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Paper shortly summarises results of researches of the authors carried out during 

the last few years in area of small-scale wind energy systems. Wind power is proposed to 
use in farmsteads and other buildings for covering of heat and power demands. Reasoning 
of the wind power usage locally in the buildings is presented. The ways of wind energy 
exploitation efficiency improvement are suggested. Results of research of innovative hybrid 
water heating system based on small-scale wind turbine and solar collectors and also of 
electrical hybrid space heating system based on small wind turbine and electric grid are 
described. References to the corresponding full scale papers of the authors are indicated. 

Energy efficiency, small-scale wind turbines, wind energy systems, heat and power 

for farmsteads. 
 

Introduction 
 

Wind origin power integration into electric grid is limited by the power 
system stability problems, which can come into play at a high level of cumulated 
power generated in the wind turbines (WT). After the limit is achieved, only smart 
grid can help to further penetration of power from the WT or other intermittent 
power plants. However, smart grid requires very significant investments. We 
propose to use wind power locally in close vicinity where it is produced and first of 
all in buildings for feeding of heat and power appliances including electrical 
vehicles in the near future. Only a surplus of electricity, that is to say locally not 
consumed should be supplied into electric grid because of the thrift consideration. 

As it is shown in Fig. 1, implementation strategy of wind and other 
renewable energy (RE) systems into the farmsteads and buildings of other types 
has to be based on the energy conservation (e.g., sufficient thermal insulation), on 
the efficient exploitation of the primary source for energy production (wind, solar 
irradiance) and on the efficient usage of the produced energy (efficient energy 
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using equipment). Only in this case domestic renewable energy system or energy 
system of any other type can to have a small scale and will not be expensive. 
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ENERGY 

EFFICIENCY

RE

 
 
Fig.1. Strategy of RE usage based on energy conservation and energy efficiency 
1 pav. Energijos tausojimu ir energijos efektyvumu pagrįsta energetikos strategija 

 
The problem of improving wind energy exploitation efficiency has to be 

taken into consideration when designing any wind energy system. A relevant and 
simple methodology of efficient small WT identification could be very useful for 
this purpose because the efficiency of various WTs existing in the world market is 
very different and user of the small WTs can lose a lot.  

Other measures for enhancing the efficiency of the wind energy systems 
also can be applied. In general, power converters of the small WTs are rather 
faultless and reliable. However, there is still some room for their improvement. 
E.g., a group of different small WTs and other power sources (power storage 
batteries, FC, arrays of PV modules, engine-generator systems) could have a power 
conversion system with one mutual inverter. The same inverter could serve as a 
stand-alone or grid-connected.  

Load control system of a small WT could operate in the mode of maximal 
exploitation of the wind speed’s instantaneous capacity. Function of the optimal 
adjustment of the wind turbines’ load according to the wind speed can be fulfilled 
by means of the inverter’s control system.  

Various more efficiently operating energy systems can be developed on the 
basis of the small WTs, the mentioned above improvements and applied for 
buildings, situated in windy regions. They can be used not only for feeding of 
traditional electric appliances, but also for the heating purposes and electrical 
vehicles, which are becoming part of domestic electricity load [1]. 

Systematic approach was taken for the researches described in the papers 
of lasts years of authors, which are summarised in this paper, in order to pave the 
way for efficiency enhancement of wind-based energy systems and to arrange more 
chances for wind energy penetration into the buildings in order to use more 
intermittent power locally. It would be the option less burdening electric grid and 
less potentially harmful for its stability. 
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Literature review 
 

Number of researches and publications in the area of small WT, wind energy 
systems for buildings is not numerous. Subjects of the papers are the stand-alone small 
PV and wind power systems, their efficiency, the pitch control for the upper segment of 
small WTs capacity, the hydraulic generation of heat by means of WT [2] and other, but 
purposeful intentions to develop and research innovative wind-based technologies for 
buildings has been not yet properly reflected. 

Renewable energy systems (RES) for buildings were researched in 
Moscow‘s All-Russian Institute of Agriculture Electrification (VIESH) [3]. Small-
scale stand-alone CHP system running on solar radiation was developed there for 
small buildings. It has concentrator of solar energy and produces power and heat. 
Modular construction of the proposed system allows connection of the solar CHP 
modules into a battery in order to get necessary capacity according to the size of 
the fed building. The main shortages of this system are the necessity of energy 
storage and high price. 

