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Abstract: The deregulated markets have replaced the traditional way of trading electricity from the 

producers to the consumer, via government-owned organizations and regulated tariffs. Nowadays, 

electricity prices are determined by the offer-demand mechanism and consumers can negotiate 

tariffs with their supplier of choice. For classic wholesale suppliers, the tariffs are a result of the 

transactions performed on the wholesale market and the energy mix available in certain 

geographical regions. In parallel with becoming eligible and participating in retail electricity 

markets, the consumers use increasingly local generation sources based mostly on renewable energy 

technologies such as PV panels, and become prosumers. They want to be able to sell back to the 

market the generation surplus, in order to obtain the maximum benefits from their initial 

investment. Currently, several trading mechanisms for prosumers are available, ranging from the 

simplest, selling back the surplus to an aggregator at fixed tariffs, to more complex market schemes. 

This paper proposed a two-tier local market model for prosumers and consumers connected in 

microgrids, based on the blockchain technologies and other technologies and concepts such as 

remote sensing, smart grids, crowdsourcing and energy poverty. 

Keywords: local electricity market, smart grids, distributed generation, prosumers, blockchain, 

energy poverty, market diversity. 

 

1. Introduction 

The European Commission's strategic framework envisages an improved and modernized 

European energy market, aimed at creating secure, sustainable, accessible, and decentralized energy 

networks in response to the global challenge of greenhouse gas emissions [1]. In the context of the 

next generation of digital energy networks, and in the presence of multiple decentralized microgrids, 

managing the energy generation from various and complementary sources will result in gaining 

more flexibility in meeting demand and lowering costs for the community. The adoption of a 

decentralized electricity distribution network, in which ordinary consumers can also be energy 

producers, named ‘prosumers’, and can sell their surplus generation to the network, thus getting 

involved in market transactions inside a community represents an alternative to current traditional 

networks. It is estimated that an increasing number of end-users will want to become active in the 

electricity sector, which will lead to a large number of transactions. A possible tool for enabling the 

creation of such microgrid-level markets is the blockchain technology which could provide secure 

and reliable means of communication and data management between the end-users [2].  

The blockchain technology was created as a solution to the problem of mistrust and data 

security. The first steps in the development of technology were taken in 1991, when Stuart Haber and 

W. Scott Stornetta first spoke about a cryptographically secure blockchain [3]. In 1993, together with 
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Dave Bayer, they integrated optimal Merkel type trees in the concept [4]. Following the financial crisis 

of 2008, the concept of blockchain as a distributed database was developed, proposing a solution to 

change the way monetary transactions are carried out through various financial institutions. With 

the help of a peer-to-peer network and a distributed data server, a blockchain database can be 

autonomous [5]. 

In the recent years, billions of dollars have been invested in research on the blockchain 

technology in an attempt to make the most of its potential and understand how appropriate it is in 

the different economic domains [6]. But not all domains are fully ready to assimilate the blockchain 

technology. In each particular case, the current technological opportunities must be analyzed, as well 

as the challenges that the end-users face and how a new decentralized architecture could create value 

for them. The electricity industry is an extremely suitable candidate for blockchain technology-based 

innovation, with its complex supply chain with a need for increased transparency and improved data 

management and its highly transactional trading market that would benefit from fast settlement. The 

transparency and immutability of the blockchain can empower end-users of this industry and 

consumers.  

A blockchain represents a decentralized ledger of transactions that take place in a network. This 

network consists of nodes owned by independent entities that use a cryptographic protocol to 

validate the transactions that are entered in the ledger and to ensure that the entered data cannot be 

altered or changed. It is immutable, secure, and completely transparent. Fully decentralized and 

replicated to node level, blockchain networks are harder to penetrate and manipulate by dangerous 

entities. 

The blockchain system, coupled with other innovative technologies such as smart grids, big data 

mining and remote sensing, has the potential to provide solutions to various challenges in the energy 

sector and to contribute to the achievement of energy efficiency objectives, including to compensate 

for the funding gap for various projects in the field [7]. The technologies regarding blockchain-based 

platforms will lead to fundamental changes that will require the involvement of the distribution and 

supply companies, manufacturers of equipment, regulators, and last but not least end-users. 

A review of renewable and sustainable energy published in [6] provides a systematic analysis 

of more than 140 blockchain research projects and startups in the energy sector, which span countries 

around the world. The electricity sector has a high potential to implement the blockchain technology 

as part of addressing several challenges [7], [8], [11], [12]:  

• The climate change. The need to integrate renewable energy sources has led to the development 

of technologies such as photovoltaic panels and wind turbines, whose costs are constantly 

decreasing. The consumers that choose to install such generation sources become prosumers, 

which present a challenge for the current structure of electricity networks. They can create 

technical difficulties for the Distribution Network Operators (DNOs) in ensuring the energy 

balance. However, electricity generation at the household level (classically with PV panels on 

the roof) is a great opportunity for the development of blockchain technology-based 

architectures, because it capitalizes on the distributed nature of electricity generation with 

unprecedented efficiency. 

• The development of technologies that allow the transition to active distribution networks. The 

technological solutions refer to the communications and networking components, inverters, 

bidirectional smart metering systems, energy storage solutions. This evolution allows greater 

control at network level. Electricity becomes a controllable, storable, and easily quantifiable 

product, being suitable for trading through smart contracts. 

• The creation of energy communities managed by local energy production cooperatives formed 

by community members. The microgrids which integrate the blockchain technology can 

represent a solution for connecting the poorest consumers to cleaner and cheaper energy, but 

also for energy savings and more responsible and accessible consumption. In some EU member 

states, REScoop cooperatives have explicitly set social goals, such as reducing energy poverty. 

They meet those objectives by developing solidarity schemes aimed at lowering the energy bills 

of vulnerable members, providing them with services and training in reducing consumption. 
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They also use the gains from RES energy generation to increase the living standards of 

vulnerable and low-income households. 

• Simplifying the architecture of the current trading models. The implementation of a blockchain-

based prosumer network leads to the elimination of a large number of intermediaries in the 

electricity trading process. 

Among the technical advantages of this technology can be underlined the following: better 

management of power generation, fewer hours of supply interruption, secure energy transactions, 

increased distributed generation. The main economic advantages refer to protecting the identities of 

the traders, creating a distributed economy, reducing the tax burdens, data protection and control, 

and compensation for producers [12], [13]. 

Another concept that can be associated to local electricity trading in microgrids is the mitigation 

of energy poverty. ‘Energy poverty’ can be understood as the lack of access to clean, renewable, 

affordable energy, which leads to staggering energy bills [14]. It lies at the intersection of energy and 

social issues, as three interconnected causes are at play: high energy prices, reduced or stagnating 

incomes, and leaky, inefficient homes in urgent need of renovations. 

The mitigation of energy poverty can be achieved using crowdsourcing, a concept first 

introduced in 2005 by James Surowiecki [15]. that can be defined as an emerging trend that utilizes 

contributions from peers and the collective wisdom of the crowd. It is important to build a service-

based approach to make these crowdsourced sensor cloud data available. This can also be an effective 

means to enable the crowd to provide a service in a community within a geographical area by using 

their smart meters [16]. 

In Romania, according to Order 228 / 28.12.2018 published by ANRE (Regulation National 

Agency in the Energy Domain), the prosumers can trade the energy produced from renewable 

sources such as photovoltaic (PV), biomass, wind, cogeneration on the free market. Specifically, the 

suppliers are bound to buy the electricity generated by prosumers at the weighted average day-ahead 

market price from the previous year [17]. While the prosumer can sell its electricity generation 

surplus, the advantage for the supplier is the exemption from the payment of the distribution 

network tariff. This trading system is the most basic, limiting the options of both parties, prosumers 

who want to sell and consumers who want to buy electricity at lower prices [18]. More advanced 

trading models should be considered to increase the benefits of the prosumers and consumers which 

trade electricity in a local market organized at microgrid or community level. 

Usually, in classic wholesale electricity markets, electricity is traded using bilateral contracts 

with negotiated prices, for long periods (years, months, weeks). This trading manner helps to reduce 

the prices for the buyers, and provides stability and predictability for the producers. For shorter 

trading intervals, in the day-ahead and intraday markets, the merit order mechanism is preferred, 

which ensures maximum benefits for producers when the demand is high and can lead for higher 

prices for suppliers and end-users. 

On the other hand, the electricity quantities traded in local grids by prosumers are much smaller, 

and the trading intervals need to be smaller, because of renewable generation uncertainty. At the 

same time, the generation from prosumers needs to be incentivized, to promote the proliferation of 

renewable electricity. Thus, a market model for microgrids shod take into consideration creating 

advantages simultaneously for prosumers and consumers.  

In this regard, the paper presents a new trading approach for prosumers that uses the blockchain 

technology for creating a local market at microgrid level, remote sensing information for consumer 

buy offers, and the energy crowdsourcing concept for energy poverty mitigation. The proposed 

model considers for this purpose the diversification of the trading methods and settlement 

procedures used in the local market, in order to provide a flexible tool that can be adapted to specific 

microgrid conditions and rules agreed at community level. The proposed alternatives are tested in a 

case study performed on a real low voltage (LV) distribution network with microgrid characteristics, 

in order to demonstrate the effects of the chosen trading rules on the profits achieved by prosumers 

and consumers. 
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The remainder of the paper is structured as follows. Section 2 presents a literature review on the 

proposed problem highlighting the advantages of the proposed methodology. Section 3 describes the 

proposed algorithm. In section 4, a case study is performed, with a comparison between the proposed 

trading strategies, outlining their particularities. The paper ends with discussions and references. 

2. Literature review 

Recent studies have considered combining the operation of small-scale renewable energy 

sources (SSRES) in distribution networks and deregulated electricity markets. The range of these 

researches is covering unit commitment [19] and economic dispatch problems [20] in addition to 

scheduling of SSRES [21], and the uncertainty of renewable generation [22]. The main trends and 

approaches currently described in the literature are shortly summarized in the following paragraphs.  

As it was presented in the introduction section, in Europe there are currently over 3400 green 

energy cooperatives (REScoop). In accordance with [23-26], the REScoop notion is defined in EU 

directives, as "local energy communities", according to data from the Federation of Green Energy 

Cooperatives in Europe. More than one million European citizens are participating in REScoops to 

invest together in the energy transition from fossil fuels to clean energy and energy efficiency. In 

Romania, starting in 2020, the first established REScoop proposes that future members who generate 

energy (prosumers) will be able to sell the surplus to other members, rather than to an aggregator, 

following the concept of ‘prosumer-friendly’ [27]. 

In another perspective, paper [28] considers a P2P energy trading method using a private 

Ethereum blockchain ledger where all bids are encrypted and peer matching is done on the encrypted 

offers by a functional encryption-based contract. 

Regarding the energy crowdsourcing in prosumer-enabled electrical networks, a small number 

of published papers is available in the literature [16, 29]. The existing studies consider a two-stage 

algorithm for minimizing the cost of generation and the Joule losses by rescheduling users’ shapeable 

loads and SSRES ahead of time.  

In other works, a particular local energy market model was considered in [30], that integrates 

different P2P energy trading platforms based on unidirectional market clearing price (MCP) for a 

microgrid. Moreover, the settlement type considers an MCP or P2P mechanism, in order to 

characterize the autonomous and interactive entities of local microgrids. 

The future active distribution network (ADN) is a P2P community based on active energy agent 

(AEA) users [31]. The maximization of social welfare in the prosumers trading using auction-based 

mechanism is used in [32]. The same first author considers that in a microgrid the energy flows in a 

transactive way and the transactions are based on bilateral contracts between peers [33]. Another 

concept of prosumer surplus trading based on the transactive energy concept is proposed in the 

literature [34-37]. Paper [34] uses a Stackelberg game-based method for solving the transactive energy 

problem, in which the DNO and the SSRES aggregators are able to participate simultaneously in the 

Local Electricity Market (LEM) and Wholesale Electricity Market (WEM). A comprehensive cost-

benefit model for prosumer load sharing has been proposed in [35], using the game theory and 

considering non-cooperative game models of the microgrids for prosumers energy surplus. In the 

same context, a particular social welfare-based concept on transactive energy or demand response 

(DR) is applied in [36, 37] using negotiated prices. 

Another way to trade surplus is the DR programs, when the LEM operators play a vital role in 

managing the exchange of data, to ensure the notification flow between balancing authorities, service 

companies and end-users. First, the microgrid operator assesses the electricity consumption patterns 

based on the structure of variable electricity tariffs and prices to establish trading plans. They also 

sign bilateral P2P contracts with end-users to take direct control of specific energy assets [38]. This 

information is aggregated to create commitment portfolios - load reduction schedules that are 

provided to network operators in exchange for compensation commensurate with the size of the 

capacity involved [39]. In the event of a system emergency or demand, the DSO shall request the 

aggregator to reduce or increase a portion of the contracted portfolio. For this reason, the aggregator 
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receives additional compensation which can take the form of tariff reductions, incentive payments, 

and invoice credits. 

