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ABSTRACT

Last years have testified a considerable growth of
microgeneration (4G). This tendency is expected to
continuein coming years, making 4G a key contributor to
the reduction of conventional electricity supply and fuel
imports, reduction of carbon emissions and sustainable
energy growth. In several countries, the amount of G
energy production isalready significant when compared to
others sources, which meansthat it must be considered in
operation planning, dispatch procedure and market
settlement. This paper describesthe methodology adopted
for deriving the solar and wind 4G profiles. Results were
adopted by the Portuguese regulatory entity for market
use.

INTRODUCTION

Under the present world macroeconomic framework,

several countries are trying to reduce their depeag of

imported oil. At the same time, the concern with

environment and climate changes is compelling #aech
for alternative clean energy sources. MicrogenendfiG)
can make a significant contribution to work out sihe
challenges.

Several countries are encouraging a mass markstrialt-
scale renewables. Germany has invested about €ibH bi

in photovoltaic technology and Sweden has created

significant incentives for consumers to install theamps
[1]. A report, commissioned by the British Departinfor
Business, Energy and Regulatory Reform, says witt,

proper incentives, the potentialig® may be developed to

generate in a year as much as five nuclear pow#oiss

[1]. Some USA States have imposed that a certain

percentage of utilities power generation be fronereable
sources. Transferrable “renewable source energdity

are needed by power companies to meet this regeirem

As a result, utilities subsidize a part of the cos$t
renewable source microgeneration projects in gexivice
areas [2]

In the first National Energy Efficiency Action Pkn

(NEEAP) by 2008, the Portuguese Government staeed t

goal of achieving 165 MW qfG installed capacity by the
year of 2015 [3]. The NEEAP includes several inest
to uG dissemination, namely a very attractive taritfioa.
Most European countries are also implementjn@

promotion policies, making the necessary legistativ

changes needed to overcome the current barrieegjrg a
favorable regulatory environment [3]-[9]. Clauderihags
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The adopted incentives policy is expected to stiteuthe
UG growth to noticeable levels, which means thét
contribution to the total power production mustthken
into consideration in operation planning, dispatmltines
and market procedures.

According to the Portuguese regulation laws thdilpm
are to be applied to all mini and micro-produceithout a
measurement device with production recording iBraih
base or for which the meter reading is not madiy.dEle
distribution network operators that collect ddilgG data
on a 15 min basis are not required to ap@yprofiles.uG
profiles are needed because distribution netwoekatprs
exclusively in LV must send their production datate
distribution network operators in upper levels (Myid
HV) and also to the incumbent energy provider. Bes;
considering the expecteds growth in the next years, the
amount of energy production from these sources lvell
substantial, meaning thaG profiles should be considered
in dispatch scheduling. Another important applizatof
these profiles is in the area of network analysisl a
planning. In fact, the inclusion QfG sources modifies
networks power flows, potentiating loss reductiard a
postponing of investments in lines reinforcement.

This paper describes the methodology adopted forinig
the solar and windG profiles in Portugal. Above 95% of
MG units are solar photovoltaic type. Win@ units are the
second group with a percentage slightly below 4%er&
are also some cases of hydro and combined cycliaéyt
represent less than 0.5% of the total.

This work was developed under the framework of a

contract with EDP Distribution - Portuguese disitibn
system operator (DSO) - and the result was apprioy#ue
Regulatory Authority that adopted the proposedileofor
market use.

METHODOLOGY

The basic approach consists of analysing a sanfipl&o
production diagrams, aiming at establishing adexquat
profiles. These profiles do not depend on the tgpe
weekday, contrasting with the case of load profidsere
major differences are verified between workdaytyr@ays
and Sundays. Hence, the determinatiop®@frofiles may
be summarised to the derivation of 12 represemt&tdh
diagrams, one for each day of each month.
In order to obtain more robust solutions and toasck
profiles representativeness, the process includesral
information sources:

1. Sample ofuG solar and wind production, on a

15 min time base, during 12 months, spread all
over the country;

. Sample of wind and solar production of the
main Portuguese wind parks and solar stations.
This data was mainly used for comparison
purposes and also for wind pattern completion —

MEP (Member of the European Parliament) affirmg tha
“microgeneration must help the EU to move from 826 2
a 30% target for renewable energy by 2020” [10].
“Microgeneration” and “improving energy awarenes$s o
consumers” became the new priorities for the Euaape
Parliament’s Subgroup Energy and Industry [5].
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Besides wind typical fluctuated behaviour, wind
UG sample was not too extensive;

3. Monthly totaluG production aggregated by
technology, in the last 12 months;

4. Estimation ofuG production growth. This is a
very important factor because of the boom effect
(the total installed power was expected to triple
during 2010).

