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Abstract— This article investigates the use of standard
workload chart factors of the Estonian Utility Grid to
determine the optimal design of a Wind and PV hybdl
system design for a small consumer. Different natua
conditions are considered for the designs and real
measured consumer data was used to control the dess.
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|. INTRODUCTION

Raising energy prices, public awareness, avaitgbibif
technologies and subsidies is causing the usagenefvable
energy sources to become more feasible. Renewaklgye
solutions are commonly distributed geographically.the
concept of distributed energy solutions the locahagation
and demand should be in balance and thereforgitferable Fig. 1. Standard monthly proportions of annualseonption [1].
to consume as much energy as possible on-sitepiidi#em
with the planning of a micro generation solutiomene the
producer should have the best conformity with thescimer,
is not only that the total consumption is requirgds also P j=Wa Fm, -Fh ., (1)
necessary to know the specific characteristics loé t " . v
consumption distribution in time. This hourly consation
data is often not available. P — The average consumption power of the i-th hour of

The hourly consumption distribution factors [1][2] ""  the j-th month, kW;

(standard workload factors) that are used by p@eemanies \wg  _ the annual energy consumpi, kWh/a
to estimate the characteristics of consumers tbatad have - . .
hour-based remote reading systems, could be usedh® F _th? consumption factor of the j-th month in aryea
basis of those factors, that reflect the amounelettricity [11

consumed by the customer in each calendar montthdy Fh — the hourly consumption factor of the i-th hour of
hour, the data for the design of renewable eneajytiens " the j-th month [4].

could be derived. The necessary parameter to kiso#e  ap gne week long fragment of the results that regnéthe
annual electricity demand from where the probableies of consumption can be seen on Fig. 2.

each of the 8760 hours in a year could be calallate

Share of annual consumption (%o)
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To calculate the hourly consumption estimated bg th
standard workloads, the following equation was used

where:

Unlike other commodities, electricity cannot be retb 0.8
efficiently. Therefore, delicate balance must beintaéned 0,7
between the generation and consumption for 876Gshau _ 0.6
year [3]. To restrain fluctuations the optimal combietiof § 0.5 -
wind and solar applications should be used tozetiheir 5 0.4 -
compensating property to each other and a certapuat of £ 0.3
batteries should be added to the system. 0,2
0,1
Il. MATERIAL AND METHODS 0
A. Consumer Time (d)

The definition .Of a small Consumer in this caseais Fig. 2. Calculated winter week load curve on tlesi® of the standard
household or business that has a main fuse of 83ése, has consymer chart factors.
no electrical heating and a maximal annual consiompaf ] )
4000 kWh or less [1]. From this definiton the masi  AS can be seen from Fig. 2, the workload graphmisather
annual consumtion value is used in the simulatigris. The than the characteristic of a real consumer. Fomgia the

assumed monthly consumption distribution can ben sse Peak loads of a real household consumer (Fig.r8)higher
Fig 1. than 0,7 kW and the consumption is more fluctuating
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Measured winter week load curve of a 48Ublka household
electricity consumer.

Fig. 3.

The relative smoothness of the standard workloaphgr
(Fig. 2) in comparison to the real consumers’ laanve

(Fig3) is due to the usage of averaged data far tt

compilation of the factors and because of the fhat the

> A‘ : ) b
power companies take into account the consumptic% |

simultaneity factors.
B. System Design

A grid-connected integrated renewable system ctingis
of a consumer, wind generators, PV panels, a DGr&€rter
and batteries was simulated for the synthetic cmesu
described in the previous chapter. The results wen¢rolled
by implementing the same calculations with the data real
measured consumer.

The generation and storage units have DC outputsae:
connected to the load and grid by converter asbeaseen in
Fig. 4.
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Fig. 4. Simulation setup diagram [5].

To determine the optimal design of a Wind and PYsrity
system design for a small consumer the wind geoerid
solar array nominal capacities were analyzed with W
step. The goal of the system design is to acievepimal
energy balance, ignoring financial aspects [5]. ghatraint
was set to produce at least 80% of renevable erierglye
total energy balance. The missing share is obtafreed the
grid. Another assumption was to have at least 1ridminal

charge SOC = 40% and the capacity of 200 Ah ard ase
storage devices. The total battery capacity of system is
chosen to be 9,6 kWh in the calculations. Batteides

connected to strings by 24 pieces, with 48 V outmitages

in total [7].

