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Market, feed-in generation, prices ensures that all the generated electricity is decem
the networks while NRG bids on the pool market and
Abstract it may eventually not operate.

Power industry has been deeply restructured inntecélthough not subjected to a market bid based digpat
decades. Along this period vertically integratethe forecasted SRG generation is taken into acdoynt
structures evolved to more disaggregated models the Market Operator when building the aggregated
which some activites are now provided undegelling curves for the next day. In fact, SRG gatien
competition as generation and retailing while sonstipplies demand and it is obvious that more SRG
others are provided under regulated monopolies g&neration means that less demand is availableeto b
network transmission and distribution. Simultandpus supplied by NRG. In order to consider the SRG & th
most countries started to encourage the use ofvadrle market curves, for each hour of the next day a peoe
sources, namely to cope with environmental issigs esegment is included in the aggregated selling cthvue

to enlarge the energy independency. Having in mimghforcing its dispatch [1]. On the other hand, udahg
these ideas and given the development of the Iberihese zero price segments corresponds to shifheo t
Electricity Market and the increase of the insthlleright the selling curve that includes the bids frbiRG
capacity in units paid by feed-in tariffs, it becssn thus contributing to lower the final market price.
important to estimate the impact of this feed-in

generation in the market prices. This paper dessribe The impact of SRG in the pool prices was estimated
approach that was developed to estimate this ingatt considering several scenarios in which we assumae th
the implemented software application. This appigsat Zero price segments associated to specific SRG
was then used to evaluate the impact on pricesllontgchnologies are eliminated from the clearing pssce
trading hours of 2013 of the Portuguese photowoltdhat is, from the market curves provided by the Réar
generation, the Portuguese wind generation, all tR@erator. After doing this, the market price forclea
Portuguese feed-in generation and also all theidberhour is computed again assuming that the demarne cur

feed-in generation. remained unchanged. In order to automate these
calculations it was developed an application in VBA
1 Introduction (Visual Basic for Applications) that uses the data about

the buying and selling bids taken from the Iberian

The increasing share of feed-in generation in théarket Operator webpage, builds the market curves,
generation mix of Portugal and Spain makes gliminates the SRG selected by the user and rdasdsu
important to evaluate the impact of the presencthief the market price for the period under analysis.sThi
type of generation in the prices of the IberiancEleity ~application was used to estimate the impact of SRG
Market, MIBEL. In Portugal, Special Regimethe hourly prices along 2013 considering four stesa
Generation, SRG, includes wind, photovoltaic, cavithout Portuguese photovoltaic generation, without
generation, biomass as well as small hydros till Rprtuguese wind generation, without all Portuguese
MVA of installed capacity. SRG differs from NormalSRG generation and without all Portuguese and Spani
Regime Generation, NRG, in what concerns tHgRG. This research was developed in the scopeeof th
remuneration and the dispatch. SRG is paid by fleedMSc Thesis prepared by the first author and sulerhitt
tariffs that depend on the technologies in the s¢hat and approved at the Faculdade de Engenharia da
these tariffs include a so called environmentahtéat Universidade do Porto by March 2015 [2].

is technology dependent. Differently, NRG estaldsh ] . . .

bilateral contracts or bids on MIBEL day-ahead rearkAccording to these ideas, this paper is structuaed
being paid at the pool market prices. NRG inclualiés foIIovv_s. After this InFroductlon, Section 2 provil@n
more traditional power stations as coal and natgaasl Overview on the trading platforms of MIBEL as wa8
stations as well as large hydros. Apart from tHfe) the Portuguese generation system and on the

remuneration, there is another important distimctievolution of market prices in recent years, Secton
details the algorithm that was implemented to emstitm
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the mentioned impact of different SRG technologies which 20% from wind parks). It is important to roai

the market prices and Section 4 presents the sethat that these values do not include the generatiom fro
were obtained for a particular day of 2013, foresal/ large hydro stations. If these stations are comsdje
months of 2013 as well as for the entire year. IBina then in 2013 60% of the Portuguese demand was

Section 5 draws the most relevant conclusions. supplied by renewables, 20% by coal stations afd 15
by CCGT stations while the remaining 5% were
2 lIberian Electricity Market - MIBEL imports.