Using online platforms [40-46], the consumers can become prosumers, who create and distribute 

their own information about the energy generation. Some authors proposed a demurrage mechanism 

(DM) and Home Energy Management (HEM) for prosumers energy surplus in a LEM based on 

blockchain [41]. A particular P2P business model for 48 residential prosumers with PV panels 

installed in a Swedish village is proposed in [42]. This article identifies some new potential 

opportunities for optimizing the LEM and its variables for the best gain, taking into account that a 

significant influence is represented by the integration of energy demand, generation supply, and 

LEM rules. The aforementioned study can be used to provide information for policymakers to create 

a fair, useful, and cost-effective P2P energy framework for prosumers. Another comprehensive 

platform for prosumers digitalization was recommended in [43], and market simulations are 

developed in [44, 45] for consumers integration in microgrids. In the same manner, a virtual platform 

was proposed in [46] for an efficient management of multiple energy prosumers (MEP). 

The presence of decentralized energy sources demands the analysis of the problem of continuity 

of energy supply to operators whose activities significantly depend on electricity. There are EU 

countries where the power outages amount to about 20 minutes per year, but in other cases the 

average power outages range from 450 to 500 minutes [47]. Prosumers' micro-installations ensure the 

business continuity for producers in such countries and negotiated surplus trading increases social 

welfare [48]. Because the SSRES efficiency depends on atmospheric conditions and regional climate, 

even small and fast changes in meteorological conditions can cause significant variability in power 

generation at different time and space scales. Methodologies based on the remote sensing of the 

atmospheric conditions are the primary source of information for the development of numerical 

models that aim at supporting the planning and operation of an electric system with a substantial 

contribution of intermittent energy sources [49]. For local trading of such electricity surplus, the LEM 

operators consider the blockchain concept [11, 12, 16, 28, 29, 40, 41, 48], or direct bilateral contracts 

[50, 51]. These market models aim to provide secure and affordable energy supply for the end user, 

which is essential for the functioning of an economy in which energy poverty is reduced and the 

needs of vulnerable social groups are taken into account [52].  

The main concepts taken from the literature and discussed above are compared with the market 

model proposed in the paper, in Table 1. In addition, the last column considers the type of settlement 

used in the market.  

Table 1. A comparative state of the art between the proposed method and the literature survey. 

Reference 

no. 
Blockchain 

P2P 

contracts 

Energy 

Crowdsourcing 
REScoop 

Energy 

Poverty 

Type of 

settlement 

[16], [29] Yes Yes Yes No No Negotiated 

[28] Yes Yes No Yes No Negotiated 

[24, 25], [44], [49] No No No Yes No Negotiated 

[26, 27] Yes No No Yes No Negotiated 

[30-32], [35], [38], 

[42] 
No Yes No No No 

Negotiated, 

MCP 

[33, 34], [36, 37], 

[43], [45] 
No No No No No Negotiated 

[39], [46], [50, 51], 

[54] 
No Yes No Yes No Negotiated 

[40, 41] Yes Yes No No No Negotiated 

[48] Yes No No No No Negotiated 

Proposed method Yes Yes Yes Yes Yes 
Negotiated, 

MCP 

Our vision is to enable an overlay social network of smart devices that facilitates communication 

and trading process between players from LEM, prosumers, consumers and microgrid. Indubitably 

in microgrid communities the peers might be from different geographical locations (and bounded by, 

for example, the DSO). However, they should share a common goal such as optimal energy 
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management taking into account that the solution with local energy storage systems (as is Battery 

Banks) too expensive [53, 54], and without technical possibility for energy poverty mitigation. 

3. Materials and Methods  

In LV electricity distribution networks or local microgrids, there is an increasingly larger number 

of residential consumers who are opting to install local generation resources in order to gain 

independence from the grid. The predominant choice is the use of PV panels systems, that are easier 

to install at household residences and provide energy by converting the solar irradiation into 

electricity. This trend is incentivized by the subsidies offered by governments worldwide. As the 

number of individual houses adopting this technology increases, new opportunities arise regarding 

the trading models used for selling the excess generation. Residences become prosumers, entities 

capable of consuming, producing and selling electricity. The prosumers will use their own generated 

electricity mainly to cover their individual consumption, and when the generation exceeds this 

amount, will sell the surplus back to the grid. As described in the introduction section, the simplest 

method of surplus trading is to sell back the entire available quantity back to the supplier, though an 

aggregator entity, at a regulated price. However, this is the least profitable approach, as the regulated 

prices are usually low [55], and the benefits can be seen only by the suppliers / network operators, 

and the prosumers. New trading methods for microgrids are currently envisioned in the literature, 

aiming to create local electricity markets that would provide benefits for all the players involved 

(aggregators, prosumers and consumers). A main requirement for implementing such initiatives is 

the conversion of the classic electricity distribution infrastructures into intelligent or smart grids, 

capable of real time communication between the supply and consumer buses, and centralized 

operation management and data processing at microgrid level. 

In line with these trends, previous research efforts by the authors [40] proposed an algorithm for 

electricity transactions at microgrid level between prosumers and consumers, using P2P contracts 

and the blockchain technology. The market mechanism considers trading priorities set at central level 

and based by consumer or prosumer prices, or custom priorities determined by the prosumer-

consumer geographical distances and the ‘first-come-first-served’ (FCFS) principle.  

This paper extends the previous research considering an improved and extended market model, 

with two trading phases (primary and secondary). The primary market includes the blockchain 

approach from [40] and adds a supplementary trading method, based on the merit order used in 

wholesale markets. These methods can be used as alternatives for trading. 

A second market segment, with two tiers, is proposed to help the prosumers and consumers to 

better manage the sell and buy offers that can be affected by errors. Crowdsourcing and Energy 

Poverty Mitigation are used for this purpose. 

The sell offers are the result of the surplus that the prosumers can generate but cannot use locally. 

The buy offers placed by the consumers in the local market are usually the result of forecasts made 

with variable precision. In the case of trading electricity obtained from PV panels, the forecasts must 

consider weather data obtained with technologies such as remote sensing and big data mining. Thus, 

the offers placed by the consumers in the market can be affected by errors which will result in 

mismatches between the needed and traded quantities.  

In the Romanian market model, when the electricity acquired from the local market would be 

less than the demand, the consumers would buy the rest at higher prices, from the national grid, and 

the generators are forced to sell any surplus to the aggregator, at a lower price. 

On the other hand, if trading is performed in a local market, when the consumers forecasts are 

higher than the actual demand, the buyers would be forced to sell the excess quantities to the 

aggregator, if sufficient and cheap storage facilities are not available. 

The newly proposed algorithm provides market mechanisms designed to alleviate these 

problems. 

The following general assumptions are used: 

• The prosumer and consumer selling and buying offers are managed by the local non-profit 

aggregator using two possible market mechanisms integrated in a blockchain trading system: 
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o A primary market based on the blockchain technology, for ensuring the anonymity 

and security of the placed orders. 

o A secondary market with a two-tier trading mechanism for minimizing the imbalance 

between the offers placed in the blockchain system and the actual traded quantities. 

• The primary market can use two alternative price-setting methods based on the blockchain 

technology: the ‘first-come-first-served’ (FCFS) method or the merit order method used in 

traditional day-ahead markets. 

• The secondary market provides two optional trading tiers: 

o The energy poverty mitigation tier, aimed at low-income consumers which otherwise 

would not afford to participate in the market. 

o The commercial tier, with two options, aimed for expanding the market through 

crowdsourcing, with two types of consumers: those participating occasionally, in 

exchange for a fee, and consumers who do not participate directly with offers, but are 

represented (invited) in the market by other consumers. 

• For the invite option of the commercial tier, any consumer Ci can acquire electricity from the 

second market layer only if has signed previously a P2P contract with a specific prosumer Pj. 

• The selling price of a prosumer or consumer can vary hourly, but in the paper is considered fixed 

for all trading intervals of a day. This approach is modelling the practice used for traditional 

differentiated tariffs where the peak and night prices are outside the hours when PV panels can 

generate electricity, and the case where 

• No storage capabilities are installed in the network. Electricity is sold on the market for the 

surplus intervals, and settlement is performed at the end of each trading interval. 

• If the local generation exceeds the local demand traded in the market, the surplus will be sold to 

the aggregator / market administrator, at regulated tariffs. 

• The secondary two-tier market components are optional, but the case study considers all the 

available options, in order to better demonstrate the advantages of the proposed trading 

algorithm. 

The basic flowchart of the algorithm is shown in Figure 1, followed by the description of each of 

its main elements. 

 

Figure 1. The basic diagram of the proposed market algorithm 

3.1. Input data for the local market 

The input data required for trading refers to the quantities and prices associated to the 

consumption and local generation existing in the market. This information is provided in six matrices: 

C = C (h, i) ∈ ℝnhxNCM, CO = CO (h, i) ∈ ℝnhxNCM and PCO = PCO (h, i) ∈ ℝnh×NCM for consumption quantity, 

offers and price offers, and G = G (h, j) ∈ ℝnh×NPM, GO = GO (h, j) ∈ ℝnh×NPM, PGO = PGO (h, j) ∈ ℝnh×NPM 
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for generation quantity, offers and price offers, where NCM and NPM are the number of consumers 

and prosumers participating at hour h in the market. It is considered that generally NCM<NC and 

NPM<NP, NC and NP being the number of consumers and prosumers connected in the microgrid. 

Trading in the primary market can occur at any hour h when there are consumer buying offers 

placed in the blockchain system (1), and there is generation surplus offered for selling (2). 

1

, 0
=


NCM

i

CO(h i)  (1) 

1

, 0
=


NPM

j

GO(h j)  (2) 

Surplus occurs when the local generation of a prosumer exceeds its individual consumption (3) 

and the surplus is traded in the market (4). 

, , , , 1..=S(h j)= G(h j)-C(h j) j NPM  (3) 

, ,S(h j) OG(h j)  (4) 

The consumer quantity offers for the primary market use two types of representation:  

• as actual consumption value measured in [W], when the price is set according to the blockchain 

priority model, as in [40], 

• as a multiple of 100W for the price setting according to the day-ahead merit order model used 

in wholesale markets. 

The prosumers can choose to sell their surplus directly to the aggregator, for a fixed regulated 

tariff, or in the primary local market. In the paper, it is considered that all the available surplus is 

traded through sell offers placed in the market blockchain system. 

The secondary market is activated at any hour h when at least one of the following conditions is 

fulfilled: 

• The sum of the buy offers is lower than the aggregated offers placed by the prosumers, i.e. the 

prosumers need to sell remaining surplus: 

1 1= =

 
NCM NPM

i j

CO(h,i) GO(h, j)  (5) 

• The buy offer of a consumer i is greater than the actual consumption, because of the forecast 

error or representation model used in the market (multiple of 100 kW). 

, , , 1.. =CO(h i) TCO(h i) i NCM  (6) 

where TCO(h,i) is the quantity of electricity actually traded by the consumer i at hour h, which can be 

equal or less than the offer placed in the market. 

3.2. The primary market 

This market segment is the main trading tool for the prosumers and consumers in the microgrid. 

As outlined previously, two alternatives are provided for determining the consumer and prosumer 

trading priority: ‘first-come-first served’ and merit order. Both methods use the consumer (buy) and 

prosumer (sell) offers placed in a centralized secure and anonymous blockchain system established 

at microgrid or market level. The blockchain system is preferred because it guarantees trading 

fairness, all players being unaware of the offers placed by others, thus minimizing the risk of market 

manipulation. 

Another assumption used in the paper is that, by the means of an automated system comprising 

smart metering, two-way communication and continuous monitoring at the microgrid level, the 

algorithm has immediate access to measured and forecasted data at consumer and prosumer buses. 

For examining the possible effects on trading, two consumer offer mechanisms are considered: 
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• Consumers place in the market buy offers for the entire consumption at hour h, in order to 

minimize their electricity bill by attempting to buy the maximum quantity of electricity from the 

local market, al tower prices, rather than the main grid, at higher prices.  

• Consumers place in the market buy offers determined by forecast techniques using big data 

analysis or remote sensing techniques. 

The first type of offers is used in the FCFS trading method, where a generic consumer i places 

fixed-price-per-kWh and variable quantity offers, the trading order being determined by the time tag 

of the offer. The quantities for these offers are determined in the settlement phase, based on 

consumption measurements taken from the microgrid. The flowchart of this trading method is given 

in Figure 2.  

 

Figure 2. The basic diagram of the primary market ‘first-come-first-served’ trading mechanism 

The second type of offer is used in the merit order trading mechanism. The buy offer prices and 

quantities are placed in the blockchain system by the consumers before the trading interval. 

Quantities are given as multiples of 100 W and prices are given for each kWh. The trading order and 

price is determined by the standard merit order method, provided in Figure 3, where the trading 

price is determined as the market clearing price (MCP). The flowchart of this trading method is given 

in Figure 4. 

For both methods, the prosumer sell offers are given as the full available surplus S(i,h), in kWh. 

The maximum amount of traded electricity TC is determined by the minimum between the 

aggregated buy and sell offers: 

1 1

min ,
= =

 
=  

 
 
NCM NPM

i j

TC CO(h,i) GO(h, j)  (7) 

 

Figure 3. The merit order trading mechanism 

 

Figure 4. The basic diagram of the primary market merit order trading mechanism 

The settlement price of a transaction t made by a prosumer j or consumer i is given by the amount 

of traded electricity C(h,t) and its price P(h,t), determined by each transaction, TP(h,t), which can be 

different from the sell or buy offer price submitted by the players in the market, PCO(h,i), PGO(h,j). 
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, , ,TP(h t)= C(h t) P(h t)  (8) 

The basic flowchart of the primary market algorithm uses the steps presented in Figure 5. 

