new business model for 

local P2P energy trading should be based on a different paradigm, such as an eBay or a spot wholesale market 

style. In a P2P market consumers and prosumers have the possibility to freely trade with a central part or, in 

its purest form, between each other.   

In addition to the technical prerequisite, the organisation and management of the P2P electricity community 

rely on rules as well as agreements between the actors involved. In detail, the main key points to be considered 

in optimizing the P2P market efficiency and effectiveness are the following: 

a) The electricity market price (or prices?) 

b) The entry and exit rules and duties 

c) The profitability: revenues, cost and earnings rules. 

d)  

a) In an energy P2P market prosumers offer a production capacity for an upcoming period, and buyer 

(consumers) decide what bids to purchase. [16]. An adequate definition of the price of the electricity (energy 

component) create a win-win operation for both the parties of the transaction – consumer and 

producer/prosumer. For the first, the P2P price has to be lower than the current supplier price, while for the 

prosumer it has to be higher than the buy-back price (if still present) or than the production cost, represented 

by the LCOE. The width of the range between these two figures depends on the parties’ negotiation and could 

represent the beginning for an auction system competition between the prosumers of the P2P community. 

Technically, the definition of the optimal transaction prices and quantity result from the adoption of 

decentralized optimization technologies [17] [18] [19] [20]. In particular, the common basic idea is that each 

agent reveals at what price is willing to trade a certain quantity of electricity; the problem is then iteratively 

disentangled. In our opinion, this market arrangement is very interesting and challenging, and could better 

represents a more advanced organization form, once the basic model will be much more well defined and 

relations between agents and actors better analysed and shaped. The general idea is that this market design 

arrangement will minimize the cost of electricity trade between agents. Cost optimization is widely reported 

as a major motivation for bilateral energy transactions among peers [21] [22] [23] [24] [25] [26]. Cost 

optimization can be achieved through reductions in generation costs, transport costs, energy demand or through 

profit maximization. In addition, minimized losses and energy cost in distributed micro-grid have been 

considered as a motivation for prosumers’ participation in energy trading  [27]. Moreover, if a peer market 

enters successfully, it will realistically lower (energy) market price, crowding out professional sellers [28]. 

b) The P2P market is open to new members; the community entry and exit policy is crucial. As a 

prerequisite, it should be clarified if the community is legally responsible for the electricity public service 

obligation, i.e. has to assure the supply to its members. In addition, because the generation of RESs is 

uncontrollable, P2P energy trading among prosumers relies on a precise and effective schedule and control of 

flexible demand and energy storage.  

Another key point is the stability in the community composition or, otherwise, the regulation of the members’ 

turnover. At least at the beginning, an agreement with the obligation to remain within the community for a 

certain period (for example, from three to five years) should be adopted. A minimum critical size in terms of 

consumers and boundaries has to be considered if prosumers have to place their surplus within the P2P 

community. Moreover, in a “pure” P2P market (see below), the bid price include the energy and the network 

component, and the latter is shaped on the effective electricity flow distance. Regarding the interaction between 

participants, due to the hierarchical nature of the distribution networks, the future P2P energy trading should 

be carried out at a different level. A local energy market and a sophisticated ICT and control system is essential 

for managing the balancing of the system; blockchain is considered to be a very promising techniques which 

can simplify the metering and billing system of the P2P energy trading market. According to the recent 

literature [29] three main type of P2P market may be outlined: 

- “Pure”, full P2P market. 

In this market arrangement all the agents interact through multi-bilateral transactions in order to sell or 

purchase electricity; there is no need for any kind of third party entity control or management.  

- Community-based P2P market 



In this market, the architecture relies on the presence of a central, third entity that acts as a supervisor, 

coordinating electricity trading between agents involved in the negotiations.  

- Hybrid P2P market 

It is clearly the combination between the previous market designs; it is based on the presence of different layers 

for trading electricity.  

c) Revenues, cost and profit rules. The rationale for a local community market such as the P2P is to 

create a mutual market whereas electricity is traded at a convenient price and costs and benefits are (at least 

partially) pooled between participants. In particular, all the rents of the model are fairly distributed, with 

revenues earned from P2P transactions spread across all prosumers in proportion to their export. Otherwise, 

the result could be a P2P market as a smallest decentralized electricity market, with performances and limits 

similar to those of centralized ones [30], and in the long term, such a market design may not be competitive 

with the spot market. For Community-based P2P models, fees to platform manager accorded to the actual 

volume of trading should be defined and charged on prosumers proportionally to their trading activity.  

From a social point of view, by delivering energy as a resource that can be given away as a social capital by 

individuals to a target party, the values derived from such gestures can be used as a strategic tool to promote 

social cohesion and improve the sense of community. 

