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Abstract— In this paper, the authors investigate two Ioc
methodologies for synthesizing compact wind speed i iT i’ |
PMSG} C

profiles by means of evolutionary algorithms. Such profile Load
can be considered as input parameter in a prospective Rreiie
design process by optimization of a passive wind system { 1
with storage. Compact profiles are obtained by  statistical + + |~ |
aggregating elementary patterns in order to fulfil some distribution

target indicators. The main difference between both Statistics /
methods presented in the paper is related to the choice of

these indicators. In the first method, they are related to Figure 1. Passive wind system subjected to a wind profile and a load profile
the storage system features while they only depend on
wind features in the second.
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It is shown in [1] that 70 days of system simulation are
necessary to obtain an accurate sizing of the battery, allowing
the correlation of the load profile with the wind conditions. If

. INTRODUCTION this approach can be locally used to optimize the battery sizing

Small renewable energy systems as wind turbine awm@en the other components of the passive wind turbine are
actually very useful especially for remote areas for electricikpown, it cannot be applied in a global optimization context
production, pumping and water desalination. The design [8f requiring a wide number of system simulations. In this
these systems requires taking account of the wind potentiabe, the computational time would be drastically increased by
and the load demand. In a prior study [1], a battery sizitlge repetition of simulations on large time windows. In order
methodology has been presented for a 8 kW stand aldddace this issue, we investigate in this paper a methodology
passive wind turbine system (see Fig. 1). This method consféts reducing typical wind profile while keeping the wind
in determining the constraints (in terms of power and enerfgatures in terms of intensity, variability and statistics.

needs) associated with the storage system from temporgl  SYNTHESISPROCESSFCOMPACTPROFILES
Monte-Carlo-based simulations including wind and load FORENVIRONEMENTAL VARIABLES
profile variations. In this work, the evolution of the wind

speed was considered as stochastic while the load profile was! he synthesis process of compact wind profiles is based on
deterministically day to day repeated. In order to take accolit¢ approach developed in [3] for railway driving missions. It
of the wind potential features, multiple dynamics have be8ANSISts in generating a fictitious profile of any environmental
integrated in the wind profile, i.e. fast dynamics related ¥&riable (e.g. temperature, wind speed, solar irradiation...) by
turbulence phenomena as well as slow dynamics related4lling some constraints related to the variable (typically
seasonality represented with a Weibull statistic distributioftinimum, ~maximum and average value, probability
Consequently finding the most critical constraints on tiflistribution funqnon...). These constraints are expressed in
storage system requires the system simulation on large tig@ns of target indicators that can be evaluated from a set of
duration in order to include all dynamics (i.e. wind and lod&al cycles or from a single real cycle of large duration. The
profiles dynamics) and all correlations of those variables (effgtitious profile is obtained by aggregating elementary

time windows with small wind powers and high load po\,\,e,ggegmen_ts as shown in Fig. 2. Each segment is char_acterized by
and inversely). its amplitudeAS, (ASninrer SAS:<ASmaxer) and its duratiomt,
(OSAtnSAtcompact) .
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A time scaling step is performed after the profile o
generation in order to fulfil the constraint related to the time \H l”‘"U‘ i

duration, i.e. ZAt;=Ateomae Finding a compact fictitious §

profile of an environmental variable consists in finding all T2

segment parameters so that the generated profile fulfils all -30

target indicators on the reduced duratidm.q. This results 0 20 40 60 80 100 130 140 160 180 200
in solving an inverse problem withN2parameters wheril time(days)

denotes the ”umber of se_gments in t.he compact profile. TIF‘ ure 3. Actual ‘reference’ wind speed profile, storage power and energy.
can be done using evolutionary algorithms [4] and especiall

with the clearing method [5] well suited to treat this kind of ppF . is evaluated on 20 equally spaced intervals between
problem with high dimensionality and high multimodality. Iy and the maximum wind speed valMemae Finally, the
should also be noted that the numbeof segmentsan be gjohal errors to be minimized in the synthesis profile process

itself optimized through a self-adaptive procedure [3]. can be expressed as:
lll.  APPLICATIONTO COMPACTPROFILE 2
SYNTHESISOFWIND SPEED € =[PBATMAX ~ PeaTmax 'ef]
In this section the synthesis process is applied on an actual PeaTmAX ref 2
wind speed profile of 200 days duration with the aim of PaaTri = PRATMIN res 2 ES-ES 2
generating a compact profile on a reduced duratiQgiypac. [ ] +[ ] + Egat
Two different approaches are investigated depending on the PBATMIN ref ESrer
choice of the target indicators used for generating the fictitious o
compact wind speed profile. where the statistic errak, denotes the mean squared error
between bottCDFs relative to reference and generated wind
A. First method: target indicators are related to storage speed profiles:
system features )
The global sizing of the storage system is related to the :ixi CDF (k) — CDF,¢ (k) 3
three following variablesPgatvax, Pearin @and ES which sat = o0 = CDF, (K)