 

Figure 5. The flowchart of the primary market trading algorithm 

The trading mechanisms used in the primary market can lead to electricity quantities that cannot 

be traded locally. Three scenarios can lead to this situation: 

• At given hours, the total local generation available in the market (sell offers) exceed the total 

consumption (buy offers).  

• If the merit order method is used, the buy offers are given as multiple of 100 W, while the sell 

offers are the S(h,i) quantities. This leads to S(h,i) fractions that cannot be fulfilled. 

• The consumers place in the market buy offers that exceed their real consumption, following 

forecast errors or significant accidental deviations from the daily demand pattern. 

All these quantities can amount to a important value over longer time periods. If they are not 

traded in the local market, the prosumers would sell surplus at minimum price to the aggregator, 

while the consumers would buy electricity at standard, high tariffs. 

The algorithm proposed in the paper offers the possibility of extending the primary market with 

a two-tier secondary market, in order to make prosumer and consumer surplus quantities available 

for trading in the local network. 

3.3. The secondary market – the energy poverty tier 

The local market is profitable mostly to consumers with high demand, which can better benefit 

for the energy cost reduction obtained from the price difference between the grid tariffs and the price 

offers per kWh offered by the local producers. These consumers are also usually those who have the 

financial resources to install the physical and software infrastructure required to access the market. 

On the other hand, amongst the consumers connected in a microgrid can exist a number of low-

income consumers, who in traditional networks would be classified as belonging to vulnerable 

categories and suffer from energy poverty. The paper proposes an optional secondary market tier in 

which the surplus that cannot be traded in the primary market would be automatically allocated in 

the initial settlement phase (see Figure 1) to such vulnerable consumers who, in normal conditions, 

would not be able to access the local market. 

The surplus can come from both prosumers and consumers, as summarized in the previous 

subsection. In all the cases, the electricity quantities will result from the mismatch between the 

quantities offered for trading (higher) – CO(h,i) or GO(h,j) – and actual traded quantity, determined 

by the existing (lower) generation availability TC(h,j) or realized consumption TC(h,i): 

,

,

TC(h,i)= CO(h,i)-TC(h,i), i = 1...NCM for consumers

TC(h, j)= GO(h, j)-TC(h, j), j = 1...NPM for prosumers
 (9) 

Thus, consumers that were buyers in the primary market can act as sellers in the secondary 

market, together with the prosumers. 

The quantities sold to vulnerable consumers in the secondary market are determined using the 

merit order method where the buyers’ prices are set as 0 mu/kWh (mu is the monetary units) and the 

quantities are ranked in descending order. The cost for traded kWh can be set using as reference the 

price obtained by the seller in the primary market, the original price offer placed by the seller in the 

primary market or an agreed fixed tariff, according to the policy agreed in the local market. 

This trading scheme offers two benefits. The vulnerable consumers from the microgrid will see 

social welfare increase by the reduction of their electricity bill, which will be proportional with their 

consumption in the trading hours interval and the market price. On the other hand, the prosumers 

with remaining generation surplus and the consumers which have surplus to sell after the initial 
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settlement of the primary market can sell electricity at higher prices than the tariff used by the 

aggregator. 

The flowchart of the first tier of the secondary market is presented in Figure 6.  

 

 

Figure 6. The flowchart of the social inclusion tier of the secondary market 

Since the demand of the vulnerable consumers selected for the energy poverty tier is expected 

to be low, the remaining surplus after the settlement of the first tier can be further traded in a second 

tier, reserved for commercial trading. 

3.4. The secondary market – the commercial tier 

The commercial tier of the secondary market is designed to incentivize market diversity by 

allowing other consumers to participate in trading. Several consumer categories are envisioned. Some 

consumers would not trade continuously and would seek only occasional access to the market, 

buying the local generation surplus to supply automated receptors such as greenhouse irrigation 

systems in given hours of preset days. Other types of occasional consumers could benefit from the 

price difference when trading on the local market, but the initial investment for the infrastructure 

required to get access to the market would be prohibitive. 

Two options are available in the algorithm for this trading segment: 

• Option 1: Fee-access.  

• Option 2: Invite-access. 

In the fee-access model, the consumers who need only occasionally access to the market can 

submit offers in the secondary market to gain priority access for the surplus remaining after the 

settlement of the primary market offers. The trading model considers the merit-order priority method 

described in Figure 5 for the primary market, but where the consumers offer to buy from the market 

their entire consumption measured in the trading interval, at the lowest price plus a fixed percent fee 

from the value of the transaction. The merit order is used to determine the succession in which the 

offers are fulfilled. The financial settlement is made using the MCP, the consumer or the prosumer 

price offers for all transactions, according to the market policy, and then a fee f% is added to the price 

resulting from the trading mechanism. 

( ), (1 )  +TP(h i)= C(h,i) PCO(h,i),PGO(h, j) or MCP(h) f%  (10) 

The basic flowchart of the fee-access secondary market model is presented in Figure 7. 

 

 

Figure 7. The flowchart of the secondary market fee-access model 

In the invite-access model, existing market players can act as subcontractors for other consumers 

from the microgrid. Certain prosumers or consumers can still have surplus quantities unsold after 

the previous settlement sessions have been completed. In order to avoid getting the lowest price per 

kWh from the market aggregator, they can optionally choose a partner from the microgrid to which 

the remaining quantities will be sold. The transactions are based on P2P contracts existing between 

the two entities and notified to the market administrator, which is responsible for the final settlement 

at market level. The settlement price is agreed between the parties, chosen from the vendor and buyer 

offers. 

The flowchart of the secondary market invite-access model is provided in Figure 8. 
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Figure 8. The flowchart of the secondary market invite-access model 

It should be noted that the secondary market models are optional and their order of activation 

can be changed, according to the priorities of a specific microgrid. Instances can exist where the 

energy poverty mitigation tier is absent or one or both segments of the secondary commercial tier are 

used. 

4. Results 

The new market was tested on a real low voltage (LV) electricity distribution network from 

Romania, with 28 buses and two four-wire three-phase bundled feeders, with an average distance 

between the connection points of 40 meters. The network supplies only single-phase residential 

consumers, some of which also have PV generation capabilities. The load and generation profiles 

used in the study are considered as daily 24-hour measured values, as provided from the smart 

metering infrastructure existing in the LV microgrid. The 24-hourly load profiles for the network 

buses are presented in Table A1 from Appendix A. 

Each bus, except bus 1, which is a branching point, has one residence connected. The prosumers 

are located at buses 3, 6, 7, 10, 15, 25 and 27, as shown in the one-line diagram from Figure 9. Their 

24-hour generation profiles were modeled using representative data for this type of generation and 

are provided in Appendix A, Table A2. The prosumers will use the generated electricity primarily 

for supplying their own hourly demand, and wish to sell the remaining surplus to the consumers 

participating in the local market set up at microgrid level and managed by a non-profit aggregator. 

From Table 2 and Figure 10, it is seen that generation occurs only in the 06:00 – 18.00 interval, when 

solar energy is available. The surplus is maximized in the 10:00 – 13:00 interval and minimized 

towards the evening time, when the peak load hours are near. 

 

 

Figure 9. The LV microgrid used in the case study 
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Table 2. The prosumers electricity surplus, in kWh. 

Hour P27 P21 P7 P15 P6 P3 P10 P25 Total 

h6 0.000 1.588 0.000 1.948 0.000 1.208 2.496 3.052 10.292 

h7 0.000 1.805 0.263 1.585 0.000 1.806 2.616 3.487 11.562 

h8 0.668 1.726 0.704 1.586 0.000 2.879 0.714 3.826 12.103 

h9 1.437 1.749 1.056 2.228 0.741 2.836 1.279 3.956 15.282 

h10 1.607 2.292 1.093 1.302 1.116 3.251 2.794 4.232 17.687 

h11 1.655 2.038 1.400 2.775 1.886 3.372 0.000 4.175 17.301 

h12 1.595 1.822 1.225 1.880 2.328 3.392 0.980 4.060 17.282 

h13 1.508 0.685 1.413 2.826 2.294 3.462 0.826 4.240 17.254 

h14 1.372 1.182 1.385 2.945 1.347 3.178 0.000 4.214 15.623 

h15 1.106 2.028 1.048 1.546 1.184 2.331 0.000 3.702 12.945 

h16 0.563 0.819 0.410 1.325 0.000 2.133 0.000 3.209 8.459 

h17 0.000 0.000 0.000 1.062 0.000 1.134 0.046 2.877 5.119 

h18 0.000 1.170 0.000 1.161 0.000 1.221 0.914 2.599 7.065 

Total 11.511 18.904 9.997 24.169 10.896 32.203 12.665 47.629 167.974 

 

 
(a) 

 
(b) 

Figure 10. The total electricity surplus: (a) hourly; (b) for each prosumer. 

4.1. The primary market 

From the 27 consumers existing in the microgrid, the case study considers that only 11 are 

participating in the primary market as buyers (from buses 5, 8, 9, 11, 12, 14, 16, 19, 20, 24, 26), chosen 

mainly between the residences with high daily electricity demand. For each hour h, they can submit 

to the market two type of offers regarding the traded quantity: the entire hourly demand and 

forecasted values, multiple of 100 kW, as discussed in Section 3.2. For the forecasted offers, the values 

used in the case study are given in Table A3 from Appendix A, and in Figure 11, only for the hour 

intervals where prosumer generation exists. 

The sellers that place offers in the primary market are the prosumers with generation surplus. It 

is considered that they wish to sell the entire surplus on the market, to maximize their revenue. The 

quantities offered, derived from Tables A1 and A2, are presented in Table 2 and Figure 10, where it 

can be seen that surplus exists for trading in all hourly intervals from 06:00 to 18:00, but there are 

prosumers who cannot trade electricity at some hours (for example, P27 or P6). 

For all quantity offers, the consumers and the prosumers must also provide in the blockchain 

system of the primary market the desired price offers, which are given in Tables A4 and A5 from 

Appendix A. These values were set between 0.39 and 0.6 mu/kWh for consumers, and in the 0-4-0.55 

mu/kWh range for prosumers. The higher maximum prices for consumers were chosen taking into 

account the merit order method, where the offers with the highest prices are prioritized. Also, both 

the prosumers’ and consumers’ price offers were set higher than the regulated tariff, to incentivize 

the trading in the local market. 
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In the absence of the local market, the total electricity surplus quantity (167.97 kWh) would be 

traded by the aggregator back in the grid, at a regulated tariff. Using the reference value of 0.251 

mu/kWh applied in Romania [56, 57], the total revenue of the prosumers would be of 42.16 mu/day. 

For demonstrating the advantages and disadvantages of each trading priority method used in 

the market, FCFS and MO, the case study results are be provided as comparisons between these 

alternatives. 

As it can be seen from Figure 11, there are hours when the MO offers differ from the total 

demand used in the FCFS offers. This can happen because of two reasons: the forecast error and the 

standardized offer type (multiple of 100 W) used by the MO method. On the other hand, the offers 

placed by the consumers in the market are identical for both trading methods, and equal to the 

available surplus (Figure 10), because one of the main objectives of the local market is to enable 

prosumers to sell the entire surplus locally, and offers given as multiples of 100 W would impede in 

achieving this goal. 

 

 
(a)  

 
(b) 

Figure 11. The buyer quantity offers in the primary market: (a) hourly; (b) for each consumer  

The traded quantities and revenues / costs for each prosumer / consumer and hourly interval are 

given in Figures 12-13 and Tables 3-6. 

