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Abstract

:

The decentralization of the large-scale energy sector, its replacement with pro-ecological, dispersed production sources and building a citizen dimension of the energy sector are the directional objectives of the energy transformation in the European Union. Building energy self-sufficiency at a local level is possible, based on the so-called Energy Communities, which include energy clusters and energy cooperatives. Several dozen pilot projects for energy clusters have been implemented in Poland, while energy cooperatives, despite being legally sanctioned and potentially a simpler formula of operation, have not functioned in practice. This article presents the coopetitive nature of Energy Communities. The authors analysed the principles and benefits of creating Energy Communities from a regulatory and practical side. An important element of the analysis is to indicate the managerial, coopetitive nature of the strategies implemented within the Energy Communities. Their members, while operating in a competitive environment, simultaneously cooperate to achieve common benefits. On the basis of the actual data of recipients and producers, the results of simulations of benefits in the economic dimension will be presented, proving the thesis of the legitimacy of creating coopetitive structures of Energy Communities.
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1. Introduction


The decentralization of large-scale energy, its replacement with pro-ecological, distributed generation sources, and building a civic dimension of the energy sector are the directional objectives of the energy transformation in the European Union (Clean Energy Package—CEP). Community legislation does not impose a precise formula for achieving these goals, giving individual member states freedom of action. Building energy self-sufficiency at a local level is possible on the basis of formulas called Energy Community (EC). The first is the energy community defined in the Renewable Energy Directive REDII [1] and focusing on the area of renewable energy, including the Renewable Energy Community. Citizens Energy Community (CEC) [2], which is implemented within the so-called Market Directive, is the second form of activity. Both of these concepts serve the development of distributed energy in the local dimension, have legal personality and are characterised by voluntary and open participation. The main goal of their operation is to run activities that bring economic and environmental benefits in the local and regional dimension, which are aimed at building self-sufficiency and energy independence [3,4].



The EU direction of transformation of the energy market has also been reflected in Polish law, where, similarly to the Community regulations, two concepts were created that introduce the civic dimension of energy [5]. These include energy clusters and energy cooperatives—with the latter being the latest form of support for distributed civic energy are the subject of this article. Energy cooperatives are voluntary associations of energy consumers and producers, who jointly declare and implement the goals of building energy independence. Thanks to which we are able to achieve additional benefits together [3,6].



In practice, the realization of additional benefits is associated with the coopetitive interaction of players. Coopetition is a deliberate strategy of mixing cooperation and competition [7] at different stages and arenas in order to achieve better individual and collective results [8]. The term coopetition has been present in strategy literature for many years now, allowing for several threads of research to exploit or investigate it. Firstly, a theoretical view of coopetition has been developed as related fields theory extension. Game theory brought into light the need to deliberately transform inter-organizational market relations into a positive sum game or reshape competition structure [9]. The strategic behaviour perspective attracted attention to the rent appropriation issue, which is far more in a manager’s scope than mere rent generation, and it has syncretic forms beyond those discussed in literature [10]. Inter-organizational dynamics in turn provided theoretical grounds for showing that coopetition is a dynamic process that emerges between cooperating parties and leads to intertwining rent maximization and rent appropriation behaviours [11]. Secondly, a growing body of empirical investigation has brought a substantial body of mainly case-study based evidence that provides rich insights into both coopetition’s nature and its dynamics. Several industries have been under scrutiny, most notably: professional football [12], insurance [13], cultural institutions [14], information and communication technologies [15], transportation industry [16], banking [17], purchasing groups [18], and electro-mobility [19]. Another thread of research has a clearly theoretical inclination because it expects coopetition to appear between market players [13], or it suggests that this option is in their best interest [9]. Therefore, coopetition is seen as a collective and individual ideal strategy. Those actors that do not deliberately use it fall into a non-equilibrium or suboptimal option. Under-performing competitive strategies have the traits of individual rationality. which is not optimal in a multi-actor context typical to coopetition under scrutiny. Those claims remain broadly grounded in game theoretical applications to cooperative settings. Rational collective decision making models, such as the prisoner’s dilemma repeated game, suggest that cooperation between competitors clearly yields best results for all players. Yet, empirical findings suggest that many managers choose to remain outside coopetitive strategies. The theoretical underpinnings of this thread of research rely heavily upon collective strategies models using game theoretical mathematics.



The aim of this paper is to advance coopetition empirical findings by addressing the case study of energy communities. The individual and innovative contribution of the authors to research in this area is the element of empirical research that clearly demonstrates the legitimacy of the application of coopetition strategies. Combining the context of energy communities with the analysis of the effects of coopetition (both joint and individual) has never been the subject of empirical analyses.



The hypothesis reflects the statement that coopetition seems to be favourable for all the actors involved, while functioning on ones’ own gives worse results both the individual and collective level. The paper is organized into four sections. First, the characteristics of the functioning of an energy cooperative are being presented in order to identify their background and identify the benefits. Second, simulation assumptions for research on cooperatives are listed, showing the details of the empirical analysis background. Third, an economic analysis focusing on the main findings is shown. The fourth one presents the results and conclusions also stressing the limitations of the paper and a further research agenda.




