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Abstract: In the present paper, the cognitive focus concerns the synthetic taxonomy of prosumer energy and multilayer 
structure of Smart Grid. The Authors, on the basis of logical and functional structure analysis of selected Micro- Smart Grid, 
as well as created in laboratory conditions environment of virtual integration of prosumer micro-installations with energy 
receivers, distinguish four basic layers of these networks: Prosumer Technology, Operational Technology, Smart Metering, 
Decentralized Systems of Prosumer Energy Management (DSPEM). They have indicated in the paper the processes of 
creation and growth of heterogeneous electricity values in prosumer RES installations, implemented in Micro- Smart Grid 
networks. They have also justified a positive feedback between the processes of energy value creation (the bottom up 
approach) and management functions (the top down approach) assigned to particular layers of Micro- Smart Grid. With 
reference to the adopted research assumption, that cumulation of electricity value created in Micro- Smart Grid networks 
occurs in the fourth layer of DSPEM, the Authors attempt to aggregate attributes of these systems in the following 
dimensions: technological, economic, environmental and social ones. 
 
Index terms: Prosumer Energy, Micro- Smart Grid, Decentralized Systems of Prosumer Energy Management, Electricity 
Value in RES Micro-installations. 
 
I. INTRODUCTION 
 
Prosumer energy is currently created as the third 
generation of entities/sources generating electricity, 
frequently in cogeneration with heat or other energy 
products (this concerns polygeneration sources). 
Prosumer energy according to the scenarios of energy 
development in the world, in this the European Union 
(the Road Map until 2050) [1, 4] – is defined as 
development one – III generation of energy sources. 
With this reference, the 1st generation energy – large 
corporation energy - is considered as the bridging 
one, and dispersed and distributed generation energy 
– 2nd generation – is called the reserve energy. 
In the prosumer energy taxonomy, the concentration 
focuses on the notion portfolio of the term 
“prosumer”. In the present paper, according to the 
subject matter defined in its title – in the synthetic 
grasp it is worth indicating that the prosumer is an 
active consumer involved in co-creation or 
independent creation, consumption of goods and 
services [3, 4], as well as their promotion, distribution 
and/or trade. The prosumer according to the Toffler’s 
third wave [13] creates frequently binary 
relationships with partners who co-create values in 
economic, environmental justification with the 
consideration of needs and social acceptance [7]. A 
natural domain where chances for prosumers can be 
noticed is electro-energy sector, viewed as 
decentralized in the local perspective [4, 12]. The 
energy prosumer is a relatively new term, however, 
presumption processes, without even being aware of 
this fact, are known and socially common, which is 
confirmed by heat production for own needs [3, 4]. It 
should be stressed here that previous common energy 

prosumption frequently concerns (on the consumer 
side) heat production in dispersed energy sources of 
low quality parameters and simultaneously 
combustion of low-calorific fuels, among others, 
cheap coals of very low quality and organic and non-
organic waste. This type of prosumption corresponds 
with the emission growth of a series of harmful 
substances with reference to the background level 
(reference level), and thus, growing pollution of the 
environment with products being the cause of low 
emission creation, in this smog. 
Presently, prosumer energy is defined as a 
transformation from products (electricity, heat, 
transport fuels) acquired separately, as well as from 
sectoral (trade) energy producers and providers – 
towards prosumer value chains, which integrate the 
demand and the supply on the recipient side 
(consumer) – with the use of [10]: highly efficient 
technologies, and first of all dispersed RES micro-
installations1. Prosumers produce electricity and other 
products of secondary or/and final energy (e.g. heat, 
cool, hydrogen) in RES micro-installations, in 
particular for own needs [8]. In case of supply 
surpluses of energy produced in micro-installations – 
with reference to actual autonomous demand, it is 
sold to other recipients in local, decentralized 
networks or directly introduced into the Centralized 
Energy System (e.g. national one). 

