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Abstract: Small wind turbines are specially designed forkihiét environment and can be placed on buildirgshedded
in buildings or freestanding on the ground nexpiddings. This means that the turbine is desigoedhe wind in the
built environment and withstands the impact of wémdl turbulence and that the shape and size tfithiees have been
designed to meet the visual conditions of surraugdhuildings with the environment in mind. Its posp is to generate
clean emission-free energy for homes, offices, alsh@nd the like. Thanks to this simple and insiregly popular
technology, turbine owners can produce their enargl/save not only money but also the environment.

1 Introduction in wind turbines, in the end, might not lead tol ful

small wind turbines are available on the world reark €xploitation of the potential of turbines. It ifietefore,
in all sorts of concepts, performances, and dinoerissiThe Need for more detailed research and developmenéwf
number of installed small wind devices in the count typologies of HAWT — horizontal axis wind turbineda.
depends not only on conditions such as relief eratttual VAWT — vertical axis wind turbine designs that will
wind conditions. But also the policy of the staggarding implement more efficient generators able to copté tie
electricity buyout, public awareness, subsidiesnguthe characteristics of the wind in urban areas [4].
construction, as well as market and technical@sgie and ~ Urban wind turbines vary from large wind turbines i
the availability of such equipment and spare part§any ways. From the perspective of the blade design
Globally, growth in sales of small wind devicesimually Small wind turbines require different aerodynanmiofite
increasing. In 2013 was recorded 870,000 instaifadil than large wind turbines due to the differencegeinpheral
wind devices. A global leader is China, which has,600 Speed in proportion to the wind speed. BladesrgBlavind
installed units. By a significant gap followed etUS and  turbines are more advanced in terms of aerodyndesign
European countries, led by Britain. The total iista than small wind turbines, which are mostly affecbyda
capacity of small wind devices in 2014 reached W3,  coefficient of performance of wind turbine. Theipkeral

which compared to 2013 represents an increase.@¥40 Speed of a small wind turbine has a direct impacthe
transmission system and energy production, anefibrer

2 Urban wind turbines it requires a gearbox. Directly driven systems rmu@re
reliable and require less maintenance. Also, theeggnof
mall wind turbines and systems regulating speed ar
ifferent from large wind turbines, using mechalica
controlled systems of slope and deflection, whick a
(gfferent from large wind turbines with an election

With advances in the technologies of wind turbinies,
is possible to use small and micro wind turbines t
overcome the unfavorable state of the wind in huplt
areas. The emergence of urban wind turbines ismdive
new technologies and advances in the constructfon . ; ;
turbines, plus favorable financial incentives offieby the cont(ol system. Besides, small W'.nd turt?me towars
government, given the ever-increasing energy |c1ricer Iatl\_/ely high, as th_ey heed to achieve unimpdbbsd of
There is also growing public interest in wind tues, the wind over the windward side of the obstacles.

despite the fact that the public is not sufficigrfdmiliar . Ufbaf‘ wind t.urb_ines Wi!l always be at a disadvantag
with this issue [1]. Experts also add that the ey@ece of with the installation in unsuitable places, compdcelarge

urban wind turbines is necessary due to the shithe Wind turbines, due to lower heights in densely fafed
approach of centralized production of energy tt aeal urban areas. Itis also not clear whether urban wirbines
power generation directly at the place of consuompf8]. m_|ght .be gtandardlzed n bu_llt-up areas d_ue toaute,
But they also point out that the use of known tebbgies wind direction. Wind flow in this low altitude isfluenced
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by local conditions such as turbulence intensityergfore, » mounted on the surface of buildings, such aofsr
there are more suitable locations for the progofshie (building mounted wind turbines),
development of urban wind turbines in rural aread a fully integrated into the building,
coastal areas - where the sea breeze is presemt, an e within the pipes in the building.
suburban areas - where there are fewer barri¢he thow
[1]. 2.1 Buildings integrated wind turbines — BIWT
Dutton [2], described wind turbines near buildiregs
There are a number of technical issues that nebé tofreestanding wind turbines, which are able to wodar
addressed in the development of wind turbine systiem buildings and benefit from an enhanced flow of wind
built-up areas, which are [4] caused by surrounding buildings. They can be added
1) System type - static, integrated in a building éxisting urban areas or incorporated in its entiigtio the
facility, deflection system, with / without convectand /  design of new built-up areas where the whole ptdjec
or diffuser, tailored to their placement. Although wind turbirresar
2) System attributes - self-triggering, safe, lase, buildings can provide more energy than wind turbine
weak vibration, durable construction, minimalmounted on buildings, the price per kilowatt is alsu
maintenance, lightweight, high performance, quite high (compared with medium / large wind togsi)
3) Placement - aesthetics, strength of building due to the need to cover the costs for the fouadsaif the
infrastructure, electromagnetic interference ofs&mg turbine, tower, and wiring.
power facilities, space for other equipment such as An example of this type is small freestanding touedin
monitoring system. Mile and Ecology Centre in London and the wind tueb
at the BP station, Wandsworth, also in London, tigice
Another aspect is the difficulty of obtaining smaihd  6kwW turbines with a blades diameter of 5.5 meters.
turbines compared with large ones. Old wind turbiwéh  Another example of this type is the installationtiofee
low capacity can be redesigned and used in the builskw wind turbines within the project ZEBRA (Zero
environment, but in order to maximize energy préidnc Emission Building Renewing Alnwick), where the
from integrated wind turbine in the built environmhéhe estimated power is 60,000 kWh per year.