Similar objectives are pursued in publications of V. Kharchenko,  
V. Chemekov and other co-authors (VIESH) [4, 5]. They investigate stand-alone 
hybrid solar and wind power system, which is used for feeding of domestic power 
appliances and the heat pump in the small building located in Krasnodar region. 
The main imperfection of this system is the large and costly battery for power 
storage. It would be more efficient from economic point of view to use the grid-
tied wind turbine in the system and to use it for exchanging of power with electric 
grid. The developed system has multipurpose measuring complex for the 
monitoring of RES-based power systems. It provide monitoring of the system‘s 
operational parameters, wind and solar energy data acquisition, visualization of the 
monitoring process. 

Results of researches in area of small-scale WT efficiency enhancing are 
presented in some references. Differently from the photovoltaic maximum power 
point trackers, which are widely known and described abundantly in various 
publications, maximum power point trackers for small WT are not numerous [6]. 
Some models of small WT also use pitch control for enhancing of operational 
efficiency [7]. 
 

Object and methods 
 

Object of the research – wind-based energy systems for heat and power 
production. Digital simulation (Programme package MATLAB/SIMULINK) based 
on the interval methodology was used as the main tool for the research of 
functionality and stability of operation of the proposed wind energy systems for 
buildings. The digital model was elaborated by performing the following routine 
steps:  

� working out of equivalent scheme of energy conversion system; 
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� derivation of differential equations for all operational intervals of the 
equivalent scheme; 

� application of Laplace transformation for the differential equations; 
� formation of the block diagram of the researched system; 
� formation of the digital MATLAB/SIMULINK model. 
 Researches of viability and operational stability of the proposed 
wind energy systems were carried out by means of the elaborated model. 

 

Results 
 

Producers of small WT give parameters and characteristics of their WT at 
very different conditions. Problem of objective and correct evaluation of small WT 
efficiency arises from the different rated wind speeds of various turbines. 
Efficiency of small WT can not be correctly compared, when their rated wind 
speeds varies, e.g., from 8 to 17 m/s. 

Table 1 presents results of some similar small WT comparison by the 
annual power production and return of investments (ROI) at the same conditions, 
which are the following: parameters of Weibull distribution – a = 5.2 m/s; K = 
1.97; class of terrain surface roughness – 2, height of the wind rotor hub above the 
ground – 10 m and price of electricity – 0.45 Lt/kWh. 
 
Table 1. Comparison of the main technical-economical rates of small-scale WT 
1 lentelė. Mažųjų vėjo elektrinių pagrindinių rodiklių palyginimas 

 

№ Model of WT 
Rated 
power, 

W 

Price, 
EUR 

Swept 
area, 
m2 

Kte, 
W2/m2/€ Annual power 

from 1 m2, 
kWh/m2 

Annual 
power, 
kWh 

ROI, 
years 

1 BWC XL.1 1000 1 465 4,91 112,6 327 1608,7 6,99 

2 Airdolphin 1000 4 500 2,54 33,6 384 975,7 35,39 

3 
FSW Gyro1 
kW 

1000 2 480 3,5 41,46 226 790,9 24,06 

4 
Fortis Pasaat 
3.1 

1400 7 654 7,7 9,32 178 1372,0 42,80 

 
Results of the performed calculations show evident superiority of wind 

turbine BWC XL.1. Further analysis of small WT efficiency of operation showed 
even more compelling differences. They differ very significantly: some of the 
small WT are efficient but expensive; others have low efficiency and are also 
expensive. Therefore we suggested criterion for evaluation of technical and 
economical efficiency of small WTs [8].  

Technical-economical criterion Kte can be determined as follows: 
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where 10P  is capacity of the wind turbine at wind speed 10 m/s, W; 

 S  – swept area of the WT, m2; 
 C  – cost of the WT, EUR. 

More results on the differences of small WT efficiency are presented in 
reference [8], where criteria of 45 horizontal axes wind turbines and 14 vertical 
axes wind turbines efficiency are determined, compared and analysed. 

More measures can be taken on purpose to enhance efficiency of small WT 
operation. Possibility of one mutual grid inverter usage for a number of small scale 
wind turbines or other power sources is analysed in the reference [9]. Results of research 
of optimal adjustment of the small WT load according to the wind speed are described in 
reference [10]. 

