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Reaimat. Pornind de la convingereaacproblema  Abstract. Starting ffom the conviction that the problem
utilizarii energiei eoliene ar merita mai malatenie Tn of wind power conversion should deserve a greater
Romania, autorii preziato metod simpk de evaluare a attention in Romania, the authors present a simple
potenialului eolian. method to estimate the wind potential of a region.

Se propune o0 modalitate de aprecigreomparare a An evaluation and comparison modality for the
potentialului din diverse zone geografice, precumo wind power potential on different geographical =&
metodi de estimare a cuantumului utilizabil din acest proposed, as well as a method to estimate the lusafu
potential. Exemplificarea se face prin prelucrarea datelo of this potential. The illustration is made by mssing
furnizate de INMH, pentru 23 de gtaneteorologice, pe  measured data, supplied by INMH, for 23 meteoraalgi

durata unei luni (martie 2007). stations, during a month (march, 2007).
Cuvinte chele energie eolial, potenial, estimare Key words: wind energy, potential, estimation
1. Introducere 1. Introduction
In  contextul actualei crize energetice, In the present conditions of energetic crisis, the

preocuparea pentruagjreasi utilizarea unor surse concernto find new unconventional energy sources
altemnative de energie este mai mult decat netesarbecomes more than necessary. One of the cheaper
Una dintre sursele cele mai ieftine estrergia  sources isvind energywhich is used for centuries,
eoliang, utilizata din vechime, dar cu o dezvoltare but having a huge development in the last time
deosebii in ultimul timp only.

Energia eoliad este larg aspandi, este Wind energy is plentiful, renewable, widely
regenerabil, curaf, reducand indirect emisiile de distributed, cleans and reduces toxic atmospheric
gaze toxice produse la tierea energiei electrice gas emissions when it is used to replace fossi-fue
prin arderea combustibililor fosili. derived electricity.

La sfasitul lui 2006, produga pe plan mondial At the end of 2006, world-wide capacity of
a generatoarelor electrice antrenate de vant allost wind powered generators was 74,223 MW,
74,223 MW, dei acestea produc in mod curent maialthough it currently produces less than 1% of
puin de 1% din consumul mondial de energieworld-wide electricity use, it accounts for
electrici, aportul acestei surse de energie este dapproximately 20% of electricity use in Denmark,
20% in Danemarca, 9% in Spang 7% Tn 9% in Spain, and 7% in Germany. Globally, wind
Germania. Pe plan global, canttatea de energipower generation was more than quadrupled
electric oltinuta din generatoare eoliene a crescutbetween 2000 and 2006 [1].
de mai mult de patru ori intre 2062006 [1].

Fundamentarea invegor privind utilizarea The investment decision of individual users or
energiei vantului in gospadile individuale, in  firms on wind power utilities installation demands
ferme sau in baterii (tele) de turbine necesifinsgi  an appropriate knowledge of wind potential for
cunogterea potetialului eolian pentru fiecare every site and/or customer type.
amplasament, respectiv gen de uilizator. At the present time, although there are some

In prezent, dg exista harti ale vitezelor maps of wind velocities in Romania [2], there is no
vantului iIn Romania [2], nu sunt publicate in available liierature conceming the estimation
literatura modalititile de evaluare folosite pentru methods used in drawing them. For this reason, the
intocmirea lor. De aceea, autorii propun o m&tod authors propose here an estimation method of wind
de evaluare a potg@alului eolian pe baza datelor potential, starting from the online available data
furnizate de INMH privind viteza vantului la supplied by INMH for different meteorological
diverse stai meteorologice, care poate fi uilizat stations. This method may easily be used in omler t
usor pentru a decide asupra oportéatitamplagrii make a decision on the opportunity of wind power
unor turbine ih zone geografice concrete. utilities placement on a given site.
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2. Metodologia de evaluare a potentiaului 2. Wind potential evaluating

eolian methodol ogy
2.1. Definitii 2.1. Definitions
Cantitatea de energie care travergeazitatea The energy quantity that passes by the unit area

de suprafe normafi pe diregcia vantului, in normal to the wind direction, in a second, is
unitatea de timp, se nugtie densitate a fluxului de denominated asnergy flux densit{3]:
energig3]:

:ﬁ, 1)
2
undep este denstatea aerulu, Veeste viteza vantulu.  wherep is the air density andis the wind speed.
Evident, aceast densitate a fluxului preziat This flux density evidently presents great

varigii mari, in timpsi in spaiu. Pentru un anumit variations, in time and space. For a given location
amplasament, media temparal densitii fluxului de  the temporal mean value of the energy flux density,
energie, pe un interval de timpsuficient de mare, for a sufficient great time interval, defines the

definete potenialul eolian al amplasamentutui wind potential of the site
T
s:nmm—lj P(t)dt, (2)
To
Uneori se folosge termenul de poteial eolian Sometimes, one uses the term wind potential
si pentru energia medie andakare traversedz forthe mean value of the wind energy passing in an
unitatea de supraganormal pe direg¢ia vantului: year through an unit area, normal to the wind
direction, too:
T
E=[P(t)dt, (3)
0
cuT =1 an=8760 ore. with T= 1 year = 8760 ours.
Din expresiile de mai sus, rezilti energia From the above expressions we get that the

posibil de captat este dependede cubul vitezei available energy is depending of the third power of
vantului; de aici apare import@nstabilirii cat mai  the air speed; from this fact results the imporeanc
precise avitezeai duratei vantului pentru un anumit of a precise determination of the wind speed and
amplasament. duration, for a given site.

2.2.Date deintraresi prelucrarea acestora 2.2. Enter dataand their processng
Se pleag de la date fumizate online de INMH We were starting from the online data provided by

privind viteza vantului. Astfel, s-au déiscat date INMH on wind speed. So, we have downloaded
privind viteza vantului de-a lungul unei luni (miart data regarding the wind speed, meaning maximum,
2007), cu valori maxime, minimesi medi minimum and weighted mean daily values, during a
ponderate, la 23 de giameteo de pe cuprinsul month (March 2007), at 23 meteorological stations
Romaniei [4]. Spre ilustrareioh datele inregistrate in Romania [4]. As an illustration, we give the
la staia Sulina (figura 1). stored data at Sulina (figure 1).

Avand 1n vedere caracterul aleatoriu al Taking into account the random character of the
fenomenului meteorologic numit vant, se impune owind, a statistical processing of these discreéa da
prelucrare statistica datelor prezentate. is recommended.
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Figura.1. Viteza vantului la Sulina, martie 2007
Figure.1. Wind speed at Sulina, March 2007
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In primul rand, vom réne nu atét valorile First, we shall retain not the maximum values
maxime ale vitezei cat, mult mai important, valeril of the speed, but the most important mean weighted
medii ponderate ale vitezei (care sunt furnizate devalues, also given by INMH. T his because, in order
INMH). Aceasta deoarece, pentru a surprindeto consider the energetic aspect of this phenomenon
aspectul energetic al fenomenului, contefaarte  the wind duration at a given mean speedmore
mult durata vantului de o anurhintensitate. important than the peak speed.

in al doilea rand, datoditfaptului ¢i o turbiri Secondly, because a wind turbine gives a good
eoliam nu c randament bun decét la viteze de vantefficiency at speeds greater than 3m/s only
mai mari de 3 m/s (turbinele Savonius), iar celé ma(Savonius type), and the most middle power
multe turbine Darrieus abia de la valori mai maxi d turbines even at speeds greater than 5 m/s (Darrieu
5 m/s, valorile vitezei vantului se vor grupa Tn and other types), the wind durations will be gradipe
intervale convenabile (tabelul 1). into speed intervals (table 1).