 

 
(a) 

 
(b) 

Figure 12. The traded quantities of the sellers in the primary market: (a) hourly; (b) for each prosumer 

 
(a) 

 
(b) 

Figure 13. The traded quantities of the buyers in the primary market: (a) hourly; (b) for each consumer 
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Table 3. The daily offer, traded and remaining quantities for each buyer in the primary market, kWh 

Consumer C5 C8 C9 C11 C12 C14 C16 C19 C20 C24 C26 Total 

Consumption 

(offers FCFS) 
21.25 24.44 30.70 18.96 8.79 20.92 23.84 4.08 12.90 25.27 12.26 203.41 

offers MO  23.2 25.30 30.9 16.50 9.30 20.80 23.8 4.10 11.80 25.20 12.50 203.40 

traded FCFS 17.32 20.29 25.07 15.33 6.04 13.20 16.54 3.08 9.05 21.04 9.44 156.40 

traded MO 12.55 25.30 26.42 10.30 4.85 20.80 16.36 1.40 7.40 24.02 4.70 154.10 

rem. FCFS 3.93 4.15 5.62 3.64 2.75 7.72 7.30 1.01 3.85 4.23 2.82 47.01 

rem. MO 10.65 0 4.48 6.20 4.45 0 7.44 2.70 4.40 1.18 7.80 49.30 

Table 4. The hourly offer, traded and remaining quantities in the primary market for all buyers, kWh 

Hour h06 h07 h08 h09 h10 h11 h12 h13 h14 h15 h16 h17 h18 Total 

Consumption 

(offer FCFS) 
11.8 14.06 18.87 13.47 13.55 14.96 16.04 18.16 13.7 12.83 15.23 20.77 19.99 203.43 

offer MO 12.1 14.9 17.5 13.6 13.6 14.7 13.6 18.3 13.8 14 15.8 20.5 21 203.40 

traded FCFS 10.29 11.56 12.1 13.47 13.55 14.96 16.04 17.25 13.7 12.83 8.46 5.12 7.07 156.40 

traded MO 10.29 11.56 12.1 13.6 13.6 14.7 13.6 17.25 13.8 12.95 8.46 5.12 7.07 154.10 

rem. FCFS 1.51 2.5 6.77 0 0 0 0 0.91 0 0 6.77 15.65 12.92 47.03 

rem. MO 1.81 3.34 5.40 0 0 0 0 1.05 0 1.05 7.34 15.38 13.93 49.30 

Table 5. The daily offer, traded and remaining quantities for each seller in the primary market, kWh 

Prosumer P27 P21 P7 P15 P6 P3 P10 P25 Total 

surplus 11.51 18.90 10.00 24.17 10.90 32.20 12.67 47.63 167.97 

traded FCFS 11.51 17.72 9.88 22.87 8.92 25.20 12.67 47.63 156.40 

traded MO 11.51 9.89 10.00 19.80 10.90 31.71 12.67 47.63 154.10 

rem. FCFS 0 1.18 0.11 1.30 1.98 7.00 0 0 11.58 

rem. MO 0 9.02 0 4.37 0 0.49 0 0 13.88 

Table 6. The hourly offer, traded and remaining quantities in the primary market, for all sellers, kWh 

Hour h06 h07 h08 h09 h10 h11 h12 h13 h14 h15 h16 h17 h18 Total 

Surplus 10.29 11.56 12.10 15.28 17.69 17.30 17.28 17.25 15.62 12.95 8.46 5.12 7.07 167.97 

traded FCFS 10.29 11.56 12.10 13.47 13.55 14.96 16.04 17.25 13.70 12.83 8.46 5.12 7.07 156.40 

traded MO 10.29 11.56 12.10 13.60 13.60 14.70 13.60 17.25 13.80 12.95 8.46 5.12 7.07 154.10 

rem. FCFS 0 0 0 1.82 4.14 2.35 1.24 0 1.92 0.11 0 0 0 11.58 

rem. MO 0 0 0 1.68 4.09 2.60 3.68 0 1.82 0 0 0 0 13.88 

 

The data from Tables 3-6 shows some interesting results regarding the hourly and daily offers 

and traded quantities, for the consumers and prosumers. 

The local generation surplus (167.97 kW) is insufficient to supply all the consumer needs (203.43 

kWh). From Table 3, it is seen that, for the chosen consumption, local generation and primary market 

offers, when using the FCFS trading priority, the consumers can trade quantities lower than their 

consumption, and will need to buy the rest from the grid, at higher tariffs. If the MO trading priority 

is used, Table 4 shows that the hourly buy offers placed by the consumers are usually not fully 

fulfilled, but the traded quantities exceed the consumption.; This lead to surplus at the consumers, 

which will be traded to the grid, at regulated tariffs, or sold in the secondary market. 

For prosumers, there are trading intervals where the surplus exceeds the traded prosumer offer 

and traded consumer quantities, which are equal (for example, at h11, as seen from Tables 4 and 6). 

This suggests that the prosumer will not be able to sell its entire surplus because of lack of demand. 

Also, applying the FCFS and MO trading priorities in fulfilling the market offers has different effects 

on the traded quantities, both hourly and for individual prosumers or consumers. If the FCFS trading 

priority is used, the total quantity traded by the prosumers is larger (Table 5), because the prosumer 
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surplus offers can be matched more closely by the consumer offers. This means that if the MO trading 

priority is used, it is expected to have more surplus unsold to the local consumers, thus reducing the 

profitability of the prosumers. In this case, they would have to sell extra surplus to the grid, in 

exchange for the regulated tariff, which is lower than the local consumer offers. As it can be seen from 

Table 6, the generation surplus remaining after the primary market is concentrated in the 09:00 – 14:00 

interval, while the evening and morning intervals see the highest deficit in local generation (Table 4). 

The profitability of the FCFS and MO trading priorities can be assessed from Figure 14 and 

Tables 7-8 for the buyers and Figure 15 and Tables 9-10 for the sellers. The market model offers the 

possibility of performing financial settlement in three assumptions for the prices: using the market 

clearing price (MCP), the consumer offers (COP) and the prosumer offers (POP), because different 

 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

Figure 14. The primary market cost for buyers: (a) The hourly values, FCFS; (b) The values for each 

consumer, FCFS; (c) The hourly values, MO; (d) The values for each consumer, MO. 

Table 7. The daily cost for each buyer in the primary market, mu 

Consumers C5 C8 C9 C11 C12 C14 C16 C19 C20 C24 C26 Total 

F
C

F
S

 MCP 8.28 9.23 11.30 6.96 2.70 5.87 7.59 1.36 4.00 9.42 4.39 71.11 

COP 7.80 12.17 13.79 7.97 2.90 7.92 8.10 1.20 4.98 11.99 4.72 83.54 

POP 8.28 9.23 11.30 6.96 2.70 5.87 7.59 1.36 4.00 9.42 4.39 71.11 

M
O

 MCP 6.40 13.15 13.91 5.44 2.47 10.89 8.49 0.68 3.94 12.53 2.46 80.36 

COP 5.65 15.18 14.53 5.36 2.33 12.48 8.01 0.55 4.07 13.69 2.35 84.20 

POP 6.03 10.52 11.79 4.80 2.34 9.00 7.91 0.67 3.41 10.56 2.25 69.28 

Table 8. The hourly cost in the primary market for all buyers, mu 

Consumers h06 h07 h08 h09 h10 h11 h12 h13 h14 h15 h16 h17 h18 Total 

F
C

F
S

 MCP 4.74 5.31 5.58 6.11 6.06 6.81 7.30 7.73 6.12 5.90 3.87 2.30 3.28 71.11 

COP 5.60 6.33 6.21 7.20 7.35 7.84 8.51 9.12 7.51 7.06 4.42 2.61 3.79 83.54 

POP 4.74 5.31 5.58 6.11 6.06 6.81 7.30 7.73 6.12 5.90 3.87 2.30 3.28 71.11 

M
O

 MCP 5.66 6.36 6.66 7.48 6.39 7.06 6.53 9.49 6.62 7.12 4.65 2.46 3.89 80.36 

COP 5.66 6.43 6.60 7.28 7.33 7.68 7.26 9.13 7.53 7.18 4.90 3.05 4.15 84.20 

POP 4.74 5.31 5.58 6.04 5.90 6.52 5.94 7.73 6.13 5.95 3.87 2.30 3.28 69.28 
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(a) 

 
(b) 

 
(c) 

 
(d) 

Figure 15. The primary market revenue for sellers: (a) The hourly values, FCFS; (b) The values for 

each prosumer, FCFS; (c) The hourly values, MO; (d) The values for each prosumer, MO. 

Table 9. The daily revenue for each seller in the primary market, mu 

Prosumers P27 P21 P7 P15 P6 P3 P10 P25 Total 

F
C

F
S

 MCP 4.95 9.75 3.95 10.98 3.83 11.85 5.32 20.48 71.11 

COP 6.02 9.04 5.15 11.86 4.74 13.95 7.04 25.74 83.54 

POP 4.95 9.75 3.95 10.98 3.83 11.85 5.32 20.48 71.11 

M
O

 MCP 5.88 5.44 5.13 10.50 5.51 16.44 6.67 24.78 80.36 

COP 6.11 4.98 6.00 9.80 5.90 16.25 7.54 27.61 84.20 

POP 4.95 5.44 4.00 9.51 4.69 14.90 5.32 20.48 69.28 

Table 10. The hourly revenue in the primary market for all sellers, mu 

Prosumers h06 h07 h08 h09 h10 h11 h12 h13 h14 h15 h16 h17 h18 total 

F
C

F
S

 MCP 4.74 5.31 5.58 6.11 6.06 6.81 7.30 7.73 6.12 5.90 3.87 2.30 3.28 71.11 

COP 5.60 6.33 6.21 7.20 7.35 7.84 8.51 9.12 7.51 7.06 4.42 2.61 3.79 83.54 

POP 4.74 5.31 5.58 6.11 6.06 6.81 7.30 7.73 6.12 5.90 3.87 2.30 3.28 71.11 

M
O

 MCP 5.66 6.36 6.66 7.48 6.39 7.06 6.53 9.49 6.62 7.12 4.65 2.46 3.89 80.36 

COP 5.66 6.43 6.60 7.28 7.33 7.68 7.26 9.13 7.53 7.18 4.90 3.05 4.15 84.20 

POP 4.74 5.31 5.58 6.04 5.90 6.52 5.94 7.73 6.13 5.95 3.87 2.30 3.28 69.28 

 

microgrids can pursue different objectives when establishing the local market. For example, using 

POP coupled with MO in the primary market can be an advantage for the buying consumers, who 

will buy electricity with lower prices from the local prosumers, instead of paying the standard 

residential tariff. Using the MCP favors the prosumers with lower prices. In generation surplus 

scenarios, they can sell electricity at a higher clearing price. Using the COP will be an advantage for 

the prosumers, which will be able to obtain settlement prices larger than their initial offers. 

The sellers/vendors with the highest cost/revenue can be considered as making the most profit, 

because quantities are bought by consumers at a price lower than the standard LV residential tariff, 

while the sell offers are settled by the vendors at a price higher than the resell tariff to the grid. 

For the scenario considered in the case study, Figures 14 and 15 show that the highest revenues 

are obtained by prosumers when the consumer offer prices (COP) are used for settlement. If the FCFS 
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trading priority is used, the MCP and POP settlements give the same results, because the 

methodology from [40] uses as settlement price the prosumer offers, and the MCP and POP trading 

priorities would result the same, as the buy offer price is not relevant and thus considered 0 um/kWh 

for all buyers. For the MO trading priority, the MCP settlement results in higher trading prices than 

POP, because the trading price for all sellers and buyers is determined by the price unrestricted merit 

order used in wholesale markets (Figure 3). 

As it can be seen from Tables 7-10, the players who get the most advantage from the local market 

are C8, C9, C24, the consumers without generation capability that have the highest demand, and P15, 

P3, P25, the prosumers with the largest daily surplus. 

4.2. The secondary market – the energy poverty mitigation tier 

The proposed local market model uses in the secondary market an optional energy poverty 

mitigation tier, designed to include a category of consumers that can usually will not be able to trade 

on the market because of their low income or other social vulnerabilities. The microgrid community 

can decide to assist these consumers by supporting the reduction of their electricity bill. The simplest 

way to achieve this goal is to automatically allocate the prosumer surplus available after the 

settlement of the primary market to cover the demand of such consumers. In the data used for the 

case study, a single consumer, C28, fulfills the requirements of a vulnerable consumer. As seen in  

Table A1, its total daily consumption amounts to 3.31 kWh, with 1.79 kWh in the 06:00 – 18:00 interval. 

Since the two trading priority methods (FCFS and MO) give in the primary market different 

results regarding the trading participants and quantities at each hour, a similar behavior is 

propagated in the secondary market. Thus, the trading results will be presented in the same manner 

as for the primary market, as a comparison between the cases in which the primary market uses the 

FCFS or the MO in determining the priorities of the traded quantities. It is considered that the 

secondary market uses the same price offers entered in the blockchain system for the primary market. 

According to the data from Tables 3 and 5, after the settlement of the primary market, prosumers 

P21, P7, P15, P6, P3, P25 have unsold surplus if the FCFS trading priority is used. No consumers can 

participate in the secondary market, because they cannot have surplus after trading. If the MO 

priority is used, the prosumers with available surplus are P21, P15, P3, and also there are consumers 

which have placed in the primary market offers exceeding their real consumption, and can become 

sellers on the secondary market (C5, C9, C11, C12, C16, C19, C20, C24, C26). The hours in which the 

sellers are having surplus after the primary market are presented in Appendix B, Table B1 and B2.  

The only entity buying in this market is C28, and its hourly buy offer match its entire 

consumption (See Table A1). However, these are total quantities, and each seller can trade different 

surplus quantities in each hour. This will lead to the necessity of prioritization of the sell offers, and 

subsequent settlement between C28 and possibly multiple sellers. The quantities traded hourly are 

presented in Appendix B, Table B3 and B4. The sell offers and traded quantities are given in Figures 

16 and 17. Tables 11-14 summarize the daily and hourly offers and quantities traded by buyers and 

sellers. 