2. Background—Characteristics of the Functioning of an Energy Cooperative with the Identification of Benefits


2.1. Energy Cooperative as a Response to REC and CEC


Poland is a country where the energy sector is still dominated by worn-out system units fuelled by hard coal and lignite. On the other hand, there is strong legislative pressure as well as pressure formulated in terms of social expectations to carry out difficult but necessary energy transformation processes. One of the three pillars of the strategic direction document—Poland’s Energy Policy until 2040, concerns the issue of a zero-emission energy system. This area assumes the need for a strong development of local and civic energy, and the measure of the goal is to increase the share of recipients that are actively participating in the market. It is assumed that 300 energy sustainable areas and a million prosumers will be created by 2030 [20].



One of the solutions enabling the acceleration of Poland’s green transformation is the popularization of local energy communities and the consequent decentralization of the energy sector. The definition of an energy cooperative appeared in Polish law in 2019 during the amendment to the Act on Renewable Energy Sources [21]. According to this legal act, an energy cooperative is a cooperative within the meaning of the provisions of the Cooperative Law [22] and the Act on farmers’ cooperatives [23] (in the case of agricultural cooperatives), the subject of which is the production of electricity, heat, or biogas only for the own needs of an energy cooperative and its members.



Energy cooperatives:




	
may be established in the area of a rural or urban-rural commune or in the area of not more than three adjacent communes of this type,



	
they can operate in the area of operation of a single distribution system operator supplying electricity to producers and customers who are members of this cooperative, whose installations are connected to the network of a given operator. The area of operation of an energy cooperative is determined on the basis of the places of connection of producers and customers who are members of this cooperative to the distribution network,



	
operate within low and medium voltage networks,



	
may have from three to 999 members inclusive,



	
where their object of activity is the production of:




	○

	
electricity, total installed electrical capacity of all renewable energy installations:




	▪

	
makes it possible to cover not less than 70% of the own needs of an energy cooperative and its members during the year,




	▪

	
does not exceed 10 MW,










	○

	
heat, the total achievable thermal power does not exceed 30 MW, and




	○

	
biogas, the annual capacity of all installations does not exceed 40 million m3.









	
may be created only by natural or legal persons.








The main goals of establishing energy cooperatives include:




	
building local energy self-sufficiency,



	
increasing the energy independence of mainly rural areas and small towns,



	
improving the living conditions and running a business in rural areas, including increasing the competitiveness of the agro-food sector, achieved thanks to cheaper energy media, and



	
increasing the use of locally occurring renewable resources.









2.2. Principles of Operation and Settlement in an Energy Cooperative


Energy cooperatives operate on the basis of a prosumer system that consists of an energy settlement that is based on the so-called discounts. An energy seller only settles accounts with an energy cooperative for the difference between the amount of electricity that is introduced to the electricity distribution network and the amount of electricity collected from this network for its own needs by the cooperative (its members) in the ratio of the corrected quantitative factor of 1 to 0.6 (in the case of prosumers, depending on the power of the installation, the coefficients 1 to 0.8 or 1 to 0.7 apply) [24,25]. In other words, for 1 MWh of energy produced by the cooperative and not used at the moment by the members of the cooperative, i.e., fed into the distribution network (the network in this situation acts as a storage for energy not used by the cooperative), 0.6 MWh of energy can be obtained from it. This can happen at any time within the billing period when the cooperative’s generation sources do not meet the current demand. This settlement applies to electricity that is introduced and taken from the distribution network by all electricity producers and consumers who are members of an energy cooperative. The same principle applies if the subject of the cooperative’s activity is heat or biogas. Therefore, it should be assumed that the more it is possible to “synchronize” the amount of energy that is produced with its receipt at a given moment within the cooperative entities, so as not to discharge the surplus energy production into the grid, the greater the economic effects of the energy cooperative will be. It can be said that the distribution network will, in such a situation, only “secure” the internal energy economy of the cooperative.



As a prosumer, an energy cooperative functions in the power system under a comprehensive agreement that is signed with an external energy supplier. This agreement regulates the issues of both distribution and sale of possible energy shortages to the cooperative. For an energy seller, an energy cooperative is one collective end-user subject to a single settlement. For the needs of internal settlements of an energy co-operative between its individual members, the seller provides the amount of energy that is introduced and taken from the grid by individual members of the co-operative. The cooperative settles them in accordance with internally adopted rules. The amount of unused energy remains to be collected (compensated) within the given 12-month billing period. The functioning of an energy cooperative is associated with specific benefits at the cooperative level, which can then be cascaded onto its members. The seller carries out the settlement of the energy cooperative, in the discount model, on the basis of measurement data that are provided by the distribution system operator (DSO). The first of the benefits is:




	
maximization of energy self-consumption—achieved thanks to the daily-hourly balancing of the amount of electricity that is introduced to and taken from the distribution network by all producers and consumers belonging to an energy cooperative after prior summary balancing of the amount of energy introduced and taken from the distribution network from all installation phases.