respectively denote the maximum and the minimum storage
powers in the batteryPgar(t) and the maximum energyAll ‘ref indexed variables are based on the reference wind
guantity imposed to this storage. These variables are extragiaufile of Figure 3. The inverse problem has been solved with
from the simulation of a 8 kW passive wind turbine systethe clearing algorithm [5] using a population size of 100

and used as target indicators in the synthesis process. individuals and a number of generations of 500 000. Multiple
Note that the reference value of the storage useful eneggfimization runs were performed with different compaction
ESe is defined as follows: time Ateompaet - In particular, the minimum compaction time
(i.e. min Ateompae) Was determined using dichotomous search
ES = maxE(t) - min E(t) (1) in order to ensure a global errer less than 18 Table |

shows the values of the global ereoversus the compaction

time. It can be seen that the lowest valueAiggae ensuring

the fulfillment of the target indicators with sufficient accuracy

is about 10 days. We give in Fig. 4 the characteristics of the
Note thatE(t) is a saturated integral, with 0 as upper lim@€enerated wind profile obtained from the aggregation of 109

so that the battery storage is only sized in discharge modél@mentary segments fulfilling all target indicators. It can be

avoid oversizing it during wide charge period (huge winc&en from this figure that th€DF of this compact wind

with reduced load). An additional target indicator i@rofile closely coincides with that of the reference wind

considered to take account of statistic features of the refereRtgfile.

wind cycle. We use the Cumulative Distribution Function

CDF(V,q) [6]48] computed from the corresponding TABLE!. INFLUENCE OF Atoormaa. ON THE GLOBAL ERRORe

pr_obability density_ functionRDF,«) related to the reference Atconpaat (days) 40 20 10 5

wind speed behaviour. Globalerrol: __ =8.1C°_=91C° =9.1C ~7.1C7

t
where E(t) =IPBAT(T)dT t0[0, At ]
0




TABLE II. TARGETINDICATORS OFTHE GENERATEDWIND

SPEEDPROFILE. 225 51
=1
c
Refer_ence Compact Error (%) 5§20 08
profile profile >
Psammax (KW) 30 30 0 15 0.6
Pearmin (KW) -5.8¢ -5.82 0.1 10
ES (KWh) 32.36 324 0.12 04
_3C 5 0.2 = Reference CDF
@ E 1 == generated CDF
S ° % o % 0 20 2
-§zo 0.8 timE(dayS% >t 15Vwind(m/sir)
> 0.6 Figure 5. Generated wind speed with corresponding CDF.
10 0.4 where ey is computed according to (3) and where the
0.2 E:;z';f:d?; reference intermittent wind ener@y; is scaled according to
0 0 the compact profile duration:
0 ime(daysl® © 5 10 15,20 m %5%
Figure 4. Generated wind speed with corresponding CDF. _ Atcompact
Bvret =—— X Byrer (Atreal ) (6)

4t
Table 1l compares the values of the target indicators ref

related to the battery sizing for the reference and the fictitiole inverse problem was solved with the clearing algorithm
profile generated with the clearing algorithm. A goodith the same control parameters as in the previous
agreement between those values indicates that the comg@gisection. Multiple optimization runs were performed with
wind profile will lead to the same battery sizing as thgifferent compaction timé\temes. The minimum value for
reference wind profile on larger duration. this variable ensuring a global error less thar? ias
B. Second method: target indicatorsonly related to the identical to that found with the previous approach (i.e. 10
wind features days). Fig. 5 shows the characteristics of the generated wind
In this second approach target indicators are only relaf@file obtained from the aggregation of 130 elementary
to the wind features. We first consider three indicavrs, Segments fulfilling all target indicators. The good agreement
Vmin and 4> representing the maximum and minimunk€tween the compact generated profile and the reference
speed values and the average cubic wind speed value. Np@&tile can also be observed in this figure in terms of CDF.
that /%> is used instead of the average wind speed valti@ally, Tablelll shows that the values of the target
<V> because the power produced by the wind turbine ifglicators are very close in both cases.
directly proportional to the cubic wind speed value. Similarly  £qr comparison with the previous approach, we also give
to the previous approach, we also add as target indicator {h sjzing of the battery obtained from the simulation of the
CDF associated with the wind profile in order to take accoupbmpact profile. It should be noted that contrarily to the first
of the wind statistic. Finally, we consider as last indicator thgysroach, the second one does not include correlations
variableEy which is defined as: between wind and load profiles because it only considers wind
speed variations to generate the compact wind speed profile.