                                                             
1 Micro-installation – a renewable source installation of total 
installed power not greater than 40 kW, which can operate in off-
grid configurations, in local decentralized networks or connected to 
the electro-energy network of nominal power lower than 110 kV or 
of heat power reached in cogeneration not greater than 120 kW. 
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With reference to the subject matter defined in the 
title of the present paper, in the portfolio of RES 
micro-installations diffusion determinants the 
Authors have distinguished Decentralized Systems of 
Prosumer Energy Management, being the managing 
(analytic) layer in Micro and Smart Grid networks2. 
In relation to Micro- Smart Grid networks, their 
overarching qualities have to be indicated – work 
conditions optimization, work conditions scheduling 
and controlling heterogeneous prosumer energy 
resources, among others this concerns – RES micro-
installations (of non-linear power availability in the 
calendar dimension), as well as electricity receivers. 
Micro- Smart Grid networks are the virtual 
integration environment of dispersed energy sources, 
in this prosumer micro-installations. The demand and 
supply are balanced in real time in the Micro- Smart 
Grid environment (e.g. on the prosumer side). 
Simultaneously, Micro- Smart Grid carrying 
communication and information functions are the 
environment of knowledge and innovations transfer – 
they stimulate transformation processes of a passive 
recipient into an active one, which can contribute to 
prosumer energy diffusion – 3rd generation energy 
sources, at the same time ensuring an efficient 
demand management in the adjustment to the non-
linear availability of RES micro-installations [5]. 
 
II. OPERATIONAL AND ANALYTIC LAYERS 
OF MICRO- SMART GRID 

 
Micro- Smart Grid is a convergence of low-voltage 
networks and teleinformatic networks. The Micro- 
Smart Grid networks integrate heterogeneous links 
(e.g. technologies on the side of energy prosumers) in 
final energy creation chains (not only the consumed 
value, but also environmental, economic or social 
values). Processes of energy production as well as its 
consumption frequently occur in the integrated links. 
Micro- Smart Grid – according to the idea of 
computer intelligent networks – also means co-
sharing this network resources by various entities of 
producers/consumers/prosumers [5, 8, 11]. It also 
comprises bilateral information exchange between the 
participating entities.  Micro- Smart Grid can also be 
defined as intelligent technologies of electricity 
management, in order to balance the demand and 
supply [5, 8]. In another grasp, Micro- Smart Grid are 
intelligent energy grids in local low-voltage 
networks, which generate the connections between 
the links and processes of electricity value creation 
occurring in them [2]. 
Thus, Micro- Smart Grid networks are self-
controlling “intelligent energy grids”, which 

                                                             
2 Micro- Smart Grid – the integration environment of dispersed 
energy sources of low power, e.g. micro-installations and 
distribution of local generated electricity to final recipients. They 
work as off-grid systems isolated from the energy system an as on-
grid systems integrated with the energy system and low voltage 
networks . 

automatically balance in real time – non-linear 
demand and non-linear supply (non-linearity in the 
calendar dimension). It should be stressed that 
basically these networks are decentralized. In the 
system grasp they are an ecosystem – a set of 
heterogeneous objects, occurring in n-type 
relationships. The superior goal of this ecosystem is 
not only to produce and consume energy in 
decentralized structures, but first of all to create 
environmental and social values connected with: 
reduced consumption of fossil fuels, growth of 
electricity generated in RES in the energy balance, 
and thus, reduction of greenhouse gases in CO2 
equivalent and reduction of air pollution connected 
with low emission or smog. 
The Authors, on the basic of the analysis of logical 
and functional structure of selected Micro- Smart 
Grid, as well as created in laboratory conditions an 
intelligent environment of virtual integration of 
prosumer micro-installations with energy receivers 
(the environment being an experimental field for 
students within the subjects: Smart Metering,  Smart 
Grid), distinguish four basic layers of these networks: 
Prosumer Technology – PT, Operational Technology 
– OT, Smart Metering – SM and Decentralized 
Prosumer Energy Management Systems - DPEMS. 
Distinguishing these layers enables separation of 
technologies fulfilling operational functions (energy 
production, energy transmission and distribution) 
from the technologies fulfilling analytic functions 
(functions supporting management of the 
heterogeneous value created in Micro- Smart Grid). 
Simultaneously, these are subsequent layers of these 
networks designing, according to the cascade design 
methodology. 
 