From the settled amount of electricity, an energy cooperative:




	
does not pay settlement fees to the seller and



	
does not pay distribution service fees, the amount of which depends on the amount of electricity consumed by all producers and consumers of the cooperative (variable distribution component).








For the amount of electricity that is generated in all renewable energy installations of an energy cooperative and then consumed by all electricity consumers of the energy cooperative:




	
is not charged and charged:




	○

	
RES charges referred to in Art. 95 paragraph. 1 of the Act on Renewable Energy Sources,




	○

	
capacity fee, as defined in the provisions of the Act of 8 December 2017 on the capacity market,




	○

	
cogeneration fee within the meaning of the provisions of the Act of 14 December 2018 on the promotion of electricity from high-efficiency cogeneration,




	○

	
excise duty, provided that the total installed electric capacity of all renewable energy installations of the energy cooperative does not exceed 1 MW, and









	
the obligations to redeem the certificates of origin or to pay the substitution fee referred to in Art. 52 sec. 1 (green and blue certificates), nor those resulting from Art. 10 of the Energy Efficiency Act (white certificates).








The model of internal settlements of produced and consumed electricity can be carried out for any time horizon—e.g., for an hour.





3. Materials and Methods


The basic methodological approach presented in this article is a case study analysis of energy communities and it was based on an economic analysis of real market data.



A case study includes:




	
background introduction—characteristics of the functioning of an energy cooperative with the identification of benefits,



	
defining the simulation assumptions for research on cooperatives,



	
economic analysis, and



	
effects of coopetition within the energy communities.








3.1. Simulation Assumptions for Research on Cooperatives


It was necessary to prepare simulation scenarios reflecting the energy cooperative that could function in reality and the relations between its members in order to simulate and test the hypothesis. Actual data on producers and consumers of energy in rural areas were adopted for analytical and simulation activities due to the definition indicating that an energy cooperative is a solution aimed, in particular, at stimulating the construction of energy communities in rural areas. An energy cooperative was created for simulation purposes, reflecting various: (i) location character, (ii) level of demand for electricity, (iii) nature of economic activity of cooperative members, (iv) electricity consumption profile for each member of the cooperative, (v) production potential among cooperative members, and (vi) the level of voltage supplying cooperative members. The construction of an energy cooperative also takes the formal and legal aspects resulting from the applicable regulations into account. In particular, the location criterion regarding the allocation of members in the area of up to three adjacent rural or rural urban communes was maintained, as well as the need to balance at least 70% of the demand from own generation sources.



The simulation process was carried out in several stages in order to thoroughly examine the effects of establishing an energy cooperative:




	
In the first stage, 11 farms meeting the criteria described above were selected and the actual costs of purchasing electricity along with the distribution service were calculated, taking the current tariff rates into account. The obtained results constituted a reference for the results of further simulations.



	
The second stage assumed that each farm would build its own power source, adjusted to the demand profile with the generation profile. For the prosumers created in this way, the calculation of the costs of purchasing the missing energy along with the distribution service was carried out in the same way as for the first stage. The obtained results illustrate the benefit of becoming an individual prosumer. The selection of generation sources, i.e., generation technology and source power, was optimized in terms of the target combination of receiving and generating facilities into a cooperative. The objective function was to minimize the sum of energy that is drawn from the grid from outside the grid storage and the state of the energy storage at the end of the billing period.



	
The third stage assumed the consolidation of farms–prosumers within the framework of an energy cooperative, and the calculation of the effects of self-balancing, an increase in self-consumption, and the costs of purchasing missing energy. The result of simulations and calculations was to be the cost seen from the perspective of the entire cooperative, which was ultimately to be decomposed for each of its members. The results of the decomposition were to make it possible to evaluate the profitability of joining the cooperative for all of its members.








3.1.1. Assumptions for Stage 1


The purpose of the selection of farms was to reflect:




	
location character—the simulation was made for entities located in the Silesia Voivodeship, and the selection additionally took different locations of communes in the voivodeship into account. The choice of this voivodeship was also aimed at reproducing the level of insolation typical for the country, and thus the generation efficiency,



	
different levels of demand for electricity—under this criterion, participants were selected taking into account the diversity of individual energy demand of each of them. The cooperative was composed of participants with low consumption of 52 MWh/year, up to the level of 3574 MWh/year,



	
the nature of the economic (agricultural) activity—the selection of participants reflected the division in force in Polish law by the so-called PKD (Polish Classification of Activities) codes that are appropriate for typical agricultural activities, i.e., agricultural crops, vegetable cultivation, cereal cultivation, poultry, pig, and cattle breeding, as well as services for the agricultural sector. The full classification is included in the commentary to Table 1,



	
electricity consumption profile for each member of the cooperative—the tariff diversity in force in Poland, and which may occur among members of energy cooperatives, was taken into account. Entities belonging to one, two, or three zone tariffs were selected, thanks to which the diverse nature of energy consumption was reproduced,



	
electricity consumption profile for each member of the cooperative—the tariff diversity in force in Poland, and which may occur among members of energy cooperatives, was taken into account. Entities belonging to one, two or three zone tariffs were selected, thanks to which the diverse nature of energy consumption was reproduced,



	
different levels of supply voltage for farms—consumers supplied at the medium (MV) and low (LV) voltage level, and



	
production potential among cooperative members—the selection of municipalities took into account the possibility of building renewable energy sources in each of the technologies: wind, photovoltaic, biogas, biomass, and water.