Ey = max E(t)- min E(t) (4)  Consequently, the second approach does not ensure to find the
t]0,At] t0,At] o . ) .
. most critical constraints on the storage device. This caam be
_ 3,8 ;3 posteriori done by sequentially shifting the obtained wind
where E(t) _,[(V (1)=<V=>)dr to[o, At] profile on its 10 days time window in compliance with the
0

eterministic load profile day to day repeated. The maximum

V2 being proportional to the power provided by the Wingt o :
turbine, Ey will be called “intermittent wind energy” in the orage energy quantifsS is computed for each phase shift

following. In fact, B, plays a similar role WithES in the and the highest value is returned (See Fig. 6). By this way, a

previous approach for the storage system value of 34.4kWh is obtained fd&S which is very close to
The global errore to be minimized with this Secondghzagk:/e\:/iultmg from the reference profile simulation (i.e.
approach can be expressed as: ) )-
TABLE Ill.  TARGETINDICATORS OF THE GENERATEDWIND
2 2 SPEEDPROFILE.
_ Vimax = Vmax ref Vimin = Vimin ref
&= + + Compact  Reference Error (%)
Vimax ref Vimin ref (5) profile profile °
3 3 2 2 Vimax (M/s) 25.1 25.9 3.58
<V >-<V >ref + EV_E\/ ref te me(m/s) 0 0 0
stat
<V3> g BV ref P> (nffs’)  876.4 871.4 057

Ev (nP/S) 3.7 3.716 0.44




. . TABLE IV. RESULTSOBTAINED FORA 7KW WIND TURBINE.
0 “
3 20 £ 2 Reference profile Method 1 for  Method 2 for
2 10 210 of 200 days 10 days 10 days
2 2
S 53 Pgarmax (KW) 26.3 26.3 26.3
0 0 PBATMIN (kW) —588 _583 _583
350 2 4 6 8 10 0 2 4 6 8 10 ES (kwh) 46.9 46.2 46.8
g 30 s TABLE V. RESULTSOBTAINED FORA 8kW WIND TURBINE.
x =4
2 20 2 20 Reference Profile of Method 1 Method 2
g 10 g 200 days for 10 days  for 10 days
0 0 Pearmax (KW) 30 30 30
0 2 4 6 8 10 0 2 4 6 8 10 Paarvi (KW) -5.88 -5.82 -5.2
s s ES (kwh) 32.36 324 34.4
% 5 _—;‘f, 5 TABLE VL. RESULTSOBTAINED FORA 9.5<W WIND TURBINE.
© ©
é D—lo_ Reference profile Method 1  Method 2 for 10
0 of 200 days for 10 days days
0 o 2 4 6 8 1IC
Q 2 4 6 8 10 Paatmax (KW) 34.8 34.8 34.8
- Peammin (KW) -5.82 -5.82 -5.82
£-10 g0 ES (KWh) 26.14 28.9 28
E 220 < -20
o 3 IV.  CONCLUSION
-30 -30 . .
In this paper, two different approaches have been

0 2 4 6 8 10 0 2 4 6 8 10

time(days) developed for qom_pacting V\_/ind speed pr_ofiles. _These
approaches consist in generating compact wind profiles by
Before shifting After shifting aggregating elementary parameterized segments in order to
Figure 6. lllustration of the phase shift of the wind profile (generated withfulfil target indicators representing the features of a reference
the second method) on the battery sizing. wind profile of larger duration. The inverse problem involving
C. Validation of the previous results for variouswind the determination of the segment parameters is solved with an
' S evolutionary algorithm. It is shown that both approaches are
turbine sizes able to represent the main features of the reference profile in
In order to validate the effectiveness of the previousrms of wind farm potential and are also relevant for
approaches, the compact wind profiles obtained in batbaluating the critical conditions imposed to the battery
methods are used to estimate the battery sizing for Vari@u@rage (i.e. power and energy needs) in a hybrid wind turbine
wind turbines. Three wind turbines are considered wilystem. From these compacts profiles, subsequent reduction of
nominal power of 7 kW, 8 kW and 9.5 kW. Tables belowhe computation time should be obtained in the context of the

time(days)

summarize the results obtained for the battery sizing variabigsimization process of such systems.

(i.e. Peatmax, Psarvin @and ES) for each wind turbine sizing
with the reference profile of 200 days duration and with the
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