Tabelul 1. Durata vantului (ore)
Table 1. Wind duration (hours)

Site v>3|v>6|v>9|v>12 Site v>3 | v>6 | v>9 [ v>12
m/s m/s m/s m/s m/s m/s m/s m/s
Arad 120 Deva 96
Baciu 384 48 Drobeta Tr. Severn 48
Botosani 336 48 Gata 432 24
Bucursti 216 Iai 504 72
Buzu 624 72 Miercurea Ciuc 192
Cailaragi 432 24 Ocn&ugatag 168
Caransehbge 336 72 Ramnicu Valcea 96
Ceahlu Toaca 528 360 192 96 Rorii de Vede 408 96
Cluj Napoca 216 Sibiu 336 24
Constam 264 Sulina 744 456 96
Craiova 456 Tulcea 432 72 48
Varful Omu 672 576 384 240
Din simpla citire a datelor din tabelub#&lrat se From the first reading of tabulated data, one can

poate vedea iac exist unele zone cu potgal see that there are zones of too low potential,rothe
nesemnificativ, akele cu potgal mic, moderat sau zones having a middle or even great wind potential.
foarte mare. Desigur, nu trebuie uitat studiul de  Of course, one must remember that the present
fata este demonstrativ; aceasta nu inseains ca study is a demonstrative one; but, even so, its
rezultatele sale nu pot avea caracter de segndal results should be taken as a signal and in an
initiere in problera Urmeaz ca un astfel de studiu initiatory sense. The study must be amplified and
s fie amplificat si extins pe mai mtil ani. Pentru  extended on a longer duration (a year or many). For
moment, autorii § propun doar & contureze o the time being, the authors intended to sketch only
metodologie de evaluare, avand certitudinea can evaluation methodology, keeping the conviction
dupd un studiu cantitativ aamunit se va puea that after a quantitative and detailed study ome ca
spune cu precizie unde este util a se plasa turbingay with accuracy where will be useful to place a
eoliene, de care tipi §ie acesteai de ce putere. wind turbine of an optimum gain.

Gruparea vitezelor pe intervale este necesar This grouping of wind values into speed
pentru determinarea unei fuiicde corelaie intre  intervals is necessary in order to find a correfati
timpul T cat vantul bate cu o vitgzgah sau mai function between the timé when the wind speed is
mare decét o vitézoarecarev si viteza, adici, o  equal or greater than a given valMemeaning a
functie T =T(V). T =T(v) function.

Plecand de la aspectul datelor din tabelul 1, se  Starting from the data aspect in table 1, we can
poate presupuneaccea mai potrivii forma a  presume that the most suitable form of The T(v)
functiei T = T(v) este cea expongala. Prin urmare, function is the exponential one. Therefore, it can
se propune forma: take the form:

T=are? 4)
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Coeficiertii a si b pot fi determing@ prin metoda After linearization of the expression (4) taking
celor mai mici @trate, du@ liniarizarea expresiei its logarithm, and using the smallest squares nugtho
(4) prin logaritmare. we can get the values af and b coefficients.

Spre exemplificare,ain mai jos expresiile (4) For example, we give bellow the calculated
calculate pentru amplasamentele cu cele makxpressions (4) for five most significant sitesnfro
semnificative potemale din tabelul 1: table 1:

T=1033e %1%V varful Omu (5a)
T=102249& %918V CeahluToaca (5b)
T =2537%6[@ °**%,  sulina (5¢)

T =102249@ %%%%V  Tulcea (5d)

T =35122[& 0048V |gi (5e)

Graficele fundilor de mai sus sunt redate in The graphs of above mentioned functions are
figura 2. Alura curbelor permite cwuwrinta s8 se  given in figure 2. Here, the curves aspect alloms a
faca o compargie intre diversele zone privitor la easy comparison between different zones regarding
vitezasi durata vantului pentru perioada studiat the wind speed and duration, for the studied period
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Figura 2. Funga T = T(V) pentru diferite locgi
Figure 2. FunctioWl =T(v) for different locations

2.3. BEval uarea potenti alului edlian si a energiel 2.3. BEval uation of wind potential and useful
utilizabile energy
Calculul potemialului eolian se va face pentru Wind potential evaluation will be made for the

cele cinci stéi mai sus metionate, cu referire la five sites above mentioned, regarding the time
perioada de timp martie 2007Fara indoiak, period March 2007. Undoubtedly, the same manner
modalitatea de calcul se va putea utiliza apoipent of calculus will be usable for any other time pelrio

orice ali perioad de timp sau zahgeografia. and/or geographic zone.
In baza relgilor (1) — (3), se poate scrie: In the base of relations (1) — (3), can be written:
T
E=Rgvat (6)
20

in care se va introduce viteza medie pondersd  where we shall introduce the weighted mean speed
functie de timp. as a time function.

