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Abstract 

The use of demand response programs and distributed renewable energy resources play an important role in 

nowadays electricity markets. Most of the demand response programs are performed for large-scale resources. 

This is a barrier for the small and medium scale consumers, producers, and prosumers in order to participate 

in the electricity market negotiations. To overcome this barrier, a third-party entity, such as community or an 

aggregator, should play a role an intermediate player between the end-users and network operators. However, 

before the implementation of the business models, they should be well surveyed in term of economic and financial 

profits in order to prevent future problems. This paper proposes an economic survey on a community of the 

consumers and distributed generations, considering different pricing schemes. The community consists of 

residential, commercial, and industrial consumers as well as photovoltaic and wind turbines. In this survey, the 

annual costs of this community are investigated considering the current pricing schemes in two countries of 

Portugal and Germany. 
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1. Introduction 

The appearance of Demand Response (DR) programs in nowadays power system, create an opportunity 

for the research society to focus on this topic. DR programs can be defined as altering the consumption 

profiles of the end-users in order to react to the price variations due to the economic or technical issues [1]. 

Two main categories are considered for DR programs, which electricity customers can participate in the 

programs considered on those categories [2]:  price-based and incentive based. In fact, DR programs bring 

flexibility to the electricity markets by controlling the consumption patterns [3]. 

Furthermore, the use of Distributed Renewable Energy Resources (DRERs), especially wind turbines 

and Photovoltaic (PV), enables power distribution network to reduce the congestion of network on the peak 

hours as well as full benefits from them while participating in the market negotiations [4].  

The main issue in these new concepts is the minimum capacity rate that the resources should contain, in 

order to be able to participate in the market negotiations. Based on [5]–[7], the minimum reduction capacity 

of DR resources is 100 kW in different electricity markets. Therefore, the small and medium resources 

would not be capable to individually participate in those markets [8]. For solving such problems, a third-

party entity, such as a community or an aggregator should be placed between the demand side and the grid 

side in order to aggregate the small and medium scale resources and participate them as one resource in the 

electricity market [9][10]. However, all the models and scenarios should be well investigated in term of 

economic and financial profits in order to prevent the future problem. 
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This paper presents an economic survey on a community of consumers, producers, and prosumers by 

considering different electricity pricing rates. The consumers participated in this community consist of 

residential buildings, commercial centers, and industrial units. Also, the DRERs of the community include 

PV pilots in two scale of small and large, PV arrays in the residential buildings considered as prosumers, 

and several wind turbines. The consumption and generation profiles utilized in this paper are real data 

provided by a smart metering company in Germany (www.discovergy.com). Several pricing schemes 

would be applied to this community in order to survey the annual costs considering DRERs.  

After this first introductory section, the community model will be presented in Section 2. Section 3 will 

present the economic survey of the community and the annual costs will be provided. Finally, Section 4 

will present the main conclusions of this work. 

2. Community Model 

A local community grid is related to a group of consumers, producers, and prosumers that some of them 

may have a contract with a central controller unit called Community Manager (CM), in order to be 

controlled and organized by this unit. The differences between a community and an aggregator are that a 

community has a smaller number of grid players, however, an aggregator has a significant number of 

players. Also, the community is interest based, however, the aggregator is profit based.  

Fig. 1 illustrates an overall view of the proposed community grid. In this model, there are 100 consumers 

and 100 producers. The consumers of the community consist of 79 residential houses, 16 commercial shops, 

3 commercial centers, and 2 industrial units. The producers include 22 small-scale PV pilots, 13 large-scale 

PV pilots, 18 wind turbines, and 47 PV arrays in residential houses considered as 47 prosumers. These 

classifications are performed based on the average daily consumption/generation rates of the resources.  

 

Fig. 36: Overall perspective of the community model. 

In this network, the CM is not owning any resources of the grid and it is responsible to balance the rate 

of consumption and generation in the community members, by providing some strategic plans, namely DR 

programs or resource scheduling, to the players. The main interest of CM is firstly to feed the demand of 

the players by its local energy resources available in the community as well as the surplus of production of 

the prosumers. By this way, the CM would be able to stop purchasing energy from an external supplier. 