The NEMoGrid project 

The methodology  
The definition of the proposal at the base of an innovative P2P business model is rooted on the positive and 

normative analysis of existing pioneering case studies. One of the most recent is the NEMoGrid project 

(www.nemogrid.eu), an ERA-NET funded project aimed at designing and evaluating innovative business 

models favouring the integration of DERs into the distribution grid, attaining an economic and technical 

optimum at community level. The project is still ongoing – on site test in selected location in Switzerland, 

Sweden and Germany are running and results are programmed for the next months - but some indications are 

emerging.  

We formulate our proposals with particular attention to trading and self-consumption prices, rewarding (or 

penalty) schemes, entry and exit regulation from the P2P market, investment financing and the (remunerated?) 

role of the trusted body that manage the community, usually (at least at the beginning) the DSO. According to 

the economic theory, we define an objective function, adapted from Litjens et al. [31]  for the minimization of 

the prosumers and consumers electricity expenditure, with and without the storage. We add to the consumption 

cost and trading revenues the administrative fees for the central body as well as the cost of the system load 

control (made by an algorithm developed in another project called Swiss-to-Grid, see [32]). A parallel 

reflection on the weight and the structure of the network tariff has been developed. Potential gains are 

calculated as a difference between the objective function and the corresponding figures for other market 

scenarios defined in the project, mainly the Business as Usual scenario. 

The aim is to push the whole system toward cost-efficiency and cost grid optimization (in short and long run), 

encompassing at the same time equity criteria (for example considering cross subsidisation between different 

consumers’ category, potential sell of energy to cheaper to lower-income residents, etc..). Physical and 

economical transactions rely on smart contracts, used as a way to initiate to deliver energy among neighbours; 

the transaction are settled with tokens. 

The business model and its assumption 

The functioning of the NEMoGrid P2P market in based in several assumptions: 

» We consider PV decentralized, domestic production. No feed-in tariffs or any other kinds of incentive 

rates are present; subsidies to investments could be considered. 

» As market design, we opt for a community-based P2P market: a central aggregator trades with each 

participant (no bilateral relationships; a multilateral trading could represent a future improvement). In 

a further step on the analysis, a “pure” P2P market could be assessed.  

http://www.nemogrid.eu/


» The goal is represented by the minimization of the overall consumers’ expenditure, meaning the sum 

of the energy and network quotas, as well as charges and fees. Anyway, in the first on site test we just 

consider the energy component. 

» Self-consumption is allowed and potential surplus could be sold to other consumers. More detailed, 

electricity imported is limited to the unmet demand and electricity traded is the surplus of PV 

production.  

» The DSO could acts as central aggregator, applying apply the most appropriate tariff scheme, lease 

the battery to a pool of users and manage the grid balance, the latter also with the help of a dedicated 

algorithm aimed to smooth the consumers’ consumption profile shifting the load. It will also 

coordinate the system. On the other hand, consumers and prosumers do not actively participate to the 

wholesale. 

» The P2P value paid for solar is set just below the retail price, which means all prosumers wish to 

satisfy the P2P market. 

The overall functioning of the P2P market in terms of electricity flows and economics could be sketched out 

as in the Figure . 

 

Figure 1. Daily electricity flows in a peer-to-peer market 

 

 



Figure 1. Peer-to-Peer market cost and revenues. 

 

The objective function 
As highlighted, the objective function is the minimization of the expenditure. We consider the possibility to 

use a storage facility, and shape our model according to this opportunity. In both cases (with and without 

storage), we use an adaptation of the model of Litjens [31]. 

Case a) without storage 

Objective function = minimize (electricity expenditure from the grid – revenues from the PV surplus) 

1) Electricity expenditure from the grid  

Price paid equal to the retailer price 

2) Revenues from PV surplus 

Price lower than retailer price but higher than LCOE 

In case: cost of the algorithm (charged by the DSO as a cost component quota) 

 

= ∑(𝑑, 𝑡)(𝐸𝑖𝑚𝑝𝑜𝑟𝑡(𝑑,𝑡) ∗ 𝑝. 𝑖𝑚𝑝𝑜𝑟𝑡 − 𝑃𝑉𝑒𝑥𝑝𝑜𝑟𝑡𝑒𝑑(𝑑,𝑡) ∗ 𝑝. 𝑒𝑥𝑝𝑜𝑟𝑡 + (𝑎𝑙𝑔𝑜𝑟𝑖𝑡ℎ𝑚)

+ (𝑎𝑑𝑚𝑖𝑛𝑖𝑠𝑡𝑟𝑎𝑡𝑖𝑣𝑒 𝑓𝑒𝑒𝑠) 

With: 

d is day = 1 - 365 

t is hour = 1 – 48 (30 min timestep)  

Eimport = electricity imported from the grid 

p.import = price of the electricity imported (retailer/DSO price) 

PVexported = electricity exported to the grid 

p.export = price of the exported PV surplus (lower than the corresponding retailer price) 

(algorithm)= cost of the algorithm that shifts the load (pro quota) 

(administrative fees) = amount of the fees related to the management of the system (pro quota, not necessary) 

The cost of the algorithm and the administrative fees could coincide. 