Cum valorile vitezei de care se dispune au un  As the speed values have a random discreet
caracter aleatoriu discret, un calcul adecvat acharacter, a proper calculus would presume the
presupune prelucrarea statistica datelor de statistic processing of measured data. For the
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masuratori. Pentru moment, autorii au preferat s moment, the authors preferred to evaluate the

calculeze integrala din reia (6) prin transformarea
acesteia In suincu nundr finit de termeni. In acest
sens, s-a folosit expresia:

p 30
E==00
2 =1
in care:t - durata unei ziley; - viteza medie
ponderal a vantului in ziuai,.
Daci in relaia de mai sus se introduce:
p = 1,255 kg/m si t = 86400 s, rezdlto valoare a
potertialului in J/nf. Aceasta repreziatenergia pe
care o posedo vari de curent cu sgianea de 1 M
Prin Tmpartirea valorii de mai sus cu 3,610
energia va fi exprimat in kW-h/nf. Rezultatele
acestui calcul sunt redate intabelul 2.

Vi3 +Vi3+1

integral from the relation (6) by taking the sumaof
finite number of terms. In this sense, the expogssi
used is:

> (7)

where:t - duration of a dayy, - weighted mean
speed of dayi”.

If in the above relation we introduge= 1.225
kg/m® andt = 86400 s, the wind potential will result
in J/nf. This will represent the energy possessed by
an air stream having a cross section of £ m
Dividing the above value by 3.6X,Gthe energy
will result in kW-h/m. The results of this calculus

are presented intable 2.

Tabelul.2. Energia eoliarspecifc Tn luna martie 2007
Table 2. Speciic wind energy in March 2007

Site Varful Omu Cealil Toaca

Sulina Tulcea dia

E (KWhin?) 1784.9 654.39

229.8 45.138 43.53

Asa cum s-a mai spus, la viteze de vant mici

As we said before, at low wind speed the wind

turbinele eoliene nu pot pormi sau, chiar @dac turbines can not start or even if they do starythe

pomesc, au un randament foartézst. De aceea,

would have a very poor efficiency. For this reason,

valorile din tabelul 2 ale energiei eoliene trebuiethe values given in table 2 for the wind energytmus

amendate. Aceasta se poate face tiancde
amplasament, de frecveenvanturilor marisi de
felul turbinelor instalate. De piig in zonele cu
energii specifice micE < 100 kW-h/m, unde este

posibii utilizarea unor turbine Savonius carethere

be amended. This can be made regarding the
location, the high wind frequency and the type of
the turbine. For example, in the zones with low
energy levels, let's saff < 100 kW-h/mi, where

is still possible to use small turbines

pornesc gor si dau randament incepand de la viteze(Savonius) which start easily and are efficient for
de 3 m/s, se pot elimina din start zilele in carespeeds greater than 3 m/s, we can eliminate from

v < 3 m/s. Atunci, energia utilizabilse va calcula
cu relaia:

E, =E-1pad
2 1

in carek - numirul zilelor in carev <3 m/s;
Vv, - Viteza medie a vantului in ziu&’,
Astfel, pentru locaa lasi, unde timp de 11 zile
vantul a fost mai slab de 3 m/s, energia utilizahil
fost:

E, = 4353- 2223
200C

Dupa cum se poate observa, chiar dup

the beginning the days when wind speed was
smaller than 3 m/s. Then, the useful energy will be
calculated with the relation:

(8)

where:k —the number of days in which< 3 m/s;
¥- mean wind speed in the day’
So, for the lai zone, where during 11 days the
wind mean speed was less than 3 m/s, the useful
energy was:

(411883 = 4076 kW-h/nt.