C. Wind Resource
In the simulations the average the wind speedksr as

the main variable to estimate different hybrid eystsetups
for consumers in different locations.
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Fig. 5. Average Wind speeds in Estonia [8].

In Estonia the yearly average wind speeds (Figrabpe
from 2,7 m/s to 6,6 m/s [8]. To determine the systiesings
for the different wind conditions the data was sdalo
different annual averages with a step of 1 m/s.the
calculations average wind speed steps were coesider
ranging from 2 m/s to 7 m/s. The wind speed dagal uis the
modeling process was measured in Toravere in 20ig0 §).
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Fig. 6. Hourly wind speed data in location Téraye010 [9].
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The power curve (2) of the normalized wind gener&o
averaged from several wind turbines that are matilde for
mild wind conditions. It should also be noted thats
normalized power curve has the following limiteis:the
wind speed/<2.5 m/sP = 0 kW and whewv > 12 mis, P =1
kW. The wind generator power curve is the followiag]f

capacity of both energy generation technologiesis Tty — hourly averaged wind speed, m/s;
constraint was made to enable the analysis of tRe- output power, KW.

compensating property of each resource to the other
Batteries were considered in the system to use ofaste
on-site generated
batteries generates also more disorders in the math
Sealed deep-cycle lead-acid batteries with ministate of

renewable energy. A system with

P=0.0078v*-0.0229v+0.00866022, (2)
where:
D. Solar Resource
The annual solar irradiation does not differ much

?Hroughout Estonia, the annual actinometrical resmican

vary up to 5,5% (890 kWhfita to 990 kWh/rfla) [13]
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Therefore the same solar irradiation data was densd for
all of the system setups utilized for evaluating thfluence
of wind speeds. The irradiation data from a locatiath a
moderate value (TOravere) was chosen. The irradiais
typically better in locations where also the wingesd is
greater and vice versa, so as the critical pararnsetaken the
average wind speed that has a greater varietyeibahders of
the country. There is a positive correlation indB& between
the average wind speeds and the solar conditibissjg due
the proximity of the coast [13].
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Fig.7. Solar irradiation data in T6éravere 2010 [9]

As the solar panel inclination was taken 45 degmeethe
basis of a Canadian case study in a similar laitad in
Estonia [14].

To calculate the output of the PV panel the follogvi

It is prefered to utilize maximally the locally mhaced
renewable energy by the consumer itself. The hettesre
installed to balance the dicrepancies of productamd
consumption. In time steps when the state of chafgee
batteries is not suitable to receive or deliver rgnethe
system feeds the excess to the main grid or obthédeficit
from it. The share of renewable energy (renewalaetibn)
from the total amount of energy obtained is calmdaby
using the following formula [6]:

Wy +Wy
fron = , 4)
WGp +Wpy, +W(y,

where:
fren — Renewable fraction, %;
W — energy received by the consumer from PV

PV arrays, kWhlyear;
W — energy received by the consumer from wind

w generators, kWh/year;
Wop — energy purchased from grid, kWh/year.

The energy balance of a hybrid system given in &ig.the
following [6]:

Wy +Wpy +Wgp =W +Wg + W, +Wg; (5)