Operational layers 
 
The first two layers are defined as operational ones, 
in which there are technologies introduced on the 
prosumer side that create electricity value (consumed, 
environmental, economic value at simultaneous social 
acceptance). In the first layer – Prosumer Technology 
(PT), the following technologies can be 
distinguished: dispersed microgeneration, RES 
micro-installations, energy reservoirs, controlled 
electricity receivers (e.g. appliances controlled in the 
Internet of Things technology) and systems of 
intelligent electric vehicles charging:  plug-in hybrid 
electric vehicle (PHEV), plug-in hybrid vehicle 
(PHV). 
In the second layer - Operational Technology (OT), 
technologies, electro-energy devices, low-voltage 
electro-energy networks. The second layer of Micro- 
Smart Grid is a platform in decentralized low-voltage 
networks which integrates technologies and energy 
receivers – technological resources aggregated in the 
first PT layer.  Computer networks (e.g. wireless 
networks of Wi-Fi technology) are also implemented 
in this layer, which create a logical metering-
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controlling infrastructure and integrate in the virtual 
environment all links of intelligent grid. 
Analytic layers 
 
The third layer of Micro- Smart Grid is intelligent 
metering infrastructure - Smart Metering (SM), which 
consists of metering infrastructure – bi-directional 
intelligent metres, in order to measure generated 
energy and its consumption volumes in particular 
links of the intelligent grid. Metering data is a source 
of information and knowledge on demand and supply 
volumes of prosumers. Also controlling systems 
which control prosumer technologies of the first layer 
of Micro- Smart Grid are introduced in the third layer 
(e.g. with the use of the Internet of Things 
technology). 
The fourth layer of Micro- Smart Grid create 
Decentralized Prosumer Energy Management 
Systems (DPEMS), which constitute an overarching 
part in the processes of managing the dispersed 
micro-installations structure in the prosumer Micro- 
Smart Grid networks. 
The logical and functional structure of Micro- Smart 
Grid with consideration of the four distinguished 
layers has been in a synthetic way visualised in the 
form of an operational and analytic pyramid of 
creating heterogeneous energy values in these 
networks (Figure 1). 
 

 
Figure 1: Logical and functional structure of 

Micro- Smart Grid – energy value creation pyramid. 
Source: Own elaboration 

 
Processes of energy value creation and growth in 
prosumer RES installations occur in particular layers 
of Micro- Smart Grid. At the same time, according to 
Pict. 1, it has to be indicated that energy value 
creation in Micro- Smart Grid is not limited to energy 
production and consumption. The created values have 
additional environmental, economic and social 
dimension. The growth of these values can be 
observed in the following processes: integration of 
dispersed heterogeneous prosumer technologies, 
measurement of the cumulated available power of 
energy sources installed in Micro- Smart Grid and 
analysis – in order to generate decisions influencing 
management of dispersed heterogeneous resources of 
this network. Thus, a positive feedback needs to be 
indicated between the energy value creation processes 
(the bottom up approach) and management functions 

(the top down approach) assigned to particular layers 
of Micro- Smart Grid. These feedbacks justify 
continuous improvement of creating synergetic 
energy values in prosumer installations, implemented 
in intelligent networks. It has been assumed that 
cumulation of values created in Micro- Smart Grid 
networks is aggregated at the top of the pyramid 
(Pict. 1). Therefore, the cognitive focus of the further 
part of the paper concerns functionality determination 
of Decentralized Prosumer Energy Management 
Systems (DPEMS). Moreover, the Authors attempt to 
aggregate these networks attributes, being in the 
relationships of creating heterogeneous energy values 
in the dimensions: technological, economic, 
environmental and social ones. 
 