The restructuring of electricity industry in Eura@pe As its legal designation suggests, the huge capacit
countries originated the development of severdbreyy increase of Special Regime Generation, SRG, is
markets. In this scope, the Iberian Electricity kr certainly due to the particular rules that wereped to
was created in 2007 involving Portugal and Spathian pay the generation from these units. In Portugalffitist
includes two trading operators - the OMIHegislation to frame the operation of these unitsw
corresponding to an entity that is physically lechatn passed in 1988 and it currently corresponds tced-fie
Spain and that manages the day ahead and theaptragechanism in which the final price depends on aeaid
markets and the OMIP, physically located in Portugsnvestment and operation costs and on an envirotahen
and in charge of longer term trades and financitgichnology dependent term. The avoided investment
mechanisms [3]. and operation costs are obtained regarding the
traditional thermal units that are not necessarpuid
The daily market operates in terms of a symmetnd aand operate, CCGT in this case. Finally, the
volunteer day-ahead mechanism that admits botimgellenvironmental term prizes cleaner or still less urat
and buying bids. The trading period is 1 hour aglting technologies. As a result, the average price maigind
entities can submit simple bids in terms of paifsarks is currently close to 80 €/MWh and is abo08 2
(available quantity; minimum selling price) as wak €/MWh to small photovoltaic units. In Spain SRG
complexity conditions, namely increasing and desirgp generation can opt between a regulated feed-iff tari
ramps and a minimum revenue to be obtained alo®g thceiving the market price plus a prize that cqoesls
trading day. The minimum selling price should be ndo a percentage of a regulated reference value.
negative and the maximum buying price is limited to
180,00 €/MWh. For each trading hour of the next,dayhe impact of such large volumes of SRG generagon
the market operator builds the aggregated sellimgy avery important, namely considering that the average
buying curves and obtains the cleared quantity taed price in the day ahead market common to Portugdl an
market price in the intersection of these curveéril it Spain is typically below the feed in tariff levdts the
checks whether complexity conditions are valid #nd different SRG technologies, namely for wind. For
not it iterates the procedure introducing changethé example, Figure 1 shows the monthly evolution & th
initial schedule [4, 5]. In general, this correspgsrto average market price in Portugal and in Spain 820
eliminate selling bids associated with violated
constraints, as for instance the minimum revenli 2008, the average market price was 69,98 €/Mih i
requirement. This elimination means that cheapaityit Portugal and 64,43 €/MWh in Spain, suggesting that
cleared bids are not considered in the next itemaind Market splitting was frequent and that congestion
so the remaining aggregated curve is shifted tolgfie occurred in the direction from Spain to Portugal.
side determining a progressive price increase as th
clearing procedure develops.

s Q)

Apart from the day ahead trading platform, the ratirk
operator also manages an intraday market thatrtlyre
has 6 sessions as a way to adjust the selling yindpu
positions closer to the operation hour.

For the last twenty years several countries adopi

policies to induce investments in renewable germrat .

(namely wind parks, small hydros’s, photovoltaigisl o i i s & e
biomass units) and in non-renewable units as

cogeneration as a way to use more intensivelyg. 1. Monthly results of the Iberian Electricityarket
endogenous resources and to contribute to incri@sein 2008: dark blue - average price in Spain (€E/MWh)
energy independency. Among the most successfgtl — average price in Portugal (€/MWh); light blue
countries towards this objective, Portugal and Sparaded energy (GWh) (source OMIE web page).
increased this type of capacity to 6.500 MW out of

18.000 MW in Portugal and to 35.000 MW out ofn 2013 (see Figure 2), the average market prices
102.000 MW in Spain. Regarding the generation frodeclined to 43,37 €/ MWh in Portugal and to 44,26
these sources, in Portugal it corresponded to mevaE/MWh in Spain, that is 38% and 31% below the value
close to 40 % in 2012 (from which 25% from windf 2008 in the two countries. It is important totine
parks) while in Spain it reached 38% of the tofedrq that in 2013 the two average prices are much closer
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compared to 2008 suggesting that congestion was rar
(in fact it occurred in less of 15% of the hour2.3)

and that when market splitting was activated it wi
applied more frequently in the direction from Pggl
to Spain.

