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Abstract. In recent years we have seen a gradual 

increase in demand for electricity due to the increasing 

number of customers connected to the network and a 

growing consumer demand for quality energy supply. The 

article addresses issues related to energy management in 

rural households and presents the advantages resulting 

from the emergence of a new type of energy producers, 

i.e. prosumers. 
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INTRODUCTION 

 

Energy efficiency is a concept denoting efficient use 

of energy aimed at reducing its demand. This concept has 

been appearing ever more often in recent years in laws 

and directives. One of them is the European Union 

directive according to which from 2021 all buildings 

erected within the Union are to be characterised by 

reduced consumption of electricity, as well as partial use 

of renewable energy sources. This is due to the dynamic 

growth in demand for energy, and the increasing cost 

associated with its use. Such requirements are forcing 

building designers to come up with new solutions to 

reduce excessive energy consumption. An answer to these 

demands is the concept of an intelligent building, 

equipped with a number of measures restricting electricity 

consumption, as well as using alternative energy sources 

[6, 7, 8, 9]. 

Poland’s accession to the European Union on 1 May 

2004 meant that in many areas the country had to adapt its 

laws to EU legislation. This resulted in huge changes in 

many areas of the economy, which had to begin to operate 

under the new rules [26]. 

One of the areas forced by EU policies to undergo 

deep reforms was agriculture. The common agricultural 

policy implemented in the Member States forced 

profound changes in agricultural and food economy. It 

became an opportunity for Polish farms due to substantial 

funding [20]. The main instrument supporting rural 

Poland are direct payments towards agricultural land. This 

instrument is important to the extent that it affects all 

persons holding land in excess of the size of 1 hectare. In 

parallel to this action, there are several other programs 

supporting Polish rural areas, but targeting narrower 

sections of society. An example of this can be ''Help in 

starting a business for young farmers" in the framework 

of the Rural Development Programme. 

Not all farmers are happy with the common 

agricultural policy, indicating its various threats. One 

such disadvantage is the rise in the prices of the means of 

production, or the strong competition from agricultural 

producers from other EU countries. Difficulties in 

competing are mainly due to the wide dispersion of farms 

in Poland. According to the Agency for Restructuring and 

Modernisation of Agriculture, the average size of a farm 

in Poland is 10.49 hectares, while in some regions this 

figure is less than 4 hectares (małopolskie) [19]. In turn, 

the average area of farms in Poland in 2010 was 9.6 ha, 

while in Germany it was 55.8 ha [5]. With such 

fragmentation of the Polish farmland, its owners have 

difficulty obtaining adequate economic balance of their 

agricultural production and look for other sources of 

income. 

In the future, we risk the depletion of the natural 

resources of coal, oil, gas and uranium. [4, 5, 11, 12]. 

Ensuring a country's energy security depends not only on 

major international contracts, but also on the proper 

behaviour of citizens. According to the segmentation 

assumptions of the energy prosumer market, homeowners, 

farmers, residential communities, building administrators 

(building energy technology) belong to the first segment 

of consumers/producers of energy [6, 7, 13, 23, 24]. 

An important solution for power consumers has in 

recent years become the possibility of using renewable 

energy sources (RES) and the construction of passive or 

energy-plus houses [2, 11, 14, 15, 16, 17, 18]. Renewable 

energy sources are characterised by features that allow the 

user to obtain the following benefits [31]: 

 local stabilisation of energy, 

 lack of transmission and losses connected 

with it, 

 raising awareness and responsibility of 

producers and consumers of energy and a 
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sense of mission to protect the environment 

and create the country’s electricity economy, 

 contribution to energy saving, 

 improving the quality of energy, 

 positive impact on the climate and the 

environment. 

So far, a number of solutions exist that enable the use 

of these advantages as much as possible [10, 27]. In 

addition to the search for new energy sources it is 

important how the energy is used. Keeping an ‘energy 

umbrella’ over many customers does not seem to be a 

very economical solution, since not all of them have to 

use the power source at the same time. It seems that the 

principle ‘supply power only to what you currently use’ is 

the right solution. 

In connection with the emergence of a new category 

of energy consumers, i.e. prosumers, rational energy 

management in households is becoming increasingly 

important, with the idea of reselling its potential 

surpluses. This requires the application of such precision 

measurement devices in the installation as: 

 energy meters (electronic and intelligent) 

 monitors of energy consumption 

as well as optimisation of tariffs and zones and 

establishing contractual and connection power. An 

important component of the electricity economy is also 

the shaping of appropriate customer attitudes and the 

proper selection of subscriber profiles and RES 

installations [8, 21, 22]. Among the new trends and EU 

regulations related to energy appears the concept of 

Autonomous Energy Regions AER (sometimes also 

referred to as Municipal Energy Centres). 