foIIowing. points should be taken into account: According to the report WINEUR [12], this type of
+turbines should preferably be placed on largtegration in between the built environment is allyu
buildings with extensive roof, being realized in the open spaces and areas dbtlite

* determine what type and model of turbines aretoes environment such as school playgrounds and parks.
use for the selected building and site,

* deploy more turbines on the same site, if possibl 2 2 Building mounted wind turbines —- BMWT

- examine whether the building and its surroundergs ~ According to the Royal Institute of British Archits

suitable for the placement of urban wind turbines, (RIBA), wind turbines mounted on buildings are dgain
« acquire the consent for the placement of turbines the most public attention. However, one of the main
the area, obstacles, associated with this type is obtaininiddimg

« determine the visual impact on the surroundinj®- permits, but there are a couple of examples of et
movement of the blades can produce a visual distoim  wind turbines mounted on buildings. These deviaes a
the area, more likely to contribute to the supply of elediyavithin

» concentration of turbines placement in certa@as  the built environment. Wind turbines are mounted on

* ensure that the turbines are marked in spatigliildings as physically connected to buildings, rehene
development plans and that this development iseated  puilding plays the role of the vertical pillar fdhe

by all interested parties, . placement of the wind turbines for the use of reglivind
« devote sufficient attention to the aesthetic espé  flow [2].

integration - the turbines need to be well visusitggrated  Gjven that the built environment is complex, thieaur

into the building or site. context could have a significant impact on the flmwthe

tops of roofs and most likely will be very dynamic,
Regarding the integration of wind turbines withiret tyrbulent and include a vertical component. Evetthat
built environment, there are four main types oégration. same roof, the conditions can vary dramaticallynfrane
Wind turbines integrated within the built environmh@re pjace to another.
classified based on their position in relation toldings According to the project WINEUR [12], the most
[5]. The main objective is to capture fast windsl@¥ influencing parameter of wind flow over the roc &
turbulence of flow. And therefore may be urban Win%hape of the roof. Experts also pointed out tha)imapce

turbines either: _ _ of the impact of roof shape on the local wind floliney
* freestanding on a very high base in the builjlso mentioned the need to investigate the infleenfc
environment (wind turbines near buildings), different shapes of roofs on wind speed and turtnge

intensity and how it would be possible to incredise
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efficiency of energy production from wind turbindaced can be placed on the corners of buildings for gairey
on buildings. In addition to selecting the optirpkdce for  useful energy level.

attachment, a building should be suitable for faegment

of wind turbines and should also provide a reductio
vibration and noise [2].

Projects, where the existing buildings were fittéith
urban wind turbines, are not always feasible arrretble,
but if the design of the building was counting witie
possible implementation of wind turbines from the
beginning, the results might be better. Concerrautab
noise, vibration and energy yield can be eliminaifatiere
is properly conducted evaluation of the wind and
application of the correct wind turbine at optimum

mounting location. It is said that the wind turbivith a i
vertical axis of rotation, type Triple-Helix Quietrolution Y
(QR) (Figure 1), is ideal for urban environmentss rated —TSi
at 6 kW, produces 10,000 kWh/year at average wind -
speeds, it is free standing at approximate height4o ‘D

meters with a span of 3 meters. Ifit is place@dmnilding,
sufficient height for mounting is 8 meters. Moreuveis
profitable, which makes it attractive for businessd
building developers.