All mentioned above measures for improvement of the small-scale wind energy 
systems can be applied in the wind-based heat and power systems for farmsteads and 
other buildings. Two examples of innovative hybrid energy systems having small wind 
turbines are presented below. 

 
Application of WT in the innovative power and heat energy systems for farmsteads  

 

Hybrid water heating systems based on WT and solar collectors  
 

Solar collectors (SC) for water heating are rather widely spread in the EU 
countries, especially in the southern ones. Vacuumed tubular SCs are highly 
efficient and competitive in comparison with other technologies, used for water 
heating. Efficiency of the vacuumed tubular solar collectors reaches up to 95 %. 
The main shortage of this water heating technology for the high latitude countries 
is very low resources of solar energy in late autumn, winter and early spring 
months. However, a hybrid solar and wind system for water heating would not 
have this shortage. Coupling of these two nonpolluting and rather advanced 
renewable energy technologies into one hybrid system definitely increases the 
reliability of hot water supply all the year round. Structural scheme of hybrid water 
heating system based on solar and wind energy is shown in Fig. 2. 

 The presented system consists of two renewable energy converting 
subsystems. The subsystem based on the solar energy is considered as the main 
one. It includes the array of solar collectors SC, the pump P, the water tank and the 
auxiliary small power conversion and storage system consisting of the charge 
controller CC, the battery B and the stand-alone inverter INV, which is used for the 
backing up the pump in case of the blackout of the main power supply system.  

The wind-based subsystem consist of the wind turbine WT with the 
generator G, the rectifier AC/DC, the electronic pulse-width modulator of the 
rectified voltage PWM, the grid-tied inverter, the control system CS, the electrical 
heating element HE, the same mutual tank for the hot water, the anemometer A, the 
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metrological speed-voltage generator TG, the sensors of temperature T1-T3 and the 
switches S, S1-S4 for choosing of the operational mode of the WT. Such a WT can 
operate in 2 modes: power supplying into the electrical heating element HE and 
power supplying into the electric grid over the inverter depending on the level of 
the heat storage tank charge and on the forecast of the solar exposition. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2. Diagram of hybrid water heating system based on solar and wind energy 
2 pav. Hibridinės vandens šildymo sistemos su saulės kolektoriais ir vėjo elektrine schema 

 
Capacities of the SC and the wind turbine depend on the amounts of solar 

and wind energy resources in the region, where the system is intended to be built. 
Methodology of the WT and SC capacity determination is presented in reference 
[11]. According to this methodology the required area of solar collectors array can 
be expressed as follows: 
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where SCS  – the required area of the solar collectors’ array, m2; 

 SV – the water needs in summer months, m3; 

1T  and 2T – the temperatures of cold and hot water, K (ºC); 

η
 – the efficiency of water heating system, based on solar collectors; 

hSE  – the average global solar irradiation of 3 summer months to the 
 horizontal plane, kWh. 

 
The required capacity of WT can be determined as follows: 
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where TP – the required capacity of WT, kW; 

 WV – the water needs in winter months, m3; 

 uk  – coefficient of the generator’s utilisation.  
 

uk = 0.2-0.35 for good and excellent wind energy resources. 

 
Hybrid electrical space heating system based on WT and electric grid  
 

Small scale WTs (up to 100 kW) also can be used for feeding of 
microgrids designed to cover buildings’ energy demands, including space and 
water heating, electrical equipment and electrical vehicles in the future. 
Effectiveness of a WT usage is important for its owner; therefore, the supply of 
surplus electricity into electric grid should be designed in the microgrid’s operation 
algorithm. 

An automatic control of the heated space temperature is necessary in order 
to keep temperature in the heated premises in accordance with requirements of 
standard. The system of automatic temperature control in the space heated by the 
innovative electrical heating system based on the electrode boiler of trade mark 
GALAN, which is fed from the WT and reserved by the electric grid, was 
researched. 

Function diagram of the control system of the space heating system based 
on electrode boilers of trade mark GALAN is shown in Fig. 3. 