 

POWER GENERATION ON A FARM  

AS AN EXAMPLE OF ENHANCED ECONOMIC 

EFFICIENCY 

An important factor in maintaining a household in 

good financial condition is to rationalise its running costs. 

This principle also applies to rural households, which in 

the face of ever-smaller production profitability should 

look for additional revenue. Due to the specific nature of 

rural households one can indicate the following aspects 

which may be their distinguishing features: 

 Large roof surface area, 

 Farm space around the house, 

 Unused organic waste. 

However, on the expenditure side, apart from the main 

costs of running the farm, an important part of the 

overheads is related to energy. To reduce the operating 

costs, use should be made of the above-mentioned 

features. In order to successfully compete in the market, 

farmers specialise in plant or animal production. 

A by-product of this production is copious waste that 

can be used for energy production in biogas plants, 

obtaining biogas through the processing of organic waste 

by microorganisms. This gas is produced in digesters 

specially constructed for this purpose [21]. According to 

the literature it consists of more than 60% methane and 

about 30% carbon dioxide; other ingredients may also be 

present, including hydrogen, nitrogen or hydrogen sulfide 

[22]. An exemplary diagram of the biogas plant is shown 

in Figure 1. 

 
Fermentation 
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Container of the 
mass fermented

Generator CHP
 

Fig. 1. Outline of a biogas plant [21] 

 

The gas produced in the biogas plant can be used as 

follows: 

 For the production of electricity, 

 For the production of heat, 

 As a motor fuel [21, 22]. 

Today, an ever more common solution is 

cogeneration, involving the simultaneous production of 

electricity and thermal energy. This is done in CHP 

(combined heat and power) generators. 

Another way to obtain free energy on the farm is to 

use the sun. Solar energy is converted into electrical 

energy in photovoltaic cells in the process of photovoltaic 

conversion. Single cells have little power and are 

therefore combined in a series or in parallel in order to 

obtain sufficient power. The energy thus obtained is 

transferred through an appropriate controller to the 

battery, which is used for its storage. The role of this 

device is very important because it allows one to use free 

energy after sunset [14]. For this energy to power a 

conventional device, it is converted by an inverter into 

alternating current of a specified frequency and 

amplitude. An exemplary flow chart of the photovoltaic 

cell is shown in Figure 2. 

Regulator

DC/AC

230 V
 

Fig. 2. Diagram of a photovoltaic system 

 

According to the authors [3], PV systems provide 

from 10% to 100% of the electricity consumed in the 
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household. When cells provide too much energy it is 

possible to sell the resulting surplus. In this case, it is 

necessary to have one inverter, which synchronises the 

system to the network. 

 

DISTRIBUTED GENERATION IN RURAL AREAS 

 

With the development of modern farms, attention 

should be paid to the growing demand for electricity. 

Recipients from rural areas who use the power of 

professional power stations are placed at the end of the 

transmission line. Distribution of energy over long 

distances entails heavy losses, which result in an increase 

in electricity prices. Such recipients are forced to seek 

alternative sources to meet the growing demand for 

energy. Because of a large up-front investment, 

production of energy from renewable sources without 

financial support is still less profitable than conventional 

sources. For this reason, EU member states pursue 

policies aimed at increasing the attractiveness of 

renewable energy sources for small farms for economic 

reasons. In favour of the implementation of this type of 

distributed generation speaks also the possibility of using 

raw materials from farms and recycling waste to generate 

energy. 

Renewable sources which work best in agriculture 

include: 

 biomass boilers [21, 22] 

 micro biogas plants [2] 

 small wind turbines [14, 17] 

 solar collectors [15] 

 photovoltaic panels [23, 24, 26] 

 heat pumps [27]. 

The use of these methods of energy production can 

completely or largely eliminate the need to purchase it 

from large conventional power plants. 

Energy demand in rural areas can be divided as 

follows: 

 in order to meet basic needs, such as heating 

buildings, obtaining hot water and powering 

electrical appliances and lighting, 

 for agricultural purposes, including irrigation, 

animal husbandry, greenhouse cultivation, 

drying facilities, etc. [10]. 

According to the Central Statistical Office, in 2013 

heat consumption in agriculture amounted to 1,000 TJ. 

Electricity consumption in the same areas, exclusively for 

the purposes of production, irrespective of the needs of 

households amounted to 1,539 GWh. In turn, the demand 

for electricity in households, taking into account 

agriculture, amounted in 2013 to 28442 GWh [4]. 

Fuel consumption in agriculture in 2013, according to 

the Central Statistical Office [4], broke up as follows: 

 Coal, 1600 thousand tonnes, 

 Liquid gas, 50 thousand tonnes, 

 Light fuel oil, 80 thousand tonnes, 

 Heavy fuel oil, 24 thousand tonnes. 