" Fi gure 2 Crossflex concept and its mounting [9]

Even though is a placement of each wind turbine
specific, there are a few basic procedures to ltmifed:

« for mounting HAWT on flat roofs, the turbine shdu
be placed near the center of the roof at 35-508tedfieight
of the building,

« if you cannot place the turbine sufficiently higfith
relation to the spatial plan, it is preferable $& & VAWT,
which can also withstand a high level of turbulence
intensity,

« the building, on which the wind turbine is intated
should be higher than the surrounding buildingatigast
30-50% of the height of surrounding buildings,

« full assessment of the wind should be done witd d
regard to the wind direction and its effect ondhentation
of the building,

« the minimum wind speed at the site should be more
than 5 m/s and turbulence intensity less than 10%,

* appropriate supporting structure and crane a@ess
also important,

* measures must be taken to ensure sufficientgitren

Figure 1 Wind turbine type Triple-Helix Quigtrevolution [ 10] of the building structure, which is not as easdgchable
in renovated buildings.

In the future it will be likely to see the combined
systems of wind turbines and photovoltaic moduldly f 2.3  Building augmented wind turbines — BAWT
integrated into the design of the roof. For thecemtual Wind turbines fully integrated into buildings atmse
design of the wind turbine mounted on a buildirgg t wind turbines capable of producing concentratedgsne
turbine should have flexible construction designbe from aerodynamically shaped buildings. In this cafsthe
easily anchored on a top of the roof or an edgeéhef integration of wind turbine is the shape of thediog used
building. Therefore, they developed the concept db directthe wind directly into the turbine. Theagpe of the
Darrieus VAWT called Crossflex (Figure 2), whichshe building serves as a support for integrated wintines
flexible system of blades, uses light frame systefnich  and as a wind accumulation place. Here is the tabele
extends the airflow and improves visual integratisto ~ of the architect in the design of the building, ethimust
buildings. It also has a modular design thankshahvit be based on aspects relating to aerodynamics. $ifate
installation of BAWT requires a comprehensive
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knowledge of aerodynamics of buildings, wind energysystem is suitable for installation on existing Ithnigs,
wind energy transformations and assessment ofteffec with appropriate wind.

costs. The construction of the building may reqsioee Concepts integrating large wind turbines with dieat
adjustments based on the assessment of the wimdelts axis of rotation in aerodynamically shaped buildirage

in the wind tunnel and CFD simulations. There is atill under development and appear only in the ¢ihdsi of
growing interest among architects to integrate windesigners and proposals of futuristic buildingswieer,
turbines into their projects and buildings formingp the buildings like Bahrain World Trade Centre or PdRiner
shape of a funnel. Number of new projects that wesed Tower are indeed built, but it is very difficult éezquire the

on the principle of aerodynamic buildings to enkatite information, which show the performance of the gnéted
performance of integrated wind turbines. For exanplwind turbines in detail, so that we can assessr thei
Bahrain World Trade Centre, Pearl River Tower inn@h effectiveness. So far it is impossible to assuragfitojects
Strata SE1 in London - all with fully integratedmdi such as these will become common in the built
turbines in the building. environment, given the wind turbines, which are not

Bahrain World Trade Centre is designed to collect a always visually appropriate. For this reason, theessful
compress the wind flow between the two towers, whier design of wind turbines must be built to bring t#adue for
the wind turbine with a horizontal axis of rotatipfaced the building itself.

(Figure 3). Narrowing of the Bahrain World Traden@e,

results in increased wind speed at the locatidheofurbine 2.4  Diffuser augmented wind turbines — DAWT
up to 30%, resulting in the supply of electricityorh Another group of turbines are diffuser-augmenteatwi
turbines in the range of 11-15% of the needs obthleing  turbines, which are covered to increase the coretaor
[6]. The same effect of narrowing is implementedP@arl  of wind (Figure 4). According to [3], unlike convinal
River Tower, where the building has four large apgs, wind turbines, DAWT were originally developed for
approximately 3 x 4 meters wide. The facade issti&o integration into the built environment. The maivatage
as to reduce the forces of resistance and optitheeate of DAWT is mainly that they are mostly HAWT and tés
at which wind flows through these openings. Thesgre fully enclosed in a casing. Casing is desigfoed
openings act as pressure valves for the building horizontal flow management, where the pressure
difference between inlet and outlet of the unitsed to
drive the turbine. A form of closure, input, outpand
installation of spoilers play an important roleobtaining
energy from installed wind turbine installed.

During the development, since '70s turbine bladegw
placed inside the housing profile and prototypesewe
developed at the University of Rijeka, in Croatvhgere the
stated yield of such an arrangement of the turligne
increased by 60% as compared to freestanding wind
turbines. This is attributed to accelerating effettthe
profile that allows the turbine to operate at lowand
speeds, as it collects more wind from differenesidnd
leads it directly to the turbine blades.

Figure 3 Bahrain World Trade Centre [ 6]

Altechnica of Milton Keynes patented the concert t
demonstrates how can be the implemented shapeeof th
roof for the placement of wind turbines.