Where:



Agricultural activity profile:




	
01.13.Z—Growing vegetables, including melons, and growing root crops and tubers,



	
01.46.Z—Pig rearing and breeding, and



	
01.47.Z—Poultry Farming and Breeding








For economic analyses, the tariff rates for both the sale of electricity as a commodity and distribution were used. The rates of DSO—Tauron Distribution and Tauron Sales for 2020 were taken into account, being additionally increased by the capacity fee related to the introduction of the capacity market in Poland from 1 January 2021. Table 2 and Table 3 present the individual price components.




3.1.2. Assumptions for Stage 2


The purpose of the selection of farms was to reflect:




	
the selection of generation sources, both in terms of generation technology and capacity, was aimed at achieving the effect of minimizing the sum of energy that is purchased from the grid outside the grid storage and the stock at the end of the billing period. For the purposes of the simulation, it was assumed that the total annual energy production in each farm cannot exceed 120% of the annual energy demand. This level guarantees the full balance of each farm in the annual settlement period, while not guaranteeing an hourly balance,



	
Poland has moderately favourable sun exposure conditions, however, the prosumer energy industry is almost 100% based on photovoltaic sources. For the purposes of the simulations, it was assumed that at least 25% of energy production in all farms comes from solar energy. Additionally, the power limitations for a single PV farm were adopted from 0 to 1000 kW with increments of 50 kW,



	
due to unfavourable hydrological conditions, it was assumed that ultimately a maximum of one hydroelectric power plant may operate within an energy cooperative. An assumption was made, which is reflected in practice, that a small hydropower plant is characterised by a low power of several dozen to several hundred kW. Therefore, the simulation takes the power limitations of a single source from 0 to 500 kW in increments of 50 kW into account, and it was assumed that it would be only in one farm,



	
rural and rural-urban areas are very often undeveloped or low-built areas. This location is favourable for the construction of low-mast, low, and medium power wind sources. For the needs of analytical and simulation works, it was assumed that the participants of the cooperative could build sources with a capacity from 0 to 1000 kW with an increment of 250 kW,



	
agricultural land is also a space for the construction of biogas and biomass sources, guaranteeing high generation efficiency and stability of the production profile. For the simulation, for both biomass and biogas, power limitations of the sources from 0 to 600 kW with increments of 200 kW were assumed, and



	
due to the fact that the installation of new sources is associated with significant costs, it was assumed that one farm has at most two sources of energy production when selecting production sources to optimally balance the demand.








For the assumptions that are indicated for stages 1 and 2, an optimization process was carried out in order to select the type and capacity of generating sources based on a dedicated mathematical model using the mixed integer programming technique. GLPK software was used for modelling, in particular, the GMPL high-level language made available. The presentation of the mathematical model and the detailed analysis of the results are not the subject of this work and constitute separate publication material [28]. The results presented in Table 4 were obtained as a result of the optimization.






4. Economic Analysis


Based on the above-mentioned assumptions, an analysis of the costs of energy purchase was carried out along with the distribution service for each of the three stages. In the first stage, in which each farm purchased all electricity from the seller—Tauron Sales GZE on the basis of a comprehensive contract (energy and distribution), it was possible to observe the level of personalized annual costs from PLN 35,000 to over PLN 1.85 million. The total cost for all farms exceeded 5.14 million PLN/year, of which 4.28 million PLN (85%) is the cost of energy as a commodity, and the remaining 0.87 million PLN (15%) is the cost of distribution and power fee. The calculations were made while taking the actual number of hours and energy for each hour zone in each of the tariff groups into account. Table 5 presents the detailed calculation results. The second stage included the settlement of each farm that is equipped with its own source or generation sources with the power and generation technology that is presented in Table 4. Having a separate generation of each farm allowed for obtaining the status of a prosumer and reducing the amount of energy that is purchased from the seller. Depending on the effectiveness of the source selection, the total level of self-consumption obtained for all prosumers amounted to 5.84 GWh, which, in relation to the total level of demand of 9.76 GWh, constituted nearly 60%. This energy and the energy collected in the discount model from the network storage are both not subject to distribution and sales fees. Full payment for energy and distribution only occurs in the event of an imbalance of each prosumer. The total amount of energy purchased from the seller for balance purposes by all prosumers amounted to 2.14 GWh. This purchase was associated with a cost of PLN 1.12 m, of which PLN 0.94 m (84%) was the cost of energy, and PLN 0.18 m was the cost of distribution and power charges.