Despite regular reconstruction of the transmission 

network in rural areas, it is still not adapted to the 

requirements imposed by modern recipients. 

The main problems of the current network include: 

 Low voltage parameters, 

 Insufficient transformer stations of high and 

medium voltage, 

 Too long power lines, which are vulnerable 

to overload, 

 Peak power per unit farm is 2 kW. 

Maximum power which is supplied to households is 

unable to satisfy the demands of energy-intensive 

equipment and machinery. Factors hindering the 

development of large sources of renewable energy in the 

country, including long distances and poor state of the 

power grid, may at the same time be an impulse for the 

development of small distributed systems for individual 

households [10]. 

A way out may be the creation of energy-independent 

households, which together will form Autonomous 

Energy Regions. An example of regional energy 

independence is the Kisielice Commune located in the 

Warmian-Masurian Voivodeship, which is Poland's first 

energy-independent municipality. Its area is 17,000 ha, 

and the population is about 6,600. In 2014 it won the 

ManagEnergy 2014 competition organised by the 

European Commission. 

Achieving the objectives of the use of renewable 

energy sources started in 2002. The municipality acquires 

its energy primarily from a wind farm consisting of 27 

turbines with a total capacity of 40.5 MW. Since 2014 the 

production of energy has been supported by a farm biogas 

plant with a thermal capacity of approx. 1 MW and 

electrical power of 0.99 MW. Currently, work is under 

way on the second phase of investments, the aim of which 

is to build a second wind farm. Six new turbines will be 

installed with a total capacity of 12 MW. The Kisielice 

Commune was presented at the conference "Heating and 

cooling in the European energy transition", held in 

Brussels in February 2015 [10]. 

What is also noteworthy is the promotion of energy-

saving and energy-independent, autonomous buildings. 

To achieve a positive energy balance, the building uses 

many techniques minimising energy loss, and the most 

important goal is to produce energy from renewable 

sources. For example, the orientation of the building is 

designed to maximise the power of natural light. This 

eliminates the need for indoor lighting during the day and 

at the same time accumulates heat. Triple-glazed windows 

that allow more heat entering the building rather than 

going out. With good insulation of its partitions, the 

building consumes several times less energy for heating. 

During the heating season, to heat one square meter of 

housing one needs 15 kWh. By comparison, the heat 

demand for conventional building is about 120 

kWh/(m²•year). One source of additional energy are solar 

panels, aesthetically integrated into the façade of the 

building. In addition, solar technology is accessible, 

particularly as regards maintenance and repairs. 
An important difference between the passive 

construction and energy-plus standards is that the latter 
brings the user of the building material benefits arising 
from the resale of surplus energy produced. In addition, 
the building is built exclusively from natural construction 
materials; it could be said that it is one step ahead of the 
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passive standard due to the positive energy balance [29, 
30, 31, 31]. 

Today, the energy-plus standard can be adapted to 
buildings with a traditional body, or to modern high-tech 
buildings. Regardless of its body, a building – to become 
safe, comfortable and economical – must have a system 
that manages all subsystems contained within the 
structure, or an intelligent installation. 

The basis of the innovation of energy-plus 
construction is the technology used in it. After analysing 
the climatic conditions prevailing in the area where the 
building is located, and taking into account the economic 
criterion of the investment, it will be possible to use in 
such buildings renewable energy sources and building 
automation systems. 

 

PROSUMER ENERGY ON FARMS  
– LEGAL ASPECT 

Agriculture in Poland brings together 5.4 million 
electricity consumers in the agricultural sector. The share 
of agriculture in the national consumption of final energy 
(5.8%) is more than twice the EU average (2.2%). 

In February 2015, after more than three years, work 
was completed on the law on renewable energy sources. 
The main objective of the Act is the introduction of new 
mechanisms to support producers of energy from 
renewable sources, both small and large. In addition, 
regulation introduces fixed rates for purchasing electricity 
produced from renewable energy sources [12, 13, 25, 28]. 

Investments finalised by the end of 2015 will benefit 
from support in the form of green certificates, while all 
investments from January 2016 will be supported in the 
auction system. In this system, increase in power obtained 
from renewable sources will be linked with an 
administrative decision. Responsibility for such a decision 
will rest with the Council of Ministers, Ministry of the 
Economy, and the Energy Regulatory Office. They will 
decide how much electricity from renewable energy 
sources to contract in a year. Companies remaining in the 
support system through green certificates can benefit from 
the support period of 15 years, but not beyond 2035. 