The system is designed for installation on thetaés
the roof or on the top of curved part of the rddfe rotors
are incorporated in the structure resembling a edgeh
are covered with the profile. This profile can logipped
with photovoltaic cells, where the rotors are pthoa the ;
top of the curved roof. This effect should lead to Figure 4 Example of the diffuser- augmented wind turbine [6]
concentration of wind in a manner similar to flovoend
the car hood. The advantage of this system isitlutes However, at high wind speeds there is a risk of
not interfere with the visual observation for theserver excessive stress of the blades, which was resdbyed
and appears as an integrated part of the buildilsg, the introducing hydraulically controlled openings for
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discharging air from the turbine housing, whichdsvated

area management on building placement with thelingjl

when the pressure in the housing is too high. The&m proceedings and issues a decision on the authorizat

problem remains in the high initial cost of the ipguent,
due to the use of special material for the manufacbf

construction (building permit).
If the wind device exceeds the above-described

housing, but it might remain ignored in the long),ru dimensions, the building permits is required fore th

considering the energy yield.

construction. Thereafter, a valid certificate o&gical

The use of cover for the blades has several adyastacompletion leads to permanent use authorizatiothef

[3]:

 improved security in the event of failure or leos

blade,

device, and thus to its entry into service.
Of course, issuance of a decision on the locatictheo
construction as well as subsequent building peranit

 greater energy yield than with conventional windonstruction notification is preceded by the fatiént of a

turbines due to higher pressure differences,

« integrates easily into architectural design,

« visually less intrusive.

On the other hand, it should be noted that if thredw
speed exceeds 16 m/s, the effect of the shafhailbe as
significant. It is therefore necessary to consitmmomic
factors, before itis decided to use diffuser-augiee wind
the turbines, since they are usually more experisian
conventional wind turbines.

3 The legislation of using small wind

devices in Slovakia
Among the equipment for the production of electyici
through wind power as a renewable energy sourtengpe
undoubtedly small wind installations. According ttee
installed capacity, small wind installations aresidered
as those with power up to 20 kW. On the other hérel

law on the promotion of RES speaks about smallggner

sources as the equipment for the production ofrétéy

from renewable energy sources with a total ingdall

capacity of 10 kW, while the producers of electyidiom
small power source are provided with a specialgpeettial
privileges regarding the connection of the equipnethe
distribution network.

With regard to the placement of small
installations in built-up areas, it must satisfpumber of
legal conditions. First of all, the size of a smaihd
devices. Small wind plant shall be regarded witthie
meaning of the Constitution § 139b point c) of At
50/1976 Coll. on Territorial Planning and Buildi@pde
(Building Act) as a simple structure, if its builp area
does not exceed 300 m2 and 15 m in height. Inchse
there is a simplified authorization procedure flacpment
of small wind devices. A simplified method for aotlzing
construction means that the construction officé d@etide
on the location of the building (by the decision the
location of the building is the building land deténed, the
building is placed on it, determining of the coralis for
the building placement, determining the requiremdat
the contents of project documentation and the geoio
validity of the decision), in this decision it cdetermine
that for realization of the construction, the rioéfion for
construction office will suffice. The second vatida a
situation, where the conditions for placing areclgiven
the conditions in the area, the construction offioenects

number of requirements that are defined by thedhagl
Act, such as requirements for the protection oftiraind
landscape and the care of the environment, to ensur
compliance of urban solution and architectural glesif

the building with the surrounding environment dmelltke,

and submission of project documentation.

The most important prerequisite for granting adiog
permit or construction notification - for a smallimg
device is the assessment process of the effects of
construction on the environment.

Since the law on the assessment of environmental

impacts does not distinguish wind devices - powents
according to their performance, the impact assessme
applies on all wind devices, which represents stsuibial
administrative and financial burden for small wieVices.
All the above conditions apply to small wind degidbat
may be located, for example in the garden of fammdyse
in built-up areas. There is almost no legislatiegulation,
regarding the placement of small wind installaticrs
Jesidential buildings.

In every apartment building are common areas of the
building. Installation of a small source could coibe
annual consumption of electricity consumed in the
common areas (lighting, door opener, small ciréoat

wingPumps and partially lift consumption) using the grerted

electricity from small wind devices directly, or in
combination with energy storage. It would also newe
emergency lighting of staircases and other commeasa
(requirement STN 1838, 2001) during a power oufega
distribution network, thus increasing the safety tog
occupants of the house. It is not necessary tmbeected
to the distribution system for this type of powapgly.

Conclusion

Summarizing the above mentioned it could be
concluded that the installation of small wind itistsons
in built-up areas in Slovakia represents a sulstant
administrative and financial burden that is morelass
insurmountable. In other words, there is an abseafce
legislation related to their installation in builp areas.
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