III. FUNCTIONS OF DECENTRALIZED 
PROSUMER ENERGY MANAGEMENT 
SYSTEMS 
 
The DPEMS systems in the virtual environment 
support managing dispersed sources of prosumer 
energy. They support managing created energy value 
on the side of the prosumer – the final consumer or 
prosumers who co-create energy values in the Micro- 
Smart Grid environment. The DPEMS systems 
ensure conducting analyses of demand and supply 
volumes on the side of the prosumer/prosumers, their 
visualization and creating work schedules in the 
processes controlling energy sources and receivers 
with the use of metering-controlling modules. They 
enable scheduling the work of energy receivers with 
reference to non-linear daily availability of prosumer 
RES micro-installations [15, 16, 17]. They also 
support managing heterogeneous resources 
implemented in the first layer of Micro- Smart Grid. 
Metering values are introduced in real time into the 
analytic part, where the following elements are 
installed: information processing algorithms, 
forecasting and decision-making algorithms, as well 
as SCADA visualisation instruments and reporting 
instruments [15, 16, 17]. 
Thus, these systems influence operational costs 
reduction at simultaneous growth of the demand and 
supply elasticity of prosumer installations. The 
justification of operational costs reduction in 
prosumer RES micro-installations is the possibility of 
optimizing energy consumption in DPEMS through 
energy receivers programming in the Internet of 
Things technology, e. g.: scheduling the work of: 
lighting, electrical accumulation boilers or domestic 
appliance in order to flatten the peaks. The discussed 
systems additionally allow to analyse the purchase 
cost and profits from energy production – in 
prosumer RES installations (sales of generated energy 
surpluses or energy purchases from the energy 
system, in the periods of lower availability of 
prosumer sources with regard to demand for energy). 
DPEMS ensure intelligent control of loads at final 
consumers [6, 9], as a result of which their next 
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function can be distinguished – managing elastic 
demand reaction. The DPEMS systems using the 
forecasting generators, automatically generate 
forecast concerning availability of prosumer RES 
installations, as well as forecasts on the volume of 
electricity consumed by consumers, in order to 
balance the energy. This can for instance concern 
forecasting daily energy production in photovoltaic 
panels or micro-turbines on the basis of historical 
data on these sources availability, these devices 
characteristics and forecasts of atmospheric 
parameters/factors. In this context, it should be 
emphasised that the DPEMS systems support 
processes of transforming the passive recipient into 
the active one (development of so called prosumers), 
and therefore indirectly support processes of energy 
sector decentralization. 
 
At the same time, they play a role of recorders in 
monitoring environment pollution indexes – low 
emission or smog products. 
It should be also stressed that these systems should be 
scalable, due to the “openness” of Micro- Smart Grid 
in the first layer – connecting new micro-installations. 
In order to reduce the cost of computer infrastructure 
and the environmental platform and utility 
applications – energy prosumers can access the 
DPEMS services in the cloud computing environment 
[5]. 
Apart from the distinguished functionalities of the 
DPEMS a reference is needed to other dimensions of 
prosumer energy values, which as it has been 
indicated in point 1 of the present paper are not 
limited only to energy production, consumption or 
balancing in real time on the side of 
prosumer/prosumers. 
 
For this purpose, referring to the adopted assumption 
that the cumulation of energy value created in Micro- 
Smart Grid networks occurs in the fourth layer of 
DPEMS, in the research process the Authors 
attempted to aggregate the attributes of these systems 
in the dimensions: technological, economic, 
environmental and social. 
 
The research was conducted in the group of students 
and graduates (participating in Smart Grid and Smart 
Metering classes within the European Student 
Exchange Programme ERASMUS), whose 
experiences and skills are convergent with the 
research area. The research was conducted with the 
use of heuristic technique of forecasting future 
events, based on creative thinking and logical 
combinations. The attributes of DPEMS were 
distinguished in the research process, being in 
relations of creating heterogeneous electricity values 
in prosumer installations. The generated attributes in 
particular dimensions were subject to selection 
according to the adopted criterion N≥80%, in order to 
eliminate so called secondary or random attributes. 

The synthetic aggregation of these attributes has been 
presented in Table 1. 
 