Currently permanent magnet synchronous generators (PMSG) often are 
used in the WT of small capacity. Circuits of PMSG stator are connected with 
power grid by the converters. Stator circuit of the PMSG is connected with power 
grid over the inverter as it is shown in Fig. 3. The boiler is connected through 
normally opened (NO) contacts of contactor K to the grid terminals. This way of 
boiler connection allows achieving a stable space heating process independently on 
the wind speed. On the other hand, it also allows supplying electricity, generated 
by the wind turbine, into the electric grid when the boiler is switched out. 
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Fig. 3. Function diagram of space heating system based on electrode boiler  
SG – synchronous generator of the wind turbine, UZ – power converter, MT – matching 
transformer, 1Q,F – automatic switch, 1 – electrode boiler, 2 – ball valve, 3 – radiators, 4 – 
circulatory pump, 5 – filter, 6 – exhaust valve, 7 – expansion reservoir, 8 – breather. 
3 pav. Patalpų šildymo sistemos su elektrodiniu katilu funkcinė schema  
SG – vėjo elektrinės sisnchroninis generatorius, UZ – galios keitiklis, MT – suderinimo 
transformatorius, 1Q,F – automatinis jungiklis, 1 – elektrodinis boileris, 2 – ball valve, 3 – 
radiatoriai, 4 – cirkuliacinis siurblys, 5 – filtras, 6 – išleidimo ventilis, 7 – išsiplėtimo indas, 
8 – alsuoklis. 
 

The system of automatic space heating control has two subsystems of 
automatic parameters adjustment: one subsystem of the wind turbine’s generator 
load control and another subsystem of the heated space temperature control. The 
subsystem of generator’s load control consists of the wind speed transducer ST1, 
the transducer of wind turbine’s shaft angular speed ST2, the transducer of the 
generator’s rectified current ET, the controller of generator’s load EC, and the 
device for the manual load value reference signal setting H1. The load of generator 
is controlled in a way that allows maximizing the output of the wind turbine. The 
subsystem of the space temperature control consists of the transducer of 
temperature TT, installed in the heated space, the controller of temperature TC, 
contactor K, and the device for manual setting of the reference signal H2. The 
devices TI and PI show the temperature and the pressure of the heat carrier.  

An ordinary two-position controller (ON/OFF) can be used for the 
temperature control. As it can be seen in the function diagram of space heating 
system (Fig. 3), the feeding source of the electrode boiler always has a stable 
enough voltage, independently from the wind speed value. This factor has a 
positive impact on the quality of the temperature control. 

Programme package MATLAB/SIMULINK was used for the digital 
simulation of the space heating system shown in Fig.3.  
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Electrode boiler Ochag-3 of trade mark GALAN has the following 
technical characteristics: the rated power – 3000 W, the feeding voltage –220 V, 
the energy demand for heating of 120 m3 space – 0.75 kWh per hour, the rated AC 
– 13.7 A, the volume of heat carrier (antifreeze) in the heating system – 25÷50 l, 
the length of the electrode boiler – 275 mm, the diameter of the boiler – 35 mm [4]. 
The temperature of the heat carrier at normal operating conditions is usually about 
65÷75 °C at the outlet and about 35÷45 °C at the inlet of the boiler. The heating 
system has steely radiator RIDEL-33K-3-1800, which has rated capacity of 2.5 
kW. This capacity is sufficient for heating area of 48 m2, which has space volume 
of 120 m3. The heating system has a circular pump HUP 25-6,2 U 180, which 
enables the flowing rate of heat carrier of 3,5 m3/h. 

The two-step controller and the error signal amplifier are used for the 
control of temperature in the heated premises. Accuracy of the temperature control 
depends on the value of the controller’s ambiguity area and on the coefficient of 
amplification of the error signal. The controller controls the actuator (contactor) 
unit K. Results of simulation are presented in Fig. 4. 

 

 
 

Fig.4. Curves of the temperature control process at jump of outdoor temperature from -
20°C to -40 °C at the time 6x104 s (ambiguity area ∆ = 0.2V, coefficient of the controller 
amplification kC = 20) 
4 pav. Temperatūros reguliavimo proceso kreivės, gautos esant lauko temperatūros 
pokyčiui nuo -20°C iki -40 °C laiko akimirkoje 6x104 s (nevienareikšmiškumo sritis ∆ = 
0,2 V, reguliatoriaus stiprinimo koeficientas kC = 20) 
 

As it can be detected in Fig. 4, the control system is able to compensate the 
disturbance caused by the sudden drop of outdoor temperature very effectively. 
After the jump, the temperature of the heated space remains fairly stable. More 
explicit analysis of the received curves showed that static error of the space 
temperature control remained almost the same (∆Θs=±0,7 °C),  however, the 
frequency of the power actuator output increased by 17,8 %.  
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The research showed that the control system is operating smoothly and is 
able to compensate the disturbance caused by the sudden drop of outdoor 
temperature very effectively. The long pauses, when the actuator does not supply 
power to the electrode boiler, are used for the surplus power supply into electric 
grid. 