The third stage involved the settlement of an energy cooperative that consists of 11 farms with the status of a prosumer. The illustration of the synthetic model showing the calculation method is as follows:


  C o s  t T  =   ∑   n = 1  c        ∑   d = 1   365         ∑   t = 1  k     V  E t   ×    P  E t   +  P  D t       +   ∑   h = 7   22      V  E h   ×  P  C M        d     n   



(1)




where:




	
CostT—total cost of electricity purchase



	
t—number of tariff zones



	
h—hours 7:00 a.m.–10:00 p.m.



	
c—number of customers (1—for individual or prosumer, 11—for cooperative)



	
VEt—volume of electricity consumption in each of scenarios (discount model for prosumer: 1/0.8 or 1/0.7; for cooperative 1/0.6)



	
VEh—volume of electricity consumption in peak hours in working days



	
PEt—electricity price in tariff zone ‘t’; tmax = 4



	
PDt—price of electricity distribution in tariff zone ‘t’



	
PCM—Settlement price on capacity market 76.20 PLN/MWhv [29].








A detailed model of settlements for energy cooperatives is described in the draft of legal regulation [30]. The financial results broken down into cost streams: energy purchase, distribution, and capacity market are presented in Table 5.



The merging of the demand–supply profiles of prosumers allowed for self-consumption at the level of 64%, i.e., 393 MWh more than in the case of individual prosumer settlement (Stage 2). The amount of electricity charged and subject to charges has also decreased, from 2.142 GWh (Stage 2) to 2.073 GWh. The above elements contributed to the reduction of the total cost of energy purchase and distribution services, which, for the entire energy cooperative, amounted to 0.963 million PLN/year, of which nearly 0.792 million PLN (82%) was the cost of energy. It is also worth emphasizing that the optimization of the selection of generation sources for individual participants was aimed at minimizing the sum of the volume purchased from the seller and the stock of network storage at the end of the settlement period. For this reason, energy losses that could not be used within the 12-month billing period were minimized. The reduction was achieved from 270 MWh for stage 2 to 67 MWh for stage 3.




5. Results and Discussion


The conducted profitability analysis of an energy cooperative, the results of which are presented in Table 5, allows for concluding that the creation of an energy cooperative on the basis of farms with the prosumer status additionally affects the emergence of benefits in the form of over 157 kPLN per year. Such a good result is obtained, despite a worse discount rate. In the case of a farm–a prosumer, this ratio is 1/0.7 and, for a cooperative, it is 1/0.6 (introduced to the 1 MWh network results in the possibility of free collection of 0.7 or 0.6 MWh). The financial effect that is obtained by the cooperative should be transferred to its individual members. In order to simulate such a separation, a key was used, depending on the share of each member of the cooperative in generating savings. The greater the daily-hourly profile of a cooperative member was correlated with the instantaneous generation of electricity and condition of the network warehouse, the greater its share in the profit distribution was obtained. Table 6 presents the results of such a division and they correspond to the model specified in the draft of legal regulation [30]. It shows that two members of the cooperative achieved a deterioration of the financial result in relation to the scenario, when they were only farms with a prosumer status. It is worth emphasizing that this happened, despite the fact that the financial result obtained by the entire cooperative was in favour of the cooperative.



In the context of the results obtained, one can ask whether if the cooperative did not include four and seven members, the obtained result for the entire cooperative and for its other members would still be favourable. For this purpose, the same profitability analysis was carried out for the entire cooperative with nine members (excluding farms with the prosumer status marked with numbers 4 and 7). Table 7 presents the results that were obtained for the original scenario of the cooperative (stage 3a) and for the cooperative with a reduced number of members (stage 3b).




6. Conclusions


	
Eliminating members of cooperatives 4 and 7 does not have a positive effect on the final benefit for the whole cooperative.



	
For step 3b, the distribution of benefits indicates that only members numbered 6 and 8 gain as compared to scenario 3a. The remaining seven members have a worse financial result.



	
The financial effect that is obtained in stage 3b is PLN 4,073 worse than in stage 3a. Therefore, it can be concluded that the departure of two members of the cooperative, for whom it was unprofitable to participate in it, deteriorates, as a rule, the results of other members. At this point, it becomes reasonable to leave members 4 and 7 in the coopetitive actions aimed at financing the loss recorded by them, by other members. Such an approach, apart from covering the loss, allows for the generation of benefits of PLN 1773 (as compared to scenario 3b), which can be distributed with the appropriate key to all members of the cooperative.






The results of the conducted research and simulations, which constitute an individual and pioneering contribution of members of the authors’ team, very faithfully reflecting the specificity of the operation of energy cooperatives and based on actual data, confirm that the profitability of energy cooperatives is very dependent on the nature and supply-demand profile of its members. The profitability of the energy cooperative is additionally lowered, due to the less favourable discount rate when compared to the standard prosumer scenario. However, the analyses that were carried out clearly indicate that it is possible to obtain benefits within the cooperative both on the global and individual level. This statement confirms the realization of article’s goal as well as positively tests the hypotheses.