 

 
(a) 

 
(b) 

Figure 16. The sell offers of the vendors in the energy poverty mitigation market: (a) hourly; (b) for 

each prosumer/consumer 
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(a) 

 
(b) 

Figure 17. The traded quantities of the vendors in the energy poverty mitigation market: (a) hourly; 

(b) for each prosumer 

Table 11. The daily traded quantities for consumer C28 in the energy poverty mitigation market, kWh 

Consumer C28 

Consumption (offers FCFS) 1.79 

offers MO  1.79 

traded FCFS 0.72 

traded MO 1.79 

rem. FCFS 1.07 

rem. MO 0 

Table 12. The hourly traded quantities in the poverty mitigation market for consumer C28, kWh 

Hour h06 h07 h08 h09 h10 h11 h12 h13 h14 h15 h16 h17 h18 Total 

Consumption  

(offer FCFS) 
0.19 0.14 0.15 0 0 0.08 0.51 0.06 0.02 0.24 0.09 0.08 0.23 1.79 

offer MO 0.19 0.14 0.15 0 0 0.08 0.51 0.06 0.02 0.24 0.09 0.08 0.23 1.79 

traded FCFS 0 0 0 0 0 0.08 0.51 0 0.02 0.11 0 0 0 0.72 

traded MO 0.19 0.14 0.15 0 0 0.08 0.51 0.06 0.02 0.24 0.09 0.08 0.23 1.79 

rem. FCFS 0.19 0.14 0.15 0 0 0 0 0.06 0 0.13 0.09 0.08 0.23 1.07 

rem. MO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Table 13. The daily traded quantities for each vendor in the energy poverty mitigation market, kWh 

Vendor P21 P7 P15 P6 P3 C5 C9 C11 C12 C16 C19 C20 C24 C26 Total 

surplus FCFS 1.18 0.11 1.30 1.98 7.00 0 0 0 0 0 0 0 0 0 11.58 

surplus MO 9.02 0 4.37 0 0.49 10.65 4.48 6.20 4.46 7.44 2.70 4.40 1.18 7.80 63.18 

traded FCFS 0 0.11 0 0.53 0.08 0 0 0 0 0 0 0 0 0 0.72 

traded MO 0 0 0.60 0 0.00 0 0 0 0 0 1.18 0 0 0 1.79 

rem. FCFS 1.18 0.00 1.30 1.45 6.92 0 0 0 0 0 0 0 0 0 10.86 

rem. MO 9.02 0.00 3.76 0 0.49 10.65 4.48 6.20 4.46 7.44 1.52 4.40 1.18 7.80 61.39 

Table 14. The hourly traded quantities in the energy poverty mitigation market for all vendors, kWh 

Hour h06 h07 h08 h09 h10 h11 h12 h13 h14 h15 h16 h17 h18 Total 

surplus FCFS 0 0 0 1.82 4.14 2.35 1.24 0 1.92 0.11 0 0 0 11.58 

surplus MO 1.81 3.34 5.40 1.68 4.09 2.60 3.68 1.05 1.82 1.06 7.34 15.38 13.94 63.18 

traded - FCFS 0 0 0 0 0.00 0.08 0.51 0 0.02 0.11 0 0 0 0.72 

traded - MO 0.19 0.14 0.15 0.00 0.00 0.08 0.51 0.06 0.02 0.24 0.09 0.08 0.23 1.79 

rem. FCFS 0 0 0 1.82 4.14 2.27 0.73 0 1.90 0 0 0 0 10.86 

rem. MO 1.62 3.20 5.25 1.68 4.08 2.53 3.17 0.99 1.80 0.81 7.25 15.30 13.71 61.39 
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Figures 16-17 and Tables 11-14 reveal significantly different trading scenarios on the energy 

poverty mitigation market when the two trading priority methods (FCFS and MO) are used in the 

primary market. For FCFS, 3 out of 5 prosumers will trade electricity with C28, while if MO were to 

be used, only P15 and P3 will sell electricity, the rest of the buying offer being fulfilled by just one 

consumer, C19. Also, if the secondary market is activated, the available surplus rises when MO is 

used from 13.88 kWh in the primary market to 63.18 kWh, due to the presence of the consumers who 

need to sell the surplus generated by the forecast error or offer quantity rounding. In the absence of 

the secondary market, these two quantities would be sold back to the grid at minimal price. Thus, in 

addition to allowing prosumer to sell more surplus, the secondary market offers a mechanism for 

minimizing the effect of consumption forecast errors at the consumer side when the MO trading 

priority method is used. However, the prosumer and consumer surplus to be sold back to the grid 

remain high, at 13.27 kWh and 48.12 kWh respectively (Table 13). 

The costs of the consumer C28 and revenues of the vendors in the energy poverty market tier 

are given in Tables 15-18 and Figures 18-19. The financial settlement is performed in this case using 

as reference only the vendor price offer, similar to POP from Tables 7-10, because with just one 

vulnerable consumer trading in the market, the COP is viable only if the consumer would buy at a 

fixed tariff, and MCP results are the same as POP when COP is not specified.  

 
(a) 

 
(b) 

 
(c) 

 
(d) 

Figure 18. The energy poverty mitigation market cost for buyers: (a) hourly values, FCFS; (b) daily 

values for each consumer, FCFS; (c) hourly values, MO; (d) daily values for each consumer, MO. 

Table 15. The daily cost for each consumer in the energy poverty mitigation market, mu 

Consumers C28 

FCFS POP 0.72 

MO POP 0.75 

Table 16. The hourly cost for all buyers in the energy poverty mitigation market, mu 

Consumers h06 h07 h08 h09 h10 h11 h12 h13 h14 h15 h16 h17 h18 Total 

FCFS POP 0 0 0 0 0.00 0.08 0.51 0 0.02 0.11 0 0 0 0.72 

MO POP 0.07 0.05 0.06 0 0.00 0.04 0.24 0.02 0.01 0.10 0.03 0.03 0.09 0.75 
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(a) 

 
(b) 

 
(c) 

 
(d) 

Figure 19. The energy poverty mitigation market revenue for vendors: (a) hourly values, FCFS; (b) 

daily values for each consumer, FCFS; (c) hourly values, MO; (d) daily values for each consumer, MO. 

The results show that the vendor revenues are lower than in the primary market, because of the 

smaller traded quantities, but they can become significant if they are averaged over longer periods 

(months, years). The consumer C28 will pay less in the local market than when buying electricity 

from the grid, and the MO trading priority maximizes its earnings and the number of hourly intervals 

in which trading can be made. A more profitability analysis will follow in the Discussions section, for 

all the trading segments considered in the market algorithm. 

Table 17. The daily revenue for each vendor in the energy poverty mitigation market, mu 

Vendors P21 P7 P15 P6 P3 C5 C9 C11 C12 C16 C19 C20 C24 C26 Total 

FCFS POP 0 0.11 0 0.53 0.08 0 0 0 0 0 0 0 0 0 0.72 

MO POP 0 0 0.29 0 0.00 0 0 0 0 0 0.46 0 0 0 0.75 

Table 18. The hourly revenue in the energy poverty mitigation market for all vendors, mu 

Prosumers h06 h07 h08 h09 h10 h11 h12 h13 h14 h15 h16 h17 h18 Total 

FCFS POP 0 0 0 0 0.00 0.08 0.51 0 0.02 0.11 0 0 0 0.72 

MO POP 0.07 0.05 0.06 0 0.00 0.04 0.24 0.02 0.01 0.10 0.03 0.03 0.09 0.75 

4.3. The secondary market – the commercial tariff access tier 

As it was seen previously, the vendors can remain after the settlement of the primary market 

with surplus available for selling back to the grid or to other local consumers. Both prosumers and 

consumers can become sellers on the secondary market. The energy poverty mitigation tier can help 

to reduce the surplus quantities, but, if the vulnerable consumers have low demand and are in low 

numbers, the surplus still remaining after the settlement of this market segment can be significant. 

For the demand-generation balance and the set of offers used in the case study, the total primary 

market surplus is of 63.18 kWh and reduces only to 61.39 kWh after the energy poverty mitigation 

market, if the MO trading method is used. For the FCFS method, the remaining surplus decreases 

from to 11.58 kWh to 10.86 kW. For further reducing the quantity sold to the grid, the local market 
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model proposed in the paper uses the second tier of the secondary market, operated according to the 

MO trading priority method used in the primary market, but with different market participants. 

The sellers that can enter this market segment are the same as for the energy poverty mitigation 

market: prosumers with remaining surplus and consumers whose offers placed in the blockchain 

system of the primary market exceed their actual demand, thus becoming surplus. The buyers are 

consumers from the same microgrid who did not participate in the primary market, but are ready to 

occasionally buy surplus from the secondary market when it is available, at market prices. In 

exchange for this facility, they pay an extra fee, according to the formula from Equation (10). The 

quantities are determined automatically in the settlement phase of the energy poverty market or at 

the end of the primary market, if the EP tier is not used. The sell price offers are the offer prices 

entered by prosumers in the blockchain system of the primary market. For consumers the buy prices 

are: C13 – 0.47 mu/kWh, C17 – 0.30 mu/kWh, C18 – 0.42 mu/kWh, lower than the average offers from 

the primary market, in order to minimize the effect of the added tariffs. The fulfillment priority for 

the buy and sell offers is determined using the MO strategy from Figure 3, and the actual quantities 

and financial exchanges between sellers and buyers are settled as in the primary market. 

Using as reference the trading data from Table 13, the sellers participating in the market are P21, 

P15, P6 and P3, if the FCFS method is used in the primary market, and P21, P15, P3, C5, C9, C11, C12, 

C16, C19, C20, C24, C26. The buyers are three consumers that did not participate in the primary 

market, namely C13, C17 and C18. The fee applied for all the consumers is a 10% increase of the final 

buy price, and it is charged by the market administrator. For evaluating all the possibilities regarding 

the financial settlement, all three price alternatives will be considered: MCP, COP and POP, similar 

to the primary market. The quantities offered and actually traded by each vendor and buyer in the 

two primary market methodologies (FCFS and MO) are given in Appendix C, Tables C1-C5. 

The results show that the use of the MO trading priority in the primary market leads to higher 

quantities traded in the tariff access market tier, while if the FCFS trading priority is chosen, prosumer 

surplus is lower. The hourly results for the market and the daily quantities traded by the prosumers 

and the consumers care summarized, in the same manner as for the previous market tiers, in Figures 

20-23 and Tables 19-22. 

 
(a)  

 
(b) 

Figure 20. The buyer quantity offers in the secondary tariff access market: (a) hourly; (b) per consumer  

 
(a)  

 
(b) 

Figure 21. The buyer quantities traded in the secondary tariff access market: (a) hourly; (b) for each 

consumer 
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(a) 

 
(b) 

Figure 22. The seller quantity offers in the secondary tariff access market: (a) hourly; (b) for each seller 

 
(a) 

 
(b) 

Figure 23. The buyer quantities traded in the secondary tariff access market: (a) hourly; (b) for each 

seller 

Table 19. The daily traded quantities for each buyer in the secondary tariff market, kWh 

Consumer C13 C17 C18 Total 

offer FCFS 7.30 8.55 6.62 22.48 

offer MO 7.30 8.55 6.62 22.48 

traded FCFS 2.49 2.99 2.20 7.67 

traded MO 7.30 7.61 6.36 21.28 

rem. FCFS 4.82 5.57 4.43 14.81 

rem. MO 0.00 0.94 0.26 1.20 

Table 20. The hourly traded quantities in the secondary tariff market for all buyers, kWh 

Hour h06 h07 h08 h09 h10 h11 h12 h13 h14 h15 h16 h17 h18 Total 

offer FCFS 1.99 1.03 1.11 1.39 2.12 1.85 2.16 1.08 1.58 1.55 2.41 1.79 2.42 22.48 

offer MO 1.99 1.03 1.11 1.39 2.12 1.85 2.16 1.08 1.58 1.55 2.41 1.79 2.42 22.48 

traded FCFS 0 0 0 1.39 2.12 1.85 0.73 0 1.58 0 0 0 0 7.67 

traded MO 1.62 1.03 1.11 1.39 2.12 1.85 2.16 0.99 1.58 0.81 2.41 1.79 2.42 21.28 

rem. FCFS 1.99 1.03 1.11 0.00 0.00 0.00 1.43 1.08 0.00 1.55 2.41 1.79 2.42 14.81 

rem. MO 0.38 0.00 0.00 0.00 0.00 0.00 0.00 0.09 0.00 0.74 0.00 0.00 0.00 1.20 

Table 21. The daily traded quantities for each vendor in the secondary tariff market, kWh 

Vendor P21 P15 P6 P3 C5 C9 C11 C12 C16 C19 C20 C24 C26 Total 

surplus FCFS 1.18 1.30 1.45 6.92 0 0 0 0 0 0 0 0 0 10.86 

surplus MO 9.02 3.76 0.00 0.49 10.65 4.48 6.20 4.46 7.44 1.52 4.40 1.18 7.80 61.39 

traded FCFS 0.86 0 1.45 5.36 0 0 0 0 0 0 0 0 0 7.67 

traded MO 4.84 3.76 0 0.49 6.38 0 0.00 2.78 1.51 1.52 0 0 0 21.28 

rem. FCFS 0.32 1.30 0 1.56 0 0 0 0 0 0 0 0 0 3.19 

rem. MO 4.17 0 0 0 4.27 4.48 6.20 1.68 5.94 0 4.40 1.18 7.80 40.11 
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Table 22. The hourly traded quantities in the secondary tariff market for all vendors, kWh 

Hour h06 h07 h08 h09 h10 h11 h12 h13 h14 h15 h16 h17 h18 Total 

surplus FCFS 0 0 0 1.82 4.14 2.27 0.73 0 1.90 0 0 0 0 10.86 

surplus MO 1.62 3.20 5.25 1.68 4.08 2.53 3.17 0.99 1.80 0.81 7.25 15.30 13.71 61.39 

traded FCFS 0 0 0 1.39 2.12 1.85 0.73 0 1.58 0 0 0 0 7.67 

traded MO 1.62 1.03 1.11 1.39 2.12 1.85 2.16 0.99 1.58 0.81 2.41 1.79 2.42 21.28 

diff FCFS 0 0 0 0.43 2.02 0.42 0.00 0 0.32 0 0 0 0 3.19 

diff MO 0 2.16 4.14 0.30 1.96 0.67 1.01 0 0.23 0 4.84 13.51 11.29 40.11 

 

The results from Tables 19-22 show that the tariff-access consumers are able to acquire 7.67 kWh 

for the FCFS primary market trading priority, exclusively from prosumer surplus. 21.28 kWh are 

bought for the MO trading priority method, mainly from consumer surplus, as it can be seen in Table 

21. When the MO method is used, the consumer buy offers are fulfilled from the most part from the 

local market (Table 20), only 1.2 kWh remaining to be bought from the grid. After the settlement of 

the two commercial market tiers, the prosumers lower their unsold surplus to only 3.19 kWh (FCFS) 

or 4.7 kWh (MO), while the consumer surplus remains high, at 35.94 kWh. The prosumer surplus is 

available mainly in the 09:00-14:00 interval, while the consumer surplus can be accessed outside this 

interval, between 06:00-8:00 and 15:00-18:00 (see Table C2). 