: ()

B o.V.casada 0.C. casada 0. venta 0. compra
Fig. 3. Aggregated selling and buying curves fog th

Iberian electricity market for hour 1 of March 12013
(source OMIE web page).

Figure 3 illustrates this impact showing the segllamd
buying curves for hour 1 of March 12 2013. At thaur
) ) ) the market price was 0,00 € MWh as a result of the
Fig. 2. Monthly results of the Iberian ElectricMarket intersection of the buying (blue) and selling (red)
in 2013: dark blue - average price in Spain (€/MWhgyrves. The 0,00 €/MWh selling bid segment amounts
red — average price in Portugal (€/MWh); orange tg 32.000 MWh resulting from about 7.000 MWh from
traded energy in MIBEL (GWh); light blue — tradeyyclear stations, 13.000 MWh from hydro stationd an
energy plus bilateral contracts (GWh) (source OMIE2 000 MWh from wind parks. If this 12.000 MWh
web page). segment was not present, then the selling curvddwou
) ) ) L be shifted to the left as illustrated by the bléiok and
Given the level of SRG feed in generation, it i8atl o, the market price would increase from 0,00 tougbo
that the presence of this generation has a strep@dt 3g oo /Mwh. This illustrates the impact of the SRG
on the final prices. Although not being paid theuftp o psidized generation in the market price and @ th
market price, SRG estimates are considered in G eqyle. Apart from the reduction of the marketeyr
market clgarlng of each hour of the next day bmal{ﬁ)nsidering the SRG 0,0 price segment in the sgllin
they contribute to balance the supply and the déiman e reduces the number of accepted bids fronmrier
practice, zero price segments are added to thegeld yenerators. Globally, the income obtained by thérma
curve corresponding to the estimated hourly SR&p;iions is reduced not only because the markee pri
generation. As a result, when SRG generation g;elargetS reduced but also because the number of hoeys t
the market prices decline and less traditional tiaér ;. dispatched also gets smaller. As a consequiiee,
generators are cleared. This ultimately means tthat ,mper of operation hours of combined cycle power
total number of hours these thermal generatorsad@er;,+ions (the marginal technology in most periois)

has been declining thus reducing their income. getting more and more reduced in recent years alyd 0

N | stati dispatched.
3 Estimation of the Impact of SRG Some coal stations are dispatehe

) ) Using this reasoning, we analysed the impact of SRG
As mentioned before, SRG generation must bRneration on the market prices during the entia pf

considered when building the aggregated hourly Btarko13 considering the following four cases:

curves in order to balance the global demand andi_1 Clearing process not considering the wind
generation. This is done including in the selling "~ 9gp 9

aggregated curve zero price segments with quaititie generation located in Portugal;

based on the estimates for each hour of the ngxfada ~ 1=2 Clearing process not considering the
the generation of each SRG technology. It is theeef photovoltaic generation located in Portugal;
clear that in periods in which SRG generation igéda i=3 Clearing process not considering all the SRG
the selling bid curve from other generation agemtd generation located in Portugal. This includes
technologies shifts to the right side and so theketa not only wind and photovoltaic, but also
price gets reduced. On the contrary, if for inséamind small hydros, cogeneration, biomass and
generation (the most relevant SRG) is small then th residue power stations;

corresponding zero price segment is less exterttied, ;-4 Clearing process not considering all the SRG
electricity price increases and more thermal sglbids generation from both Portugal and Spain.

are accepted. If a very windy period occurs togethe . . . .
with large hydro inflows (as it is typical in Novéer In order to estimate the Impact on the prices is wa
till March/April) then market prices have sharp kifees necessary to know the generation values for each of

: ese four cases for each hour of 2013. These yhourl
and can continuously be at 0,00 €/MWh for Sever%‘plues discriminated by SRG technology were pravide

hours as it occurred in March and April 2013. As ~ ~
example, in the ©of April 2013 the market prices Werzbyelfr?aik?jsmo da Producdo SA to whom the authors

less than 1,00 €/ MWh for 19 hours of that day, ary
during 13 of which the price was 0,00 €/ MWh.