It is worth emphasizing that not all energy consumers may become owners of their own generation sources and be prosumers. This is the case, for example, due to location limitations, a lack of space to develop the source, or high investment costs. The model of an energy cooperative guarantees very tangible benefits in each of such cases for each of the members. Additionally, within the energy community, it becomes possible to build ties and relationships that aimed at searching for the best financial effect, as seen from the perspective of the community and translating into individual benefits.



Many empirical papers clearly demonstrate that competitors either purposefully use cooperative behaviours to generate and capture rents, or should behave so. The founding achievement of coopetition research community is much more than coining a term for a complex phenomenon. This brings attention to attitudes, behaviours that prevent actors from coopetition strategy implementation.



This paper limitations may be attributed to selective case study presentation. This study does not have exhaustive ambitions, but, in turn, it might be biased by the omission of many theoretical and empirical works. Theoretical sampling satisfies for listing empirical case studies analysed by other coopetition researchers, but it does not provide representative results. Instead, it creates a sharp picture of the research community’s current efforts. Moreover, the analysis case study is also selective. While those reasons suggest a prudent use of findings, their formulation remains straightforward. Yet, whether coopetition is a theory or just another dynamic capability as well their positive impact on individual and collective results remains to be tested.
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Table 1. Characteristics of the selection of farms.






Table 1. Characteristics of the selection of farms.





	
Characteristics

	
Cooperative 1






	
Voivodeship

	
Silesia




	
Number of members

	
11




	
Agricultural activity profile and number of members

	
01.46.Z; ż (3) 01.13.Z; (3)




	
01.47.Z; (5)




	
Voltage level (LV/MV) and number of members

	
LV (4)




	
MV (7)




	
Tariff group and number of members

	
C11 (2)




	
C12a (1)




	
C22b (1)




	
B21 (1)




	
B23 (6)




	
Electricity demand [MWh/year]

	
9 757




	
Minimum, average and maximum energy consumption

by a cooperative member [MWh/year]

	
min: 52




	
mean: 887




	
max: 3 574
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Table 2. Distribution tariffs included in the calculation [26].






Table 2. Distribution tariffs included in the calculation [26].





	
Tariff Group

	
All

Day

	
Day/

Peak

	
Night/

Offpeak

	
1st Peak

	
2nd Peak

	
Rest of the Day

	
Qualitative Rate

	
Capacity Fee




	
PLN/MWh

	
PLN/MWh

	
PLN/MWh






	
B11

	
67.27

	

	

	

	

	

	
13.33

	
76.2




	
B21

	
55.26

	

	

	

	

	

	
13.33

	
76.2




	
B22

	

	
53.48

	
53.48

	

	

	

	
13.33

	
76.2




	
B23

	

	

	

	
35.13

	
35.13

	
35.13

	
13.33

	
76.2




	
Tariff Group

	
PLN/kWh

	
PLN/kWh

	
PLN/kWh




	
C21

	
0.1422

	

	

	

	

	

	
0.0133

	
0.0762




	
C22a

	

	
0.1422

	
0.1422

	

	

	

	
0.0133

	
0.0762




	
C22b

	

	
0.1422

	
0.1422

	

	

	

	
0.0133

	
0.0762




	
C23

	

	

	

	
0.1564

	
0.2274

	
0.1138

	
0.0133

	
0.0762




	
C11

	
0.1401

	

	

	

	

	

	
0.0133

	
0.0762




	
C12a

	

	
0.1315

	
0.1315

	

	

	

	
0.0133

	
0.0762




	
C12b

	

	
0.1315

	
0.1315

	

	

	

	
0.0133

	
0.0762
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Table 3. Sales tariffs included in the calculations [27].
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Tariff Group

	
All Day

	
Peak

	
Offpeak

	
Day

	
Night

	
1st Peak

	
2nd Peak

	
Rest of the Day




	
PLN/MWh






	
B11

	
447.00

	

	

	

	

	

	

	




	
B21

	
437.00

	

	

	

	

	

	

	




	
B22

	

	
506.00

	
390.00

	

	

	

	

	




	
B23

	

	

	

	

	

	
500.00

	
586.00

	
359.00




	
Tariff Group

	
PLN/kWh




	
C21

	
0.471

	

	

	

	

	

	

	




	
C22a

	

	
0.585

	
0.425

	

	

	

	

	




	
C22b

	

	

	

	
0.541

	
0.365

	

	

	




	
C23

	

	

	

	

	

	
0.602

	
0.644

	
0.380




	
C11

	
0.489

	

	

	

	

	

	

	




	
C12a

	

	
0.600

	
0.422

	

	

	

	

	




	
C12b

	

	

	

	
0.591

	
0.364
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Table 4. Characteristics of the sources and obtained results of generation simulation.
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Id

	
Production

	
Consumption

	
Capacity [kW]




	
Total [GWh/Year]

	
Average Daily [kWh/Day]

	
Total [GWh/Year]

	
Average Daily [kWh/Day]