The costs of the buyers and the revenues of the vendors in this market tier are summarized in 

Figures 24-25 and Tables 23-26, for all three available settlement policies (MCP, COP, POP). 

 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

Figure 24. The tariff access market cost for buyers: (a) hourly values, FCFS; (b) daily values for each 

consumer, FCFS; (c) hourly values, MO; (d) daily values for each consumer, MO. 

Table 23. The daily cost for each consumer in the tariff access market, mu 

Consumers C13 C17 C18 Total Total + 10% fee 

F
C

F
S

 MCP 1.14 1.47 1.01 3.61 3.98 

COP 1.17 0.90 0.92 2.99 3.29 

POP 1.14 1.47 1.01 3.61 3.98 

M
O

 MCP 3.71 3.86 3.20 10.77 11.85 

COP 3.43 2.28 2.67 8.39 9.23 

POP 3.37 3.84 3.02 10.23 11.26 
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Table 24. The hourly cost for all buyers in the tariff access market, mu 

Consumers h06 h07 h08 h09 h10 h11 h12 h13 h14 h15 h16 h17 h18 Total 
Total + 

10% fee 

F
C

F
S

 MCP 0 0 0 0.65 1.00 0.87 0.32 0 0.78 0 0 0 0 3.61 3.98 

COP 0 0 0 0.56 0.88 0.65 0.34 0 0.55 0 0 0 0 2.99 3.29 

POP 0 0 0 0.65 1.00 0.87 0.32 0 0.78 0 0 0 0 3.61 3.98 

M
O

 MCP 0.79 0.50 0.50 0.76 1.17 1.02 1.19 0.45 0.87 0.39 1.18 0.81 1.16 10.77 11.85 

COP 0.75 0.45 0.42 0.56 0.88 0.65 0.88 0.38 0.55 0.33 0.95 0.65 0.95 8.39 9.23 

POP 0.77 0.47 0.49 0.76 1.04 0.99 1.09 0.43 0.82 0.37 1.12 0.79 1.10 10.23 11.26 

 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

Figure 25. The tariff access market revenue for vendors: (a) hourly values, FCFS; (b) daily values for 

each consumer, FCFS; (c) hourly values, MO; (d) daily values for each consumer, MO. 

Table 25. The daily revenue for each vendor in the tariff access market, mu 

Vendors P21 P15 P6 P3 C5 C9 C11 C12 C16 C19 C20 C24 C26 Total 

F
C

F
S

 MCP 0.47 0 0.62 2.52 0 0 0 0 0 0 0 0 0 3.61 

COP 0.26 0 0.63 2.10 0 0 0 0 0 0 0 0 0 2.99 

POP 0.47 0 0.62 2.52 0 0 0 0 0 0 0 0 0 3.61 

M
O

 MCP 2.66 2.07 0 0.27 2.97 0 0 1.35 0.74 0.71 0 0 0 10.77 

COP 1.65 1.65 0 0.23 2.55 0 0 1.05 0.56 0.70 0 0 0 8.39 

POP 2.66 1.81 0 0.23 2.87 0 0 1.33 0.74 0.59 0 0 0 10.23 

Table 26. The hourly revenue in the tariff access market for all vendors, mu 

Prosumers h06 h07 h08 h09 h10 h11 h12 h13 h14 h15 h16 h17 h18 Total 

F
C

F
S

 MCP 0 0 0 0.65 1.00 0.87 0.32 0 0.78 0 0 0 0 3.61 

COP 0 0 0 0.56 0.88 0.65 0.34 0 0.55 0 0 0 0 2.99 

POP 0 0 0 0.65 1.00 0.87 0.32 0 0.78 0 0 0 0 3.61 

M
O

 MCP 0.79 0.50 0.50 0.76 1.17 1.02 1.19 0.45 0.87 0.39 1.18 0.81 1.16 10.77 

COP 0.75 0.45 0.42 0.56 0.88 0.65 0.88 0.38 0.55 0.33 0.95 0.65 0.95 8.39 

POP 0.77 0.47 0.49 0.76 1.04 0.99 1.09 0.43 0.82 0.37 1.12 0.79 1.10 10.23 
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Because of the larger quantities bought by the three consumers, the fee access tier is more 

profitable for the surplus vendors, compared to the energy poverty mitigation market. In addition, 

considering of the lower price offers used for the tariff access consumers, the COP settlement option 

is the best choice for the consumers, incurring the lowest costs (see Table 25). For the FCSF trading 

priority method, MCP and POP give the same results, which suggests that the merit order clearing 

price is determined by higher vendor price offers (Table 26). 

4.3. The secondary market – the commercial invite access tier 

An alternative proposed in the local market model for the tariff access secondary market is an 

invite access market tier. This solution, while it has lower impact on the surplus reduction at market 

level, is viable for individual prosumers and consumers which are in the situation of frequently 

having unsold surplus after the final settlement. The invite access strategy proposes that long term 

P2P contracts can be established between seller-buyer pairs, stipulating that the buyer can 

automatically access at the unsold surplus of the seller, when it is available. In this case, the settlement 

is not performed at market level, but only for the two parties involved, and it can be considered that 

the buyer is an ‘invited guest’ in the local market. 

The market diagram from Figure 1 considers the invite access market as an alternative to the 

tariff access market, but this approach is not mandatory, as the energy mitigation market, the tariff 

access market and the invite access market can be used in any desired order or number in the 

architecture of the local market. 

Considering the layout from Figure 1 and the data from Tables 2, A2, B2 and C4, the evolution 

of the surplus of prosumer P21 in the MO primary market priority case is the one seen in Table 27. 

The prosumer is able to sell on the tariff access market 4.844 kWh. 

On the other hand, if the prosumer has a P2P contract with consumer C22 which did not 

participate in the primary market, and the tariff access option is not activated, then it would be able 

to sell in the invite access market almost the same quantity, as can be seen in Table 28. Furthermore, 

a scenario can be imagined in which the invite market is activated first, followed by the tariff access 

market, win which case prosumer P21 would be able to sell its entire surplus in the local market. 

Thus, if the local market model is optimally configured, it can lead to the maximization of the local 

trading, thus minimizing the surplus sold to the grid at regulated tariffs. 

Table 27. The surplus of prosumer P21 in the primary and secondary market (energy poverty 

mitigation and tariff access), kWh 

Hour 
initial 

generation 

surplus 

initial 
After the primary 

market 

After the 

secondary 

market, 1st tier 

After the 

secondary 

market, 2nd tier 

(tariff access) 

h01 2.361 1.588 0 0 0 

h02 2.785 1.805 0 0 0 

h03 3.286 1.726 0 0 0 

h04 3.329 1.749 1.682 1.682 0.296 

h05 3.639 2.292 2.292 2.292 1.963 

h06 3.751 2.038 2.038 2.038 0.672 

h07 3.735 1.822 1.822 1.822 1.014 

h08 3.812 0.685 0 0 0 

h09 3.742 1.182 1.182 1.182 0.227 

h10 3.461 2.028 0 0 0 

h11 2.832 0.819 0 0 0 

h12 2.403 0 0 0 0 

h13 2.237 1.17 0 0 0 

Total 41.373 18.904 9.016 9.016 4.172 
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Table 28. Comparison between the quantities sold by prosumer P21 in the tariff and invite access 

markets, kWh 

Hour 
Surplus, 

P21 

Consumption, 

C22 

Electricity sold in 

the tariff access 

market 

Electricity sold to 

C22 in the invite 

access market 

h06 0 1.340 0 0 

h07 0 0.960 0 0 

h08 0 0.270 0 0 

h09 1.682 0.420 1.386 0.420 

h10 2.292 1.000 0.329 1.000 

h11 2.038 0.930 1.366 0.930 

h12 1.822 1.050 0.808 1.050 

h13 0 1.020 0 0 

h14 1.182 0.970 0.955 0.970 

h15 0 1.010 0 0 

h16 0 1.110 0 0 

h17 0 1.540 0 0 

h18 0 1.630 0 0 

Total 9.016 13.250 4.844 4.370 

5. Discussion 

The results presented in the case study show that the secondary market has a positive effect 

regarding the surplus quantities sold by the prosumers in the local market. A key aspect that still 

needs to be discussed is the profitability of the local market, with its two components. Using Tables 

3, 5, 11, 13, 19 and 21 for quantities and the influence of the primary and secondary markets on the 

quantities sold by the prosumers and consumers back to the grid is determined in Tables 29 and 30. 

Table 29. The evolution of the electricity quantities bought from the grid in the hourly interval 06:00 

– 18:00, before and after trading on each market segment, kWh 

trading 

priority 

in PM 

initial 

consumption 

(no market) 
Traded 

in PM 

Consumer 

surplus 

for SM 

consumption 

bought from 

the grid after 

PM 

Traded 

in SM1 

Traded 

in SM2 

consumption 

bought from 

the grid after 

SM 

FCFS 203.41 156.4 0 47.01 0.72 7.67 38.62 

MO 203.41 154.1 49.31 98.62 1.79 21.28 75.55 

Table 30. The evolution of the surplus quantities sold to the grid in the hourly interval 06:00 – 18:00, 

after trading on each market segment, kWh 

 Market 

player type 

PM trading 

priority 

initial 

surplus 

Traded 

in PM 

Surplus 

after PM 

Traded in 

SM1 

Traded in 

SM2 

Surplus 

after SM 

prosumers 
FCFS 167.97 156.4 11.58 0.72 7.67 3.18 

MO 167.97 154.1 13.88 0.6 9.1 4.17 

consumers 
FCFS 0 0 0 0 0 0 

MO 0 0 49.31 1.18 12.68 35.45 

 

Table 29 shows that the offer quantities used in the MO trading priority determine a 49.3 kWh 

surplus at the consumers, which represents electricity traded, but not consumed. This represents a 

high value, at 25% from the total consumption, and is mainly determined by hourly demand forecast 

errors. In the absence of the secondary market, the entire quantity would be sold to the grid, and the 

price mismatch between the buy price on the market (high) and sell price to the grid (low) would 

represent a cost increase for the consumers. Thus, accurate remote sensing techniques for improving 

the demand forecasts could reduce the costs for the consumers participating in the market. Table 29 
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also shows that the quantities traded in the primary market (PM) by the consumers are higher than 

in the secondary market. Also, The FCFS trading priority results in lower quantities sold back to the 

grid, because consumer surplus is absent. 

Table 30 shows that the secondary market has a significant contribution for reducing the 

prosumer surplus, from 11.58/13.88 kWh to 3.18/4.17 kWh. 

On the other hand, from Tables 7, 9, 15, 17, 23 and 25, the costs and revenues for the sellers and 

vendors on each market segment can be summarized in Tables 31 and 32, for the 06:00 – 18:00 interval 

of the analyzed day. 

Table 31. Comparison between the costs of the consumers in each market segment and for each 

settlement price, mu 

Trading priority 

in PM 

Settlement 

price 
PM SM1 SM2 SM 

Total 

 PM+SM 

FCFS  

MCP 71.11 0 3.98 3.98 75.09 

COP 83.54 0 3.29 3.29 86.83 

POP 71.11 0.72 3.98 4.7 75.81 

MO  

MCP 80.36 0 11.85 11.85 92.21 

COP 84.2 0 9.23 9.23 93.43 

POP 69.28 0.75 11.26 12.01 81.29 

Table 32. Comparison between the vendor revenues on all market segments, mu 

Sellers 

Revenue 

without 

local 

market 

PM 

trading 

priority 

Settlement 

price 
PM SM1 SM2 SM 

Total 

PM 

+SM 

Total 

PM 

+SM 

+Grid 

p
ro

su
m

er
s 

42.16 

FCFS 

MCP 71.11 0 3.61 3.61 74.72 75.52 

COP 83.54 0 2.99 2.99 86.53 87.33 

POP 71.11 0.72 3.61 4.33 75.44 76.24 

MO 

MCP 80.36 0 5 5 85.36 86.41 

COP 84.2 0 3.53 3.53 87.73 88.78 

POP 69.28 0.29 4.7 4.99 74.27 75.32 

co
n

su
m

er
s 

12.38 

FCFS 

MCP 0 0 0 0 0 

12.38 COP 0 0 0 0 0 

POP 0 0 0 0 0 

MO 

MCP 0 0 5.77 5.77 5.77 14.67 

COP 0 0 4.86 4.86 4.86 13.76 

POP 0 0.46 5.53 5.99 5.99 14.89 

 

Table 31 shows that the highest costs for the consumers occur when the COP settlement is used, 

while the POP settlement offers the best buy prices from the market. In Table 32, it can be seen that 

the prosumer revenues can double when the primary and secondary markets are used, with the most 

profits being achieved on the primary market. The secondary market is however useful for the 

consumers who need to sell surplus remaining from the primary market, increasing their daily 

revenue by up to 200% (14.89 mu, compared to 12.38 mu). 