As we can see, even after the elimination of the

eliminarea din calcul a zilelor cu vant slab sal nudays having small or null wind, the energy potdntia

potertialul nu a s&zut decat cu 6,3%.
In zonele cu potaial mediu, de pild la Sulina,
se pot uiliza atat turbine de niiputere, catsi

wasn’t reduced more than with 6.3%.
In the zones with middle level of potential, for
example at Sulina, it is possible to uilise batmad

turbine de medie putere. Avand in vedere fapiiul c and middle turbines. So, because here was a single

aici a existat o singarzi in care vantul a fost mai

day in which the wind speed was smaller than 3

slab de 5 m/s, difereaintre energia pe care vantul m\s, the difference between the potential energy

0 posedai cea utilizabifi este neglijabil.

and the useful one was negligible.
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in zonele montane, de exemplu CaahT oaca In the mountain zones, for example at Céahl
sau Varful Omu, problema se pune invers: aiciToaca or Varful Omu, the problem becomes
turbinele vor trebuisfie blocate in zilele cu vant reversed: here, the turbines must be stopped in the
mai tare de 20 m/s ! Dadn Ceahdu a fost numaio days with wind speed greater than 20 m/s. If at
singuid zi cu astfel de vant (23 m/s), la Varful Omu Ceahiiu there was a single day with such a wind
au fost 4 zile cu astfel de cofididin care o zi cu (23 m/s), at Varful Omu there were 4 days with
32 m/s !). Maniera de calcul a energiei utilizabile such conditions (from which, one day with 32
ramane in% aceed — aici se vor elimina din calcul m/s!). The calculus manner for useful energy
zilele cu vant mai tare decét indidia tehnice ale remainsthe same — here will be eliminatedthe days

constructorului turbinei. presenting a stronger wind than the turbine
technical book indicates.
Trebuie precizat&£in cele de mai sus s-aitat We have to point out that so far we presented

cum se poate evalua potatul eoliansi nu puterea the method to evaluate the wind energy potential
efectiv obinuta de pe urma unei turbine. Ste and not the effective mechanical power of the
(teoria lui Betz, 1966) & puterea unei turbine turbine. It is well known that this one last parbare

eoliene variaz intre 36%si 59% din puterea vanei reachesonly 36% - 59% from the power of the flow

de curent caretraverseadiscul turbinei [5]. passing through the turbine area [5].
3.Concluzii 3. Conclusions
Lucrarea de fia se vrea un semnal asupra unei The present paper intents to be a signal on a

probleme care, decu 20 de ani in urtnpreocupa topic which, though 20 years ago was inthe attanti
cercurilestiintifice roméanéti din domeniul surselor of Romanian scientific circles from the alternative
altemative de energie, a adus predngeurezultate energy sources domain, so far has a few concrete
concrete. La ora actdal se presupune, afi results. At the present, there are people who
demonstrae, ¢ in Romania poteialul eolian fiind  presume, without demonstration, that in Romania the
prea slab, o invegt¢ in acest domeniu nu este wind energy potential being to low there is no o@as
rentabifi. Or, du@ cum se aratin prezenta lucrare, to make an investment in this field. But, as wedav
un anume poteial eolian exist; el ateapti doar 8  pointed out in the paper, a certain potential does
fie evaluat cu exactitatg utilizat cu maximum de exidt; it is only waiting to be exactly evaluatetta
randament. used with maximum efficiency.

Metoda propuspermite evaluarea, Cywint si The proposed method allows an easy and precise
cu suficient precizie, a poteialului eolian in orice evaluation of wind energy potential in every zonre,
zoni, pe baza datelor fumizate de INMH sau a celothe basis of data supplied by INMH or on the basis
ohtinute prin méisuwdri in chiar amplasamentul vizat.  measurements made inthe very specific site.

Construirea curbelof = T(v) pentru toate The curvesT = T(v), made for all the
stgiile meteorologice, pe baza unor date pemeteorological stations and for longer periods of
perioade lungi de timp, fumizeazin instrument time, represent a rapid instrument for evaluatibn o
rapid de apreciere a zonelor semnificative din puncsignificant zones from the point of view of wind
de vedere al energiei eoliene. energy.

Precizia evaldrii potertialului eolian poate fi The accuracy of the potential evaluation may
imburatatita daci in relaia (6) se introduce expresia be improved if one replaces in the relation (6) the
vitezei vantului rezultaprintr-o abordare statisic  wind speed expression resulted from a statistical
pentru ¢gsirea formei adecvate a repadi approach in data processing, in order to find an
vitezelor. Aceasta este ditex in care autoriisi  adequate form for the speed repartition. This & th
propun & continue acest studiu. direction in which the authors intendto continue.
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