The Act implements new definitions of micro- and 
small installations. A micro-installation of renewable 
energy has a total capacity of: 

 Up to 40 kW for electricity, 

 Up to 70 kW for thermal energy. 
The definition does not include installations for the 

production of electricity, heat or cooling from biogas, as 
well as installations for the production of biogas itself. A 
small installation differs only in limiting values. For each 
type of energy they are as follows: 

 From 40 kW to 200 kW for electricity, 

 From 70 kW to 300 kW for thermal energy. 
This definition does not include installations using or 

generating biogas either. 
Production of electricity in micro-installations for 

one’s own use and for sale, in accordance with the 
provisions of the Act, is not activity of an economic 
nature. This is a key change in the law, as so far being in 
business was required in such situations. Consequently, in 
the case of power generation plants with an installed 
capacity of up to 40 kW, there is no need to set up a 

business. The only responsibility of the owner of the 
micro-system is notifying one’s operator about connecting 
the installation to the network by a certified installer. The 
Act also introduces a fixed rate of purchase by the 
network operator of the prosumer electricity produced 
from renewable energy sources. These rates are varied, 
and the criterion for determining the rates is the capacity 
of the installation. In the case of micro-installations with 
an installed capacity of up to 3 kW, the owner can count 
on [27, 28]: 

 0.75 zł/kWh for hydro-power, 

 0.75 zł/kWh for wind energy on land, 

 0.75 zł/kWh for solar energy. 
Different rates obtain in the case of plants with a 

capacity of 3-10 kW, and are as follows: 

 0.70 zł/kWh for agricultural biogas, 

 0.55 zł/kWh for biogas from landfills, 

 0,45 zł/kWh for biogas from wastewater 
treatment plants, 

 0.65 zł/kWh for hydro-power, 

 0.65 zł/kWh for wind energy on land, 

 0.65 zł/kWh for solar energy. 
As can be seen, these rates are slightly different. These 

purchase prices are protected by law for a period of 15 
years from the date of delivery of such an installation, or 
if the total committed capacity exceeds: 

 300 MW for plants with installed capacity of 
up to 3 kW, 

 500 MW for plants with installed capacity of 
3-10 kW. 

After this period, the selling price of electricity 
produced from renewable energy sources will be 
determined by the Ministry of Economy. 

For this reason, it becomes important to develop 
research methods and tools useful for the development of 
integrated renewable energy micro-grids. A special role 
here lies with universities and research centres. The 
foundation of the Laboratory for Energy Efficient 
Building Systems is aimed at preparing a base for the later 
development of micro- and intelligent networks with the 
participation of RES, by: conducting comprehensive 
monitoring of energy consumption and the potential of 
renewable energy sources to users also in rural areas, 
preparing tools for selection and optimisation of the use 
of renewable energy technologies in small micro-grids, 
analyses enabling the design of a comprehensive decision 
support system for prosumer acting in micro-grids. 

 

ANALYSIS OF THE OPERATION OF AN 

ENERGY ACTOR DURING DEMAND GROWTH FOR 

ELECTRICITY 

 

In addition to actively reducing energy consumption 

by automatic control of lighting, heating and air 

conditioning and ventilation, it becomes extremely 

important also to monitor the current consumption. Load 

management plays a key role in the economic 

management of electricity. For this purpose, energy actors 

can be used, e.g. SE/S 3.16.1, which is compatible with 

KNX/EIB. It allows load management in the master-slave 

mode, which is used to control the set limit of load by 
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disconnecting equipment according to its degree of 

disconnection. This allows one to align the daily power 

consumption (Fig. 3). 

 

successful 
connection

failed 
connection

failed 
connection

 
 

Fig. 3. Sample graph of power consumption by controlling the energy actor 

 

 

 

 
 

Fig. 4. The circuit diagram for master-slave load 

control [1] 

 

CONCLUSIONS 

 

According to the decisions taken in the European 

Union, since 2020 all new buildings will have to be made 

at least to a standard that ensures their efficiency. The 

combination of low energy building technologies with the 

optimal use of renewable energy sources allows for 

excellent performance parameters of buildings. 

The use of energy actors equipped with measurement 

modules provides a constant source of information about 

the current energy consumption at home and contributes 

to increasing the environmental awareness of its 

inhabitants. 

Control of renewable energy sources using the tools 

offered by the building automation systems, for example. 

KNX/EIB, will contribute to even greater interest in the 

subject of prosumer energy. 

Autonomous buildings function independently of the 

external infrastructure. This situation forces the architects 

and designers to use solutions focused mainly on saving 

electricity and using some raw materials and waste for 

reuse. 

In the coming years we can expect further 

development of technologies related to renewable energy 

sources. This is due to the benefits its use provides for 

both local communities, increasing the level of energy 

security, as well as environmental benefits, primarily 

reducing emissions of carbon dioxide. 
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