Using the traded quantities and factoring the costs and revenues presented above, a comparison 

can be made between the daily electricity costs for the aggregated network demand in the 06:00 – 

18:00 interval. Table 33 shows that the combined effect of the primary and secondary market can 

decrease the cost by up to 26% when the FCFS trading prioritization is used. For MO prioritization, 

because of the significant consumer surplus in the primary market, the cost increases when MCP or 

COP settlement is used, but the effect of the secondary market is to compensate a fraction of the 

increase. 

It should be noted that the results presented in the paper are highly dependent on the input data 

used for the case study (consumption and generation profiles, buy and sell price offers). Also, the 
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results presented in Tables 29-33 use for the commercial tier of the secondary market only the tariff 

access option. 

Table 33. Comparison between the influence of the primary secondary market on the electricity costs 

for the microgrid, time interval 06:00-18:00, mu 

PM trading 

priority 

Settlement 

price 

cost with 

regulated tariff 

cost 

with PM 

cost with 

PM and SM 

% reduction 

PM 

% 

reduction 

PM+SM 

FCFS 

  

MCP 136.89 102.75 101.08 24.94 26.16 

COP 136.89 115.18 112.82 15.86 17.59 

POP 136.89 102.75 101.80 24.94 25.64 

MO 

  

MCP 136.89 146.73 137.29 -7.19 -0.29 

COP 136.89 150.57 139.42 -9.99 -1.84 

POP 136.89 135.65 126.15 0.91 7.85 

 

6. Conclusions 

The paper proposes a new local market for active microgrids, designed to maximize the surplus 

sold by the prosumers to the local consumers. The local market requires smart grid features in the 

microgrid and a blockchain ledger for submitting buy and sell offers. Trading is performed in two 

phases, first on a primary marked, followed by a two-tier secondary market. In the primary market, 

two trading priorities can be used: ‘first-come-first-served’ and the merit order mechanism specific 

to wholesale electricity markets. The secondary market has an energy poverty mitigation tier, 

designed to include in the market low-income or socially vulnerable consumers, and a commercial 

tier with two access options: fee-based and invite (P2P agreement)-based. The case study shows that 

the secondary market can help the prosumers to sell more surplus to the local consumers, increasing 

their profitability. However, the merit-order prioritization method reveals that precise remote 

sensing technologies are required for obtaining accurate demand forecasts for the consumers and 

reducing their monthly electricity costs. The proposed algorithm is a comprehensive tool of the 

trading process for consumers and prosumers in microgrids, considering the current regulation 

framework regarding prosumer activity in the Romanian electricity market, and future research will 

extend its capabilities for social inclusions and moreover, the reduction of the greenhouse gases by 

using these small-scale renewable energy sources. 

6. Patents 

National Patent Application “Innovative method of decision-making assistance aimed at 

streamlining the management of prosumer activity”, Romania, 2020, in press. 
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Appendix A - Input data for the primary market 

Table A1. The hourly demand profiles for the entire microgrid, in kW (27 consumers) 

Hour C2 C3 C4 C5 C6 C7 C8 C9 C10 

h1 0.616 2.010 0.273 0.000 1.370 2.418 1.152 1.936 0.310 

h2 0.608 1.908 0.078 0.020 1.520 2.210 1.664 1.368 0.678 

h3 0.557 2.004 0.048 0.260 1.910 2.149 2.056 1.376 0.300 

h4 0.522 2.010 0.306 0.040 1.770 2.151 2.048 2.048 0.640 

h5 0.522 1.902 0.063 0.050 1.990 2.192 1.816 1.528 0.360 

h6 0.571 2.004 0.165 0.250 2.070 2.299 1.168 2.992 0.468 

h7 0.529 1.836 0.213 0.125 2.280 2.364 0.720 3.352 0.748 

h8 0.592 1.236 0.060 4.710 2.530 2.543 1.704 2.240 3.208 

h9 0.562 1.302 0.312 1.290 1.850 2.382 1.976 2.112 2.815 

h10 0.616 1.200 0.258 0.525 1.850 2.549 1.944 2.192 1.483 

h11 0.860 1.188 0.243 2.985 1.460 2.426 1.904 2.232 4.538 

h12 0.535 1.146 0.423 1.895 1.180 2.414 1.872 2.144 3.295 

h13 0.641 1.140 0.198 4.595 1.650 2.450 2.456 2.048 3.650 

h14 0.322 1.374 0.378 0.930 1.950 2.418 2.632 2.176 5.230 

h15 0.181 1.944 0.321 0.260 1.810 2.444 1.896 2.256 4.293 

h16 0.214 1.542 0.207 0.535 2.640 2.467 2.072 2.328 3.895 

h17 0.781 2.148 0.495 2.125 2.810 2.553 2.080 2.288 3.028 

h18 0.764 1.902 0.282 1.025 2.720 2.757 2.016 2.336 1.980 

h19 0.426 1.968 0.336 0.140 3.580 3.042 2.720 2.464 1.768 

h20 0.426 1.968 0.336 0.140 3.580 3.042 2.720 2.464 1.768 

h21 0.496 1.956 0.207 0.210 5.310 3.515 2.672 3.136 3.033 

h22 0.561 1.986 0.405 0.480 5.390 3.248 2.488 1.312 5.695 

h23 0.554 1.872 0.246 0.195 4.750 3.075 2.432 1.336 4.033 

h24 0.578 1.986 0.045 0.100 3.170 2.713 2.088 1.184 1.180 

h06-18 7.168 19.962 3.555 21.250 26.800 32.066 24.440 30.696 38.631 

 

Hour C11 C12 C13 C14 C15 C16 C17 C18 C19 

h1 0.230 0.585 0.142 0.910 2.783 2.220 0.210 0.360 0.345 

h2 0.220 0.765 0.078 0.920 2.411 1.320 0.000 0.525 0.286 

h3 0.200 0.585 0.352 0.925 2.548 0.942 0.000 0.534 0.243 

h4 0.200 0.675 0.440 1.225 2.313 0.972 0.045 0.636 0.213 

h5 0.200 0.660 0.062 1.345 2.288 0.954 0.000 0.444 0.237 

h6 1.240 0.570 1.416 1.290 2.426 1.044 0.115 0.462 0.242 

h7 1.400 0.900 0.482 1.325 3.239 1.374 0.075 0.477 0.281 

h8 1.440 0.630 0.182 1.520 3.798 3.984 0.475 0.450 0.287 

h9 1.170 0.765 0.502 1.430 3.097 2.184 0.380 0.504 0.278 

h10 1.130 0.645 1.046 1.120 4.371 1.986 0.495 0.579 0.268 

h11 1.390 0.555 0.150 1.170 2.994 1.986 1.130 0.573 0.285 

h12 1.740 0.630 1.032 1.265 3.763 2.844 0.630 0.498 0.315 

h13 1.760 0.615 0.056 1.760 2.999 1.566 0.420 0.600 0.301 

h14 1.200 0.570 0.056 2.000 2.759 0.930 0.980 0.540 0.329 

h15 0.280 0.750 0.236 1.840 3.807 0.798 0.955 0.357 0.312 

h16 0.460 0.555 1.024 1.815 3.317 1.152 0.965 0.423 0.350 

h17 3.180 0.825 0.232 2.015 3.214 1.944 0.970 0.588 0.366 
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h18 2.570 0.780 0.890 2.365 2.940 2.046 0.960 0.570 0.468 

h19 2.890 0.780 0.458 2.480 3.445 2.460 1.450 0.678 0.443 

h20 2.890 0.780 0.458 2.480 3.445 2.460 1.450 0.678 0.443 

h21 3.210 0.630 0.864 2.580 3.278 1.884 1.385 0.753 0.454 

h22 3.260 0.570 1.326 2.365 2.475 1.374 1.660 0.621 0.482 

h23 2.815 0.720 0.376 2.060 2.073 1.380 1.235 0.750 0.509 

h24 1.780 0.570 0.200 1.495 2.769 1.158 0.880 0.390 0.328 

h06-18 18.960 8.790 7.304 20.915 42.724 23.838 8.550 6.621 4.082 

 

Hour C20 C21 C22 C23 C24 C25 C26 C27 C28 

h1 0.973 0.636 0.790 0.049 1.266 0.384 0.248 0.024 0.973 

h2 1.013 0.484 0.780 0.056 1.194 0.384 0.296 0.000 1.013 

h3 0.733 0.448 0.730 0.749 1.056 0.388 0.260 0.000 0.733 

h4 0.453 0.460 0.920 1.148 1.032 0.392 0.292 0.000 0.453 

h5 0.680 0.520 0.800 1.148 1.014 0.400 0.208 0.000 0.680 

h6 0.773 0.512 1.340 1.148 1.020 0.396 0.356 0.192 0.773 

h7 0.980 0.428 0.960 1.946 1.122 0.376 0.700 0.140 0.980 

h8 1.560 0.368 0.270 1.393 1.116 0.352 0.336 0.152 1.560 

h9 1.580 0.408 0.420 1.596 1.110 0.356 0.144 0.000 1.580 

h10 1.347 0.408 1.000 2.975 1.110 0.360 0.128 0.004 1.347 

h11 1.713 0.668 0.930 1.519 1.242 0.620 0.204 0.076 1.713 

h12 1.913 0.412 1.050 2.492 1.260 0.344 0.320 0.508 1.913 

h13 3.127 0.344 1.020 1.974 1.266 0.324 0.476 0.056 3.127 

h14 2.560 0.428 0.970 1.974 1.260 0.332 0.384 0.020 2.560 

h15 1.433 1.068 1.010 2.240 1.206 0.940 0.456 0.244 1.433 

h16 2.013 0.424 1.110 2.296 1.134 2.500 0.352 0.088 2.013 

h17 4.000 0.448 1.540 1.778 1.140 2.544 2.000 0.080 4.000 

h18 1.067 0.468 1.630 1.939 1.260 2.820 0.876 0.228 1.067 

h19 1.907 0.436 1.570 1.750 1.296 2.104 1.824 0.000 1.907 

h20 1.907 0.436 1.570 1.750 1.296 2.104 1.824 0.000 1.907 

h21 2.473 1.092 1.280 1.106 1.212 2.144 0.728 0.408 2.473 

h22 2.253 1.484 1.110 1.092 1.194 2.084 0.688 0.412 2.253 

h23 1.933 1.364 0.710 1.092 1.194 2.248 0.256 0.532 1.933 

h24 1.260 0.880 0.840 0.763 1.176 2.008 0.324 0.144 1.260 

h06-18 12.900 24.066 6.384 13.250 25.270 15.246 12.264 6.732 1.788 

Table A2. The hourly generation profiles for the prosumers in the microgrid, in kW (8 prosumers) 

Hour P27 P21 P7 P15 P6 P3 P10 P25 

h1 0 0 0 0 0 0 0 0 

h2 0 0 0 0 0 0 0 0 

h3 0 0 0 0 0 0 0 0 

h4 0 0 0 0 0 0 0 0 

h5 0 0 0 0 0 0 0 0 

h6 0.249 2.361 2.183 4.374 2.011 2.212 1.965 4.072 

h7 0.518 2.785 2.627 4.824 2.132 2.642 2.364 4.609 

h8 1.004 3.286 3.247 5.384 2.357 3.115 2.922 4.942 

h9 1.581 3.329 3.438 5.325 2.592 3.139 3.094 5.066 
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h10 1.735 3.639 3.642 5.673 2.966 3.451 3.278 5.342 

h11 1.859 3.751 3.826 5.769 3.346 3.561 3.443 5.417 

h12 1.915 3.735 3.639 5.643 3.509 3.539 3.275 5.320 

h13 1.984 3.812 3.863 5.825 3.945 3.603 3.477 5.506 

h14 1.756 3.742 3.803 5.704 3.297 3.553 3.423 5.474 

h15 1.562 3.461 3.492 5.353 2.994 3.276 3.143 4.908 

h16 0.915 2.832 2.877 4.642 2.541 2.675 2.589 4.343 

h17 0.495 2.403 2.305 4.276 2.352 2.283 2.075 4.017 

h18 0.308 2.237 2.105 4.101 1.791 2.123 1.895 3.859 

h19 0 0 0 0 0 0 0 0 

h20 0 0 0 0 0 0 0 0 

h21 0 0 0 0 0 0 0 0 

h22 0 0 0 0 0 0 0 0 

h23 0 0 0 0 0 0 0 0 

h24 0 0 0 0 0 0 0 0 

Table A3. The forecasted quantity offers of the buyers (consumers) for the primary market, MO 

trading priority, in kWh (11 consumers) 