The first step of the methodology consists of datalysis
and filtering, to deal with information gaps andogmeous
records. The next step includes the computatiavefage
24h production diagrams, for each month apG
technology. Then, diagrams scedeadapted according to
the expecteduG growth factor — the result is a set of
reference diagrams. Finally, the annu@lprofiles are built
by replicating the reference diagram for each dathe
month.
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Figure 1 — SolaruG reference diagrams
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Figure 2 — Growth estimation ofuG installed power
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Figure 3 — SolaruG reference diagrams after
application of the uG growth factor for 2010
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Fig. 1 shows the average production diagrams ostar
case. The expecteds growth is illustrated in Fig.2, where
black squares represent the real data availaltledime
the study was performed. The blue line represémt st
order polynomial tendency (poly3) — a conservadipton
triggered by the Portuguese economy situation &ed t
uncertainties regarding future remunerationu@. The
solar reference diagrams shown in Fig.3 are obdalnye
combining this growth tendency with the averaggdims
of Fig.1.

These diagrams are then used to build the annlzal .88
profiles. The week profiles for August and Deceminer
shown in Fig.4. These curves were directly drawmfthe
approveduG profiles [12]. Naturally, the solar production
follows the sun daily and annual cycles. Note thedic
reference diagrams in Fig.1 are normalized to ainmama

of 1, while the annual profiles, as usual, are radizad so
that the sum of 15 min records totalizes 1000.
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Figure 4 — Solar profiles for March and August (wek
portrait)

S 1.0 - H PVGIS
2

S o3 - B Sample
3

5 06 -

T

g o4

g 02 -

S

2 00 -

c o) = = > c =5 oY) Q + > [S]
T 223832283828

Figure 5 — Variation of the uG solar production with
the month

Fig.5 compares the normalized energy productiozach
month of the year. The red bars respect to the r&al
production — based on the sample records in the gfea
2009 and on the information on monthly totaG
production aggregated by technology. The blue ones
correspond to an estimation based on the averdge so
radiation since 1981 to 2008 [11]. The comparisetwben
the two cases shows that slight differences mayrdeom
year to year in the monthly production. Still, omay
conclude that April production is smaller than Masc in
Portugal, April is usually a very rainy month, éstresult

is a kind of confirmation of this known fact. THigure
also shows that comparison between May and Junage/e
productions are quite similar.
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Figure 6 — Wind uG reference diagrams
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Figure 7 — Wind profiles for January, May and Decerber (week portrait)

A similar approach was used for the case of wil
profiles. In this case, the computation of the nefiee
diagrams was based not only on wijr@ data but also on
the data concerning the production of Portuguese wi
parks in the years 2007-09. This option is judifiyy the
typical fluctuation on wind production and also &ese of
the limited number of winglG samples available at the
occasion (about 20). The final wind average diagram
result from a weighted combination of averag&
production diagrams for each month and average pank
production for each month and year.

Fig.6 shows the winqiG reference diagrams and Fig.7
presents the week profiles for three different rhent

Table 1 — Equivalent hours (solar)

Region EH (h)
North 1598.f
Soutt 1837.¢

Another useful information provided by this studythe
number of equivalent hours (EH), given by the cprti
between the total energy produced in a year and the
installed power. In order to quantify the well-kmow
geographic differences — the Southern region dfu@at is
sunnier — the solarG units were divided into two groups
(North and South).

The average annual energy production and the awerag
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installed power are then computed for each groapldl
shows the value of EH obtained for each case.

This result is quite useful because it allows talewus of
the expected energy production. For instance, aditage
consumer that intends to settle a spl@rwith 3.68 kW of
installed power may expect an annual energy praoztuot
about 5.88 MWh if it is in the Northern region oi76
MWh if in the South.

A similar analysis was performed for wipé, although in
this case thpG units were geographically divided into two
groups: Shore and Interior. Table 2 compares the
equivalent hours obtained for the two groups.

Table 2 — Equivalent hours (wind)

Region EH (h)
Shore 697.¢
Interior 538.:

Contrary to the solar case for which the producii®n
noticeably uniform, the wind EH depends a lot oa th
specific characteristics of the location: in thisrgple, it
varies from 250 h to 1530 h. These values arerrathall
compared to wind parks which present an average of
2182.8 h, varying from 1235.9 h to 2699.6 h. Besitle
number of equivalent hours for wips is also small when
compared to the solaG.
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CONCLUSIONS

This article describes the methodology adoptetdidding
solar and wind microgeneration profiles for market
settlement purposes.

The pG profiles were for the first time approved by the
regulator in the directive nr 1/2012 [12]. Thisetitive
states that these profiles are to be applied ftar $8V
installations, as this technology is clearly domind-or all
the other cases, it is assumed that the produetititin
each tariff period is uniformly distributed by #ik 15 min
periods.

As referred beforqyG profiles are actually used in market
procedures. According to [13], the distributionwaitk
operators that collect daily the&s data on a 15 min basis
are not required to apppyG profiles. However, nowadays
the data collection on a 15 min base is still espean and
can hardly be justified for the typical amounts pb
production. Thus, generally DSO does not utilizés th
measurement hypothesisjo@ installations, preferring the
cheaper choice of profile application.

Given the expectedG production growth in the next years,
WG profiles should also be considered in dispatch
scheduling.

These profiles should also be included in netwodkiysis
and planning, particularly in the case of systentd &
considerable penetration p6 production.

Finally, as a complementary result of the profiles
derivation, the present study provided interestiegults
about wind and solar microgeneration potential lig t
country in terms of equivalent hours, providingreates
on annual energy production according to the locati
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