	
PVPP

	
SWPP

	
WPP

	
BMPP

	
BGPP






	
Total

	
8.760

	
997

	
9.757

	
1111

	
3810

	
200

	
3750

	
400

	
600




	
Farm1

	
0.175

	
44

	
0.190

	
22

	
175

	

	

	

	




	
Farm2

	
0.105

	
27

	
0.104

	
12

	
105

	

	

	

	




	
Farm3

	
0.270

	
31

	
0.255

	
29

	
70

	
200

	

	

	




	
Farm4

	
1.245

	
149

	
1.102

	
125

	
495

	

	
750

	

	




	
Farm5

	
0.540

	
62

	
0.501

	
57

	
140

	

	

	
400

	




	
Farm6

	
2.000

	
239

	
3.574

	
407

	
1000

	

	
1000

	

	




	
Farm7

	
1.960

	
234

	
1.809

	
206

	
960

	

	
1000

	

	




	
Farm8

	
1.370

	
164

	
1.124

	
128

	
370

	

	
1000

	

	




	
Farm9

	
0.905

	
105

	
0.900

	
102

	
305

	

	

	

	
600




	
Farm10

	
0.140

	
35

	
0.146

	
17

	
140

	

	

	

	




	
Farm11

	
0.050

	
13

	
0.052

	
6

	
50

	

	

	

	








Where: PVPP—Photovoltaic power plant; SWPP—Small hydro power plant; WPP—Wind power plant; BMPP—Biomass power plant; BGPP—Biogas power plant.
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Table 5. Economic calculations results.






Table 5. Economic calculations results.





	
Stage

	
Users 1

	
Self-Consumption

	
Collection from the Network Storage

	
Loss on the Network Storage

	
Consumption from the Network (Outside the Storage)

	
Energy Cost

	
Distribution Cost

	
Capacity Market

	
Total




	
kWh/Year

	
PLN






	
1

	
F1

	
-

	
-

	
-

	
-

	
88,669

	
27,552

	
6721

	
122,941




	
F2

	
-

	
-

	
-

	
-

	
49,043

	
16,191

	
3255

	
68,489




	
F3

	
-

	
-

	
-

	
-

	
111,380

	
17,482

	
10,091

	
138,953




	
F4

	
-

	
-

	
-

	
-

	
480,833

	
53,400

	
38,133

	
572,366




	
F5

	
-

	
-

	
-

	
-

	
218,677

	
24,286

	
17,342

	
260,305




	
F6

	
-

	
-

	
-

	
-

	
1,559,584

	
173,204

	
123,684

	
1,856,472




	
F7

	
-

	
-

	
-

	
-

	
789,190

	
87,645

	
62,587

	
939,423




	
F8

	
-

	
-

	
-

	
-

	
490,443

	
54,467

	
38,895

	
583,806




	
F9

	
-

	
-

	
-

	
-

	
392,840

	
43,628

	
31,155

	
467,622




	
F10

	
-

	
-

	
-

	
-

	
71,262

	
22,355

	
4866

	
98,484




	
F11

	
-

	
-

	
-

	
-

	
25,392

	
7966

	
1734

	
35,091




	
T(1)

	
-

	
-

	
-

	
-

	
4,277,313

	
528,175

	
338,464

	
5,143,952




	
2

	
P1

	
65,555

	
76,611

	
0

	
48,109

	
22,910

	
6966

	
1406

	
31,282




	
P2

	
32,634

	
47,963

	
2693

	
23,527

	
10,682

	
3658

	
541

	
14,881




	
P3

	
188,672

	
42,922

	
14,008

	
23,280

	
10,173

	
1597

	
1078

	
12,848




	
P4

	
731,788

	
303,503

	
55,756

	
66,651

	
29,633

	
3230

	
2562

	
35,425




	
P5

	
421,531

	
55,368

	
27,568

	
24,250

	
11,185

	
1175

	
819

	
13,179




	
P6

	
1,701,672

	
208,830

	
0

	
1,663,653

	
723,439

	
80,621

	
47,803

	
851,862




	
P7

	
1,155,359

	
504,022

	
59,235

	
149,234

	
66,120

	
7232

	
5124

	
78,475




	
P8

	
777,016

	
318,016

	
97,093

	
28,934

	
12,694

	
1402

	
1014

	
15,110




	
P9

	
703,174

	
126,986

	
14,302

	
70,125

	
31,827

	
3398

	
2118

	
37,343




	
P10

	
49,230

	
63,539

	
0

	
32,961

	
16,118

	
5056

	
894

	
22,068




	
P11

	
17,551

	
22,714

	
0

	
11,661

	
5702

	
1789

	
318

	
7809




	
T(2)