Trading 

interval 
C5 C8 C9 C11 C12 C14 C16 C19 C20 C24 C26 

h6 0.30 1.10 3.20 1.30 0.60 1.20 2.00 0.20 0.50 1.20 0.50 

h7 0.40 0.80 3.40 1.40 0.80 1.30 2.00 0.30 2.10 2.00 0.40 

h8 4.10 1.70 2.10 1.30 0.60 1.40 3.50 0.30 0.60 1.50 0.40 

h9 1.50 2.00 2.20 1.00 0.80 1.50 2.00 0.20 0.40 1.60 0.40 

h10 0.80 1.90 2.10 1.00 0.80 1.10 2.00 0.30 0.40 2.80 0.40 

h11 3.20 1.90 2.20 0.90 0.60 1.20 2.00 0.30 0.30 1.50 0.60 

h12 2.00 2.00 2.10 0.00 0.60 1.30 2.00 0.30 0.50 2.40 0.40 

h13 4.70 2.50 2.00 1.50 0.70 1.80 1.80 0.30 0.70 2.00 0.30 

h14 1.10 2.40 2.20 1.20 0.70 2.00 1.00 0.30 0.60 2.00 0.30 

h15 0.60 2.10 2.20 0.70 0.80 1.80 1.00 0.30 1.30 2.20 1.00 

h16 0.60 2.20 2.30 0.70 0.70 1.90 1.00 0.40 1.20 2.30 2.50 

h17 2.60 2.40 2.40 2.50 0.70 2.10 1.50 0.40 1.60 1.80 2.50 

h18 1.30 2.30 2.50 3.00 0.90 2.20 2.00 0.50 1.60 1.90 2.80 

Table A4. The offer prices submitted by the buyers (consumers) in the primary market, in mu/kWh 

Trading 

interval 
C5 C8 C9 C11 C12 C14 C16 C19 C20 C24 C26 

h6-h18 0.45 0.6 0.55 0.52 0.48 0.6 0.49 0.39 0.55 0.57 0.5 

Table A5. The offer prices submitted by the sellers (prosumers) in the primary market, in mu/kWh 

Trading 

interval 
P27 P21 P7 P15 P6 P3 P10 P25 

h6 -h18 0.43 0.55 0.4 0.48 0.43 0.47 0.42 0.43 
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Appendix B - Data for the energy poverty mitigation market 

Table B1. The sell offer quantities for the energy poverty mitigation tier (kWh), FCFS trading priority 

Hour P21 P7 P15 P6 P3 Total 

h06 0 0 0 0 0 0 

h07 0 0 0 0 0 0 

h08 0 0 0 0 0 0 

h09 0 0 0 0 1.815 1.815 

h10 0 0 1.302 0 2.840 4.142 

h11 0 0 0 0 2.345 2.345 

h12 0 0 0 1.241 0 1.241 

h13 0 0 0 0 0 0 

h14 1.182 0 0 0.739 0 1.921 

h15 0 0.113 0 0 0 0.113 

h16 0 0 0 0 0 0 

h17 0 0 0 0 0 0 

h18 0 0 0 0 0 0 

Total 1.182 0.113 1.302 1.980 7.000 11.576 

Table B2. The sell offer quantities for the energy poverty mitigation tier, MO trading priority, in kWh 

Hour P21 P15 P3 C5 C9 C11 C12 C16 C19 C20 C24 C26 Total 

h06 0 0 0 0.300 0 0 0.600 0.708 0.200 0 0 0 1.808 

h07 0 0 0 0.400 0 0 0.800 1.838 0.300 0 0 0 3.338 

h08 0 0 0 4.100 0 0 0.600 0.397 0.300 0 0 0 5.397 

h09 1.682 0 0 0 0 0 0 0 0 0 0 0 1.682 

h10 2.292 1.302 0.493 0 0 0 0 0 0 0 0 0 4.087 

h11 2.038 0.563 0 0 0 0 0 0 0 0 0 0 2.601 

h12 1.822 1.860 0 0 0 0 0 0 0 0 0 0 3.682 

h13 0 0 0 0.746 0 0 0 0 0.3 0 0 0 1.046 

h14 1.182 0.641 0 0 0 0 0 0 0 0 0 0 1.823 

h15 0 0 0 0.600 0 0 0.155 0 0.300 0 0 0 1.055 

h16 0 0 0 0.600 0.241 0.700 0.700 1 0.400 1.200 0 2.500 7.341 

h17 0 0 0 2.600 2.400 2.500 0.700 1.5 0.400 1.600 1.181 2.500 15.381 

h18 0 0 0 1.300 1.835 3.000 0.900 2 0.500 1.600 0 2.800 13.935 

Total 9.016 4.366 0.493 10.646 4.476 6.200 4.455 7.443 2.700 4.400 1.181 7.800 63.176 

Table B3. The sell quantities traded in the energy poverty mitigation tier, FCFS trading priority, in 

kWh 

Hour P21 P7 P15 P6 P3 Total 

h06 0 0 0 0 0 0 

h07 0 0 0 0 0 0 

h08 0 0 0 0 0 0 

h09 0 0 0 0 0 0 

h10 0 0 0 0 0.004 0.004 

h11 0 0 0 0 0.076 0.076 

h12 0 0 0 0.508 0 0.508 

h13 0 0 0 0 0 0 

h14 0 0 0 0.020 0 0.020 

h15 0 0.113 0 0 0 0.113 

h16 0 0 0 0 0 0 

h17 0 0 0 0 0 0 

h18 0 0 0 0 0 0 

Total 0 0.113 0 0.528 0.08 0.721 
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Table B4. The sell quantities traded in the energy poverty mitigation tier, MO trading priority, in 

kWh 

Hour P21 P15 P3 C5 C9 C11 C12 C16 C19 C20 C24 C26 Total 

h06 0 0 0 0 0 0 0 0 0.192 0 0 0 0.192 

h07 0 0 0 0 0 0 0 0 0.140 0 0 0 0.140 

h08 0 0 0 0 0 0 0 0 0.152 0 0 0 0.152 

h09 0 0 0 0 0 0 0 0 0 0 0 0 0 

h10 0 0 0.004 0 0 0 0 0 0 0 0 0 0.004 

h11 0 0.076 0 0 0 0 0 0 0 0 0 0 0.076 

h12 0 0.508 0 0 0 0 0 0 0 0 0 0 0.508 

h13 0 0 0 0 0 0 0 0 0.056 0 0 0 0.056 

h14 0 0.020 0 0 0 0 0 0 0 0 0 0 0.020 

h15 0 0 0 0 0 0 0 0 0.244 0 0 0 0.244 

h16 0 0 0 0 0 0 0 0 0.088 0 0 0 0.088 

h17 0 0 0 0 0 0 0 0 0.080 0 0 0 0.080 

h18 0 0 0 0 0 0 0 0 0.228 0 0 0 0.228 

Total 0 0.604 0.004 0 0 0 0 0 1.180 0 0 0 1.788 
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Appendix C - Data for the commercial secondary market, fee-access method 

Table C1. The sell offer quantities for the commercial fee-access tier, FCFS trading priority, in kWh 

Hour P21 P15 P6 P3 Total 

h06 0 0 0 0 0 

h07 0 0 0 0 0 

h08 0 0 0 0 0 

h09 0 0 0 1.815 1.815 

h10 0 1.302 0 2.836 4.138 

h11 0 0 0 2.269 2.269 

h12 0 0 0.733 0 0.733 

h13 0 0 0 0 0 

h14 1.182 0 0.719 0 1.901 

h15 0 0 0 0 0 

h16 0 0 0 0 0 

h17 0 0 0 0 0 

h18 0 0 0 0 0 

Total 1.182 1.302 1.452 6.920 10.855 

Table C2. The sell offer quantities for the commercial fee-access tier, MO trading priority, in kWh 

Vendor P21 P15 P3 C5 C9 C11 C12 C16 C19 C20 C24 C26 Total 

h06 0 0 0 0.300 0 0 0.600 0.708 0.008 0 0 0 1.616 

h07 0 0 0 0.400 0 0 0.800 1.838 0.160 0 0 0 3.198 

h08 0 0 0 4.100 0 0 0.600 0.397 0.148 0 0 0 5.245 

h09 1.682 0 0 0 0 0 0 0 0 0 0 0 1.682 

h10 2.292 1.302 0.489 0 0 0 0 0 0 0 0 0 4.083 

h11 2.038 0.487 0 0 0 0 0 0 0 0 0 0 2.525 

h12 1.822 1.352 0 0 0 0 0 0 0 0 0 0 3.174 

h13 0 0 0 0.746 0 0 0 0 0.244 0 0 0 0.990 

h14 1.182 0.621 0 0 0 0 0 0 0 0 0 0 1.803 

h15 0 0 0 0.600 0 0 0.155 0 0.056 0 0 0 0.811 

h16 0 0 0 0.600 0.241 0.700 0.700 1.000 0.312 1.200 0 2.500 7.253 

h17 0 0 0 2.600 2.400 2.500 0.700 1.500 0.320 1.600 1.181 2.500 15.301 

h18 0 0 0 1.300 1.835 3.000 0.900 2.000 0.272 1.600 0 2.800 13.707 

Total 9.016 3.762 0.489 10.646 4.476 6.200 4.455 7.443 1.520 4.400 1.181 7.800 61.388 

Table C3. The sell quantities traded in the commercial fee-access tier, FCFS trading priority 

Hour 21 15 6 3 Total 

h06 0 0 0 0 0 

h07 0 0 0 0 0 

h08 0 0 0 0 0 

h09 0 0 0 1.386 1.386 

h10 0 0 0 2.120 2.120 

h11 0 0 0 1.853 1.853 

h12 0 0 0.733 0 0.733 

h13 0 0 0 0 0 

h14 0.858 0 0.719 0 1.576 

h15 0 0 0 0 0 

h16 0 0 0 0 0 

h17 0 0 0 0 0 

h18 0 0 0 0 0 

Total 0.858 0 1.452 5.359 7.668 
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Table C4. The sell quantities traded in the commercial fee-access tier, MO trading priority, in kWh 

Hour P21 P15 P3 C5 C9 C11 C12 C16 C19 C20 C24 C26 Total 

h06 0 0 0 0.300 0 0 0.600 0.708 0.008 0 0 0 1.616 

h07 0 0 0 0.400 0 0 0.474 0 0.160 0 0 0 1.034 

h08 0 0 0 0.959 0 0 0 0 0.148 0 0 0 1.107 

h09 1.386 0 0 0 0 0 0 0 0 0 0 0 1.386 

h10 0.329 1.302 0.489 0 0 0 0 0 0 0 0 0 2.120 

h11 1.366 0.487 0 0 0 0 0 0 0 0 0 0 1.853 

h12 0.808 1.352 0 0 0 0 0 0 0 0 0 0 2.160 

h13 0 0 0 0.746 0 0 0 0 0.244 0 0 0 0.990 

h14 0.955 0.621 0 0 0 0 0 0 0 0 0 0 1.576 

h15 0 0 0 0.600 0 0 0.155 0 0.056 0 0 0 0.811 

h16 0 0 0 0.600 0 0 0.700 0.8 0.312 0 0 0 2.412 

h17 0 0 0 1.470 0 0 0 0 0.320 0 0 0 1.790 

h18 0 0 0 1.300 0 0 0.848 0 0.272 0 0 0 2.420 

Total 4.844 3.762 0.489 6.375 0 0 2.777 1.508 1.520 0 0 0 21.275 

Table C5. The buy quantities traded in the commercial fee-access tier, MO trading priority, in kWh 

Hour C13 C17 C18 Total 

h06 0 0 0 0 

h07 0 0 0 0 

h08 0 0 0 0 

h09 0.502 0.380 0.504 1.386 

h10 1.046 0.495 0.579 2.120 

h11 0.150 1.130 0.573 1.853 

h12 0.733 0 0 0.733 

h13 0 0 0 0 

h14 0.056 0.980 0.540 1.576 

h15 0 0 0 0 

h16 0 0 0 0 

h17 0 0 0 0 

h18 0 0 0 0 

Total 2.487 2.985 2.196 7.668 

Table C6. The buy quantities traded in the commercial fee-access tier, MO trading priority, in kWh 

Hour C13 C17 C18 Total 

h06 1.416 0 0.200 1.616 

h07 0.482 0.075 0.477 1.034 

h08 0.182 0.475 0.450 1.107 

h09 0.502 0.380 0.504 1.386 

h10 1.046 0.495 0.579 2.120 

h11 0.150 1.130 0.573 1.853 

h12 1.032 0.630 0.498 2.160 

h13 0.056 0.334 0.600 0.990 

h14 0.056 0.980 0.540 1.576 

h15 0.236 0.218 0.357 0.811 

h16 1.024 0.965 0.423 2.412 

h17 0.232 0.970 0.588 1.790 

h18 0.890 0.960 0.570 2.420 

Total 7.304 7.612 6.359 21.275 
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