(at a later time) pay for P2P mgmt

Algorithm pay for the algorithm

Storage pay for storage

DSO tariff

savings 

savings 

additional costs

savings

Savings should be higher than 

cost related to additional 

charges. 

Energy component > FiT or LCOE / < RTP 
Time of Use rate

saving

Monthly Bill variations (+) variations (-) NET RESULT

DSO tariff

saving

Additional charges

Administrative fees

net result: 

Algorithm

Storage

Network component



Once the optimization model is executed, a set of solutions is produced for each day of the year and each half-

hour period of each day of that year. 

Case b) with storage 

Objective function = minimize (electricity expenditure from the grid – revenues from the PV surplus + 

electricity battery charging cost – electricity revenues from battery + cost of storage + algorithm + 

administrative fees) 

 

= ∑(𝑑, 𝑡)(𝐸𝑖𝑚𝑝𝑜𝑟𝑡(𝑑,𝑡) ∗ 𝑝. 𝑖𝑚𝑝𝑜𝑟𝑡 − 𝑃𝑉𝑒𝑥𝑝𝑜𝑟𝑡𝑒𝑑(𝑑,𝑡) ∗ 𝑝. 𝑒𝑥𝑝𝑜𝑟𝑡 + 𝑃𝑐ℎ𝑎𝑟ℎ𝑒𝑔𝑟𝑖𝑑(𝑑,𝑡)
∗ 𝑝. 𝑐ℎ𝑎𝑟𝑔𝑒

− 𝑃𝑑𝑖𝑠𝑐ℎ𝑎𝑟𝑔𝑒(𝑑,𝑡) ∗ 𝑝. 𝑒𝑥𝑝𝑜𝑟𝑡 + 𝑝. 𝑠𝑡𝑜𝑟𝑎𝑔𝑒 +  (𝑎𝑙𝑔𝑜𝑟𝑖𝑡ℎ𝑚) + (𝑎𝑑𝑚𝑖𝑛𝑖𝑠𝑡𝑟𝑎𝑡𝑖𝑣𝑒 𝑓𝑒𝑒𝑠) 

 

With: 

d is day = 1 - 365 

t is hour = 1 – 48 (30 min time step) 

Eimport = electricity imported from the grid 

p.import = price of the electricity imported (retailer/DSO price) 

PVexported = electricity exported to the grid 

p.export = price of the exported PV surplus (lower than the corresponding retailer price) 

Pchargegrid = electricity necessary to charge the battery 

p.charge = price of the electricity for charging the battery (LCOE) 

Pdischarge = electricity exported from the battery to the grid 

p.storage = price of storage (es: pro quota of the LCOS without electricity cost – included in p.charge) or lease by 

DSO) 

(algorithm)= cost of the algorithm that shifts the load (pro quota) 

(administrative fees) = amount of the fees related to the management of the system (pro quota, not necessary) 

The prosumer bid offer for (p.export) the electricity surplus is then shaped on the following conditions: 

(without storage) 

LCOE < bid offer < retailer energy price  

(with storage) 

LCOS+LCOE < bid offer < retailer energy price 

Bid offers by local producers will be placed on the market via auction and the merit order defined after the 

local optimization process. Transaction will be settled using pre-payed token. 

The net result should be a reduced monthly expenditure, due to the positive difference between additional costs 

(algorithm, purchasing/rent of storage battery and, maybe in a second step, administrative fees) and savings 

(mainly related to the price difference between P2P rates and electricity current prices). The DSO could have 

higher profits in case of P2P market administrative management acting as central aggregator. In any case, the 

actual for each consumer/prosumer will depend on a) size and frequency of their trading involvement, b) the 

weight of administrative fees. 

With a load shifting – because of the presence of an algorithm, demand side management and/or storage 

facilities - there could be “smoothed” net grid consumption profile, with greater adherence between PV surplus 

and peak consumption. In this case, retailers could lower their purchase cost while DSO could improve grid 

optimisation; additionally, prosumers will have greater export potential and saving due to reduction in network 

charges. 



Key topics and policy suggestion to be discussed 

As anticipated, quantitative results concerning actual economic gains of the P2P consumption business model 

are related to on site test that are still running. Nevertheless, several proposals concerning the management of 

the market have been formulated. In general, they mainly deal with the following topics. 

Local electricity community versus local electricity market 

The creation of a real local energy community is crucial for its functioning and sustainability over time. 