	
5,844,183

	
1,770,474

	
270,655

	
2,142,384

	
940,483

	
116,124

	
63676

	
1,120,283




	
3

	
M1

	
-

	
-

	
-

	
-

	
18,147

	
5481

	
1220

	
24,848




	
M2

	
-

	
-

	
-

	
-

	
8446

	
2872

	
474

	
11,793




	
M3

	
-

	
-

	
-

	
-

	
9208

	
1445

	
1031

	
11,685




	
M4

	
-

	
-

	
-

	
-

	
29,930

	
3385

	
2673

	
35,989




	
M5

	
-

	
-

	
-

	
-

	
10,228

	
1045

	
750

	
12,023




	
M6

	
-

	
-

	
-

	
-

	
594,082

	
78,209

	
46,298

	
718,589




	
M7

	
-

	
-

	
-

	
-

	
67,245

	
7578

	
5389

	
80,211




	
M8

	
-

	
-

	
-

	
-

	
11,875

	
1460

	
1020

	
14,354




	
M9

	
-

	
-

	
-

	
-

	
25,970

	
2809

	
1887

	
30,666




	
M10

	
-

	
-

	
-

	
-

	
12,262

	
3847

	
738

	
16,847




	
M11

	
-

	
-

	
-

	
-

	
4366

	
1370

	
263

	
5998




	
C (3)

	
6,237,022

	
1,446,487

	
67,317

	
2,073,532

	
791,760

	
109,500

	
61,744

	
963,004




	

	
(2)–(1)

	
-

	
-

	
-

	
-

	
−3,336,830

	
−412,051

	
−274,788

	
−4,023,669




	

	
(3)–(1)

	
-

	
-

	
-

	
-

	
−3,485,553

	
−418,676

	
−276,720

	
−4,180,948




	

	
(3)–(2)

	
392,839

	
−323,988

	
−203,338

	
−68,851

	
−148,722

	
−6625

	
−1932

	
−157,279








1 Where: F—Farm; P—Prosumer; M—Member of cooperative; T—Total; C—Cooperative.
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Table 6. Economic effect for an energy cooperative.
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Users

	
Total Cost for Stage 2

	
Total Cost for Stage 3

	
Stage 3–Stage 2




	
PLN






	
Member1

	
31,282

	
24,848

	
−6434




	
Member2

	
14,881

	
11,793

	
−3088




	
Member3

	
12,848

	
11,685

	
−1163




	
Member4

	
35,425

	
35,989

	
564




	
Member5

	
13,179

	
12,023

	
−1156




	
Member6

	
851,862

	
718,589

	
−133,272




	
Member7

	
78,475

	
80,211

	
1736




	
Member8

	
15,110

	
14,354

	
−756




	
Member9

	
37,343

	
30,666

	
−6678




	
Member10

	
22,068

	
16,847

	
−5221




	
Member11

	
7809

	
5998

	
−1811




	
Total

	
1,120,283

	
963,004

	
−157,279
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Table 7. Decomposition of the cooperative’s result into its members.
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Stage

	
Users

	
Energy Cost

	
Distribution Cost

	
Capacity Market

	
Total

	
Advantage

	
Loss




	
PLN






	
3a

	
Member1

	
−4762

	
−1485

	
−186

	
−6434

	
−6434

	




	
Member2

	
−2235

	
−786

	
−67

	
−3088

	
−3088

	




	
Member3

	
−965

	
−151

	
−47

	
−1163

	
−1163

	




	
Member4

	
297

	
155

	
111

	
564

	

	
564




	
Member5

	
−957

	
−130

	
−69

	
−1156

	
−1156

	




	
Member6

	
−129,357

	
−2412

	
−1504

	
−133,272

	
−133,272

	




	
Member7

	
1125

	
346

	
265

	
1736

	

	
1736




	
Member8

	
−819

	
58

	
6

	
−756

	
−756

	




	
Member9

	
−5857

	
−590

	
−231

	
−6678

	
−6678

	




	
Member10

	
−3856

	
−1210

	
−156

	
−5221

	
−5221

	




	
Member11

	
−1336

	
−419

	
−55

	
−1811

	
−1811

	




	
Cooperative (3)

	
−148,722

	
−6625

	
−1932

	
−157,279

	
−159,579

	
2300




	
3b

	
Member1

	
−3911

	
−1222

	
−149

	
−5281

	
−5281

	




	
Member2

	
−1819

	
−660

	
−51

	
−2529

	
−2529

	




	
Member3

	
−310

	
−49

	
38

	
−321

	
−321

	




	
Member4

	
-

	
-

	
-

	
-

	
-

	




	
Member5

	
−441

	
−82

	
−32

	
−555

	
−555

	




	
Member6

	
−130,791

	
−3435

	
−731

	
−134,957

	
−134,957

	




	
Member7

	
-

	
-

	
-

	
-

	
-

	




	
Member8

	
−934

	
15

	
−10

	
−929

	
−929

	




	
Member9

	
−4459

	
−444

	
−133

	
−5037

	
−5037

	




	
Member10

	
−3242

	
−1017

	
−123

	
−4382

	
−4382

	




	
Member11

	
−1120

	
−351

	
−44

	
−1515

	
−1515

	




	
Cooperative (3)

	
−147,027

	
−7245

	
−1235

	
−155,506

	
−155,506
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