If used in the considerable scale, the system described above could 
enhance the renewable energy penetration into the buildings and the wind energy 
usage in them mainly managing without the wind generated power supply into the 
electric grid. 
 

Conclusions 
 

1. The identification of efficient small wind turbines‘ according to the proposed 
methodology, the usage of converter with one mutual inverter for a number of small 
scale wind turbines and the optimal adjustment of the wind turbine‘s load according 
to the wind speed allows enhancement of small wind turbines‘ operation efficiency. 

2. The applicable in practice possibility to use solar and wind energy for the domestic 
hot water system was proved by developing the theoretical framework and 
methodology for calculation of the hybrid system parameters. 

3. Functionality, stability and reliability of operation of the building’s space heating 
system, based on the wind turbine and electric grid, its suitability for the regions, 
having good and excellent wind energy resources was proved by the research of its 
digital model. 

4. The proposed measures for enhancement of small wind turbines‘ operation 
efficiency and the suggested innovative wind-based energy systems make more 
possibilities for wind energy usage in buildings managing without the wind 
generated power supply into the electric. 
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Vytautas Adomavičius, Česlovas Ramonas 
 

MAŽOS GALIOS VĖJO ENERGIJOS SISTEMOS  
 

Reziumė 
 

Straipsnyje trumpai apibendrinti autorių atliktų tyrimų per paskutiniuosius 
keletą metų rezultatai mažos galios vėjo energijos sistemų srityje. Vėjo energiją 
siūloma naudoti sodybose ir kituose pastatuose jų šilumos ir elektros energijos 
poreikiams tenkinti. Pateikta argumentacija iš vėjo gautai energijai naudoti 
pastatuose jos gamybos vietoje. Pasiūlyti būdai vėjo energijos naudojimo 
efektyvumui padidinti, tarp kurių yra didžiausią naudą galintis duoti ir mažiausiai 
pastangų juo pasinaudoti reikalaujantis techninis-ekonominis geriausių mažųjų 
vėjo elektrinių atrinkimo kriterijus. Aprašyti inovacinės hibridinės vandens 
šildymo sistemos su mažąja vėjo elektrine ir saulės kolektoriais bei inovacinės 
patalpų šildymo sistemos su elektrodiniu katilu, maitinamu iš mažosios vėjo 
elektrinės ir elektros tinklo, tyrimų rezultatai. Pateiktos nuorodos į publikacijas, 
kuriose yra visa autorių paskelbta informacija nagrinėjamomis temomis.  

Energijos efektyvumas, mažos galios vėjo elektrinės, šilumos ir elektros 

energija sodyboms. 

 

 
В. Адомавичюс, Ч. Рамонас 

 
МАЛОМОЩНЫЕ ВЕТРЕННЫЕ СИСТЕМЫ  

 
Резюме 

 
В статье коротко обобщены результаты исследований авторов, 

проведены в течение нескольких последних лет в области маломощных 
систем ветреной энергии. Предложено ветреную энергию применять в 
усадьбах и других зданиях, находящихся недалеко от ветроэлектростанций 
малой мощности, как источник тепловой и электроэнергии. Изложена 
аргументация применения энергии местных ветреных электростанции в 
зданиях разного типа. Предложены способы для улучшения эффективности 
эксплуатации ветреной энергии. Описаны результаты исследования 
инновационной гибридной системы подогрева воды, основанной на 
применения  ветроэлектростанции малой мощности и солнечных 
коллекторов, а также гибридной электрической системы отопления 
помещений, основанной на применения ветроэлектростанции малой 
мощности и электрической сети. В список литературы включены публикации 
авторов с полной информацией по вопросам, изложенным в данной статье.  

Энергоэффективность, ветреные электростанции, тепловая и 

электрическая энергия для усадеб. 