Table 1 
DPEMS attributes in relations of created electricity values in 
prosumer micro-installations implemented in Micro- Smart Grid 
networks  
 

DPEMS ATTRIBTES – FOURTH LAYER OF MICRO- 
SMART GRID 

TECHNOLOGICAL 
DIMENSION 

ECONOMIC 
DIMENSION 

 work optimizing and 
controlling the devices on the 
consumer supply and demand 
side  

 flexible adjustment of 
forecasting, optimizing, 
controlling (…) modules to 
the diversity of dispersed 
prosumer RES micro-
installations (e.g. micro wind 
turbines, micro biogas 
installations, photovoltaic 
and photothermal sources) 

 balancing energy supply and 
demand in the technological 
scope 

 on-line visualisation of 
prosumer installations 
operation 

 aggreging, analysing, 
reporting and visualising the 
conditions of work of Micro- 
Smart Grid resources on the 
basis of time series of 
historical values of 
parameters which define 
prosumer installations   

 reducing times and 
marginal costs of the RES 
prosumer micro-
installations investments – 
supporting designing, 
location and parameters of 
these sources – investment 
cost reduction 

 optimal electricity use 
through the use of 
applications which 
forecast and support 
scheduling the operation 
of micro-installations on 
the supply and demand 
side of 
prosumers/consumers – 
operation cost reduction 

  supporting decision-
making processes of 
optimizing the operation 
of prosumer micro-
installations – operation 
cost reduction 

ENVIRONMENTAL 
DIMENSION 

SOCIAL DIMENSION 

 monitoring the pollution 
reduction of lithosphere, 
hydrosphere, aerosphere on 
the prosumer side 

 environment evaluation and 
monitoring – the local 
perspective 

 

 activating prosumers in 
the energy management 
area 

 stimulating economic 
activeness 

 transformation of energy 
consumption culture 

 stimulating behaviours in 
the context of 
environmental awareness 

Source: Own elaboration 
 
The summary of the abovementioned DPEMS 
attributes is a justification of prosumer micro-
installations integration not only in the operational 
layer, but also at the level of integrated management 
of these sources (the fourth layer). The evaluation of 
the cumulated value created in Micro- Smart Grid is 
not only limited to electricity production, 
consumption, balancing or reduction of energy unit 
cost in the given network. On the basis of the 
conducted research advantages have been also 
indicted in the scope of energy production cost, but 
also marginal cost reduction of newly designed and 
implemented micro-installations. This reduction 
results from optimized working conditions of new 
sources on the basis of availability analyses of 
previous micro-installations, conducted in the 
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DPEMS layer. The environmental dimension is also 
vital in the scope of environmental pollution 
reduction monitoring, which also stimulates further 
development of prosumer energy, and thus, reduction 
of low emission and smog in the local perspective. 
Implementation of prosumer technologies in Micro- 
Smart Grid networks and managing these sources in 
the DPEMS layer influences prosumer activeness 
growth and cultural changes in the scope of energy 
self-creation and consumption. Therefore, social 
acceptance is also a value, which is created by 
integrated prosumer groups in the structures of 
intelligent networks. 
 
CONCLUSIONS 
 
The chances of development and at the same time 
prosumer energy diffusion, with the consideration of 
RES micro-installations, do not depend only on 
legislative and financial support mechanisms, but also 
on the applied management methods and tools. In the 
present paper, the Authors have attempted to 
synthetically justify the nature of prosumer 
technologies integration in the Micro- Smart Grid 
environment, in the context of heterogeneous 
electricity values growth, produced and consumed on 
the side of prosumers. Implementing heterogeneous 
prosumer technologies in the firs layer of Micro- 
Smart Grid – is connected with the need to secure the 
possibility of gathering, processing and analysing a 
very large amount of data. This data is verified, 
stored, aggregated and analysed also in real time – in 
the fourth layer of Micro- Smart Grid. Positive 
feedbacks occur between managing the dispersed 
resources of Micro- Smart Grid and the growth of 
electricity value generated in these networks in the 
DPEMS layer. Implementing the DPEMS in the 
fourth layer of Micro- Smart Grid, can indirectly 
accelerate the diffusion of the 3rd generation energy 
sources – the prosumer energy. 
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