) where
equation was used [6],GT We — energy consumption by consumer, kWh/year;
P, =Ys fpv—[1+ a(T—T, ST()], (3) Ws  —energy losses in batteries, kWhlyear;
G‘f,STC W, — energy losses in the inverter, kWh/year;
where Wt — energy fed to the grid, kWh/year.
Y — the rated capacity of the PV array, power output
PV under standard test conditions, kW, I1l. RESULTS ANDDISCUSSIONS
fpyv — the PV degrading factor, %; _
— the solar irradiation incident on the PV array in The system _de5|gns th‘?‘t are calculated on the bashe
Gr : m natural conditions described above can be seentHer
the current time step, kW, ) .
o o » standard load curve in Table | and for the realscomer in
Gssre the Inrcr:zdem radiation at standard test condition  yape |1. By comparing the tables can be seen ttimfound
1 kWinf, designs are the same under the respective corglitionthe
ap — the temperature coefficient of power, %/°C; renewable fraction is up to 1,5% lower with thel @msumer.
T, — PV cell temperature in the time step, °C; That shows that the greater diurnal fluctuationsehan
influence on the system performance but it is imicant.
. .~ The battery bank contributes to leveling of the ra
Teste  — PV cell temperature under test conditions, 25°C. fiyctuations and reduces the energy exchange withgtid.
TABLE |
SYSTEM STRUCTURES ON THEBASIS OFSYNTHETIC CONSUMERDATA
) . . Renewable
Avgr-age Wind generator Photovoltaic array Grid fraction
wm(mz))ee Capacity Annual energy Capacity Annual energy | Annual energy | Excess supplied o %
(kW) production (kWh) (kW) production (kWh)| obtained (kWh) grid (kwh) 0
2 1 171 7 5938 1406 3042 81.3
3 4 2337 3 2545 1162 1560 80.8
4 3 4123 2 1697 944 2253 86.0
5 2 4519 1 848 951 1829 85.0
6 2 6122 1 848 549 2962 92.7
7 1 3675 1 848 710 723 86.4
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TABLE II
SYSTEM STRUCTURES ON THEBASIS OFREAL CONSUMERDATA

Average Wind generator Photovoltaic array Grid Rfer ggg\ga:]ble
win(crjn/sgeeu Capacity Annua_l energy Capacity Annuql energy Ann_ual energy Excegs supplied fo %
(kw) production (kWh) (kw) production (kWh)| obtained (kwh) grid (kwWh)
2 1 171 7 5938 1481 3151 80.5
3 4 2337 3 2545 1238 1915 80.6
4 3 4123 2 1697 1063 2395 84.6
5 2 4519 1 848 1056 1949 83.6
6 2 6122 1 848 636 3042 91.6
7 1 3675 1 848 802 799 84.9

The influence of the consumer chart deviation aatiely
bank capacity can be found in [7]. It has to besaered that
in cases where the real consumer load is extrefiugipating
the optimal system design can differ from the desesulting
from the synthetic data. One indicator for thistigt the grid
purchases and excess electricity shares are biggehe
simulations with the data of the real consumer bseaf the
more frequent and extensive fluctuations in thesoomption.

For the specific location where the weather daigirmates
a system with a 4 kW wind turbine and a 3 kW phottaic
array was found as the most suitable solutiontiw kind of

In unfavorable weather conditions the share of sxce
electricity raises because if it is desired to cothee same
annual consumption then more capacity needs todialled.
This greater capacity in turn creates for shortetiperiods
more production, a part of this cannot be consuarexiored.
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renewable micro producer in Estonia is 11kW, beeaighe
3x16A main circuit breaker that is set as threshmdgdacity
for small private producers to connect to the gwith
simplified requirements[15]. For the consumer ty@adled
in this article this capacity is more than needed.

Since this type of consumer load curve is also iegple
for apartment buildings and the individual flatstirem [1],

this approach could be used when establishing Emeg]

Cooperatives. Whereby the respective capacitiestiomeud
above could be multiplied with the number of indival
consumers to get an estimation how much instaligzhcity
such a cooperative would need to be self-sufficient

The methodology could find use in cases where the

renewable energy solution is designed together plahning
of a new building and therefore no real data islalke.

IV. CONCLUSIONS

The standard workload graphs where used to estimate

hybrid energy system design. A consumer with theuah
power consumption of 4000 kWh was used for anady$ire
system. The unit consumer chart was created by itdmgb
daily and monthly shares that are representant tfier
household and small business consumers in Estbiéamost
representative wind and solar data was used toe fitie
needed nominal capacities to cover the energy déman

Control calculations where made with a real meabur

consumer. Though the real consumer is more fluictgidhan
the consumption estimated with the standard wodkigraph,
the proposed system designs are in the analysezh ¢he
same. The methology used in this research candzkfasthe
development of real wind-PV systems connected eogittid.
The most changing variable for these applicationdifferent
locations in the borders of Estonia is the avenaiye speed.
The optimal nominal power of the energy producesslfi are
dependent on the location of the system becausevite
conditions differ strongly in the borders of Estni
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