Rules, duties and profitability – also intended in terms of cost savings – have to be aimed to increase 

cohesion between actors and the creation of a local social value.  

Minimal optimal size 

The optimal functioning of the market requires a minimum critical size essential to activate the trade and 

support the management of the market. The local community have to include both prosumers and 

consumers; in particular, the latter have to buy the volume of PV production surplus generated by 

prosumers.  

Investments in PVs 

Interesting questions deal with the relation between the actual savings/profits for consumers and 

prosumers as the exchanges increase and the effects on the volume and diffusion of PV investments. 

Recent literature [33 analyses the topics in case of ToU and inclining bock tariff price schemes finding 

that: 

Á At a low level of PV penetration, the P2P trading seems to be very profitable for solar PV customers, 

while non-PV customers receive only little benefits and would not buy a smart meter to join the 

market. As an alternative, community managers or aggregators could try to create additional 

incentives for non-PV to join the market, for example reducing margins or adopting some kind of 

profit sharing approach; 

Á Non-PV customers are substantially better off at a high PV penetration level; on the other hand, 

above the 50% of PV penetration, investment decision for investing in new solar PV is worse than 

it could be in the BaU scenario. 

New role for the DSO as trusted manager (and service provider) of the P2P market 

The DSO could also manages the storage facility. More precisely, the DSO could owns a central battery, 

linked to a pool of users that pay a rent/lease for its utilization. A stable storage capacity on Low Voltage 

(LV) grid that could be used as electric buffer for peak shaving. 

Pooled investment and profit sharing 

Investment concerning the P2P system maintenance are financed by the DSO then charged on market 

participant through a fee on each kWh traded/consumed. On the other hand, at the end of each year, overall 

profits, calculated as the difference between the P2P prices and the corresponding retail ones, could be 

partially redistributed to the community participants. Penalties in case of exit from the P2P could be 

defined.  

Key role of network charges:  

- The LCOE for residential customers, with and without public subsidies, is usually higher than electricity 

spot market. Because of this, a key role in the activation of the P2P market (the price for each kWh should 

be higher than the LCOE and lower than the retail one) is clearly depending on network tariffs. 

- The P2P market reduces the network stress; therefore, a partial discount/reduction of TSO and DSO 

charges, according to the market actors’ consumption and load profile, should be considered. In case of 

capacity tariffs, the reduction could be related to the peak load lowering, while for volumetric tariffs 

reductions should be shaped on the actual lowering of purchases from the DSOs/retailer. For the 

distribution charges, a partial exemption could be allowed in presence of self-consumption, while for P2P 

transactions charges could be related to the actual use of the grid with a “corrective” such as, for example, 

a tariff limited to proportional grid injection with a mark-up to provide support to network infrastructure. 

To counterbalance this approach, “punitive” higher network tariffs could be adopted if decentralized 



producers boost their electricity grid injection (above a certain threshold) or if the load utilizes the power 

originating from the grid. As an alternative, voltage tariffs could be considered. 

In a further step, network tariffs should be also reshaped considering potential environmental benefits due 

to lowering network stress. Positive externalities could be roughly calculated as the net present value of 

the volume of the reduced investments.  

This should be true also for onsite self-consumption that should, theoretically, be totally network charges 

free. This total exemption could clearly determine negative effects on remaining consumers, bearing ah 

higher incidence of the network cost; a more shaded solution should be adopted, such as the exemption 

from the variable component of the total network costs.  

In a “high penetration” DER scenario, the definition of an appropriate and detailed charging framework 

for network access represents an important key pillar for the exploitation of P2P market. In any case, we 

have to keep in mind that: i) a (partial) exemption of P2P users from network charges would impact on 

the overall functioning of the services, at least at the beginning, when advantages in terms of reduced 

peak capacity and investments are still not really perceptible; ii) tariffs specificities between European 

countries would call for much more tailored solutions. 

Not only electricity but energy local demand as a whole: 

Due to the composition of the energy consumption – 1/3 electricity, 1/3 heat and 1/3 mobility – an 

interesting solution could be to integrate heat facilities and electric vehicles into the system. This will 

permit to increase the exploitation of potential advantages of such a market. In other words, the overall 

goal should the minimization of the energy bill.  

Flexibility as a source of value (but pay attention to reliability)  

The P2P community, through its central aggregator, could plays a potential, interesting role of flexibility 

supplier, mainly to the DSOs or the aggregators and, through its intermediation, to the TSOs. 

Decentralized producers could be an active part of the flexibility market, contributing to an increase in 

the overall security of supply and consumption and production optimization.  In this scenario, the 

coordination between multiple actors and the corresponding risk minimization will play a key role: it 

should be clear that risks, responsibilities and rewards should be allocated appropriately between 

individuals, enterprises and public entities. Storage will contribute to the system stabilization. 
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