Also, if the generation rate of the community is less than the electricity consumption, it is affordable for 

the CM to pay incentives to its members to reduce their consumption instead of buying energy from the 

market. For this purpose, the CM is able to perform DR programs in order to be applied by the consumers 

and prosumers. 

Fig. 2 shows the total consumption and generation profiles considered for the community network. The 

data shown on Fig. 2 are the real consumption and generation data for an entire year with three minutes 

time interval, which have been adapted from the smart metering company in Germany (Discovergy GmbH).  

http://www.discovergy.com/
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Fig. 2: Total consumption and generation profiles considered for the community. 

As can be seen in Fig. 2, the generation rate in summer is much higher than in the winter, which is due 

to the high generation rate of PV pilots. Since the rate of consumption is almost equal during the year, the 

CM not only is able to supply the community demand via the local resources but also, it can export energy 

to the external supplier during the summer. Detailed consumption profiles of the community are shown by 

Fig. 3, which are related to residential houses, commercial shops. Commercial centers, and industrial units. 

 

Fig. 3: Consumption profile of the community players: (A) 79 residential houses, (B) 3 commercial centers, (C) 16 

commercial shops, (D) 2 industrial units. 

As it is clear in Fig. 3, the consumption profile of residential houses is a bit lower in summer comparing 

to the winter. This is due to the geographical areas and weather conditions. Also, in the same figure, the 

profile of commercial buildings in the working hours is higher than the nights. These points would be useful 

for the CM in order to perform DR programs or loads scheduling. The profiles shown in Fig. 2 and 3, will 

be used in the next section in order to compare and analyze the annual costs of the community. 
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3. Economic Analysis 

In this section, it is considered that the community is in two countries in Europe: Portugal and Germany. 

Therefore, the electricity prices and regulation of these two countries would be applied in the community 

and the results will be compared. 

The first analysis is given to the annual costs of the community with the Portuguese electricity prices. 

Therefore, the electricity price for consumption has been adapted from [11], which is 0.15 EUR/kWh. Also, 

the price of electricity generation has been adapted from [12], which stands as 0.09 EUR/kWh. Fig. 4 shows 

the calculated annual costs for Portugal. 

 

Fig. 4: Accumulated costs of the community for one year with Portuguese prices. 

Furthermore, Table 1 demonstrates the detailed accumulated consumption costs for the different sectors 

of the community while it operates with Portuguese prices. 

Table 12: Accumulated consumption costs of community with Portuguese electricity prices. 

 

Consumers Producers 

Residential 

Houses 

Commercial 

Centres 

Commercial 

Shops 

Industrial 

Units 

PV and wind 

turbines 

Cost (M€) 
54.6 24.2 9.6 5.4 64.5 

Total: 93.8 Total: 64.5  

Regarding the community costs with Germany electricity prices, Fig. 5 and Table 2 demonstrate the 

economic analysis. In those results, the electricity price for consumption has been adapted from [13], which 

stands for 0.25 EUR/kWh, and the generation costs adapted from [14] stands for 0.09 EUR/kWh.  

 

Fig. 5: Accumulated costs of the community for one year with prices in Germany. 

Table 2: Accumulated consumption costs of community with German electricity prices. 

 

Consumers Producers 

Residential 

Houses 

Commercial 

Centres 

Commercial 

Shops 

Industrial 

Units 

PV and wind 

turbines 

Cost (M€) 
97.7 10.1 28.1 23.5 116.1 

Total: 159.4 Total: 116.1  
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4. Conclusions 

This paper provides a community model of the consumers and producers considering several players. 

The community players consist of residential houses, commercial buildings, and industrial units. Moreover, 

an economic survey on the annual costs of the community was performed. The consumption and generation 

data were the real data adapted from a smart metering company in Germany.  

The results of the paper illustrate a comparison between the consumption and generation costs for an 

entire year while the pricing schemes of the two countries in Europe are applied. These kinds of analysis 

are very useful for network operators and community managers in order to identify the best and optimal 

situations for performing demand response programs and loads scheduling. 
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