Then, for a particular case i=1 to 4 and for aipaldr 5. once the above problem is solved for case i and

hour k of 2013 the next steps were followed: hour k, the dual variable of the power balance
1. in the first place, the data regarding the equation (4) corresponds to the new market
submitted and the accepted selling and buying clearing price since it cqrresponds to th_e impact

bids was downloaded from the web page of the on the objective function from changing the

Iberian Market Operator (www.omie.es). Let us demand by 1 unit. In a graphical way, this

also assume thakrgk is the SRG generation corresponds to draw the buying and selling

curves and obtain the intersection point to
define the cleared quantity and the market
price. However, for real sized problems, the
market price can be obtained using the dual
variable of the generation/demand balance
secondly, the total amount of power bid at 0,00 equation.

€/MWh at hour k was o_btalned adding all th'ﬁ1 order to enable analyzing a full year in an awted
power from ZE€ro price ,b'dS' Let us denote thWay it was implemented an application in VB¥igual
0,00 price power quantity &80 rotal ; Basic for Applications) that allows the user to select the
: . period under analysis and the simulation to perfarm
then, the selling bid 0fPogqrora at 0,00 terms of the SRG technology to analyse. The
€/MWh was eliminated from that dataapplication automatically assesses the Market Qpera
downloaded in 1. and substituted by a bid @jeb page and downloads the market data required for
0,00 €MWh with power given bythe analysis. Then, all data concerning the SRG
PoooTotak — Psraik - When building the new generation on the period under analysis is also
aggregated selling curve this means that teeitomatically obtained from the file provided by ED _
original selling curve is shifted to the left sid€>estdo da Producédo, SA. Once the data download is
by Rsrgik completed, the application begins to estimate the n
market price for each hour for the selected case, b
using the downloaded data and having in mirignoring the correspondent value of SRG generation.
the modification introduced in step 3 on thé&iven that 0,00 €/ MWh bids were eliminated, the
selling bids at 0,00 €/MWh, it is solved theclearing process requires accepting selling bids th
linear optimization problem given by (1-4) inwere not initially cleared so that the new markece
order to maximize the Social Welfare Functiorgorresponds once again to the intersection poirthef
SWF, as defined in [6]. This problem wasiggregated offer and demand curves. As soon as the
solved using thelinprog function of the application finishes running, all intermediate lesare

associated with case i for hour k. For instance,
for i=1 it corresponds to the first case, not
considering the generated power from wind
parks located in Portugal in hour k;

Optimization Toolbox oMatLab®. made available to the user, including all values an
graphs for every hour. The average prices are also
max z=NzDCd-Pd- —NzGCgi Pgi (1) calculated for the period under analysis, allowig
=1 SR global view on the estimated results.
i . max .
subj o 0=Pdj <P, @) 4 Resultsobtained for 2013
0<Pg <PgM& 3
=" ®) In this Section we will detail the results that wer
NZD Pd; =NZGP9_ ) obtained applying the approach detailed in Secida
== the year of 2013. In the first place, we will detie

results obtained for hour 11 of th& 8f April 2013 on

which the original market price was 1,00 € MWh. he

and selling prices,PdE“ax and pg™®* are the aggregated results will be presented for typicaiter
|

. ) .and summer months (January and July) and also for
maximum demand and generation b@ ( y Y)

quantities, pdj and Pg, are the demand and

In this formulationcd; and cg; are the buying

pril because this is typically a very windy morahd
in 2013 it was also a very rainy period. FinallgcBon
generation at the final solution andp and 4.5 presents aggregated average results for 2013.
Ng are the number of buying and selling bids.

The objective function Z in (1) is subjected td1 Results for the hour 11 of 9" of April 2013

limits on the demand (2) and on the generatidrhe original market price obtained by the market

(3) bids and to the demand / supply balan@aperator for the hour 11 of"%f April 2013 was 1,00

equation (4). In this simulation we did no€/MWh. Then, Table | presents the results that were

consider the selling bids that were removed lppbtained for the four analysed cases (without Rortse

the Market Operator along the iterative clearingind generation, without Portuguese PV generation,

process to check the complexity constraints, agthout all the Portuguese SRG generation and witho

described in the second paragraph of Section 3|l the Portuguese and Spanish SRG generation). It
should be noticed that when eliminating the Portsgu
PV generation, case i=2, the market price remained
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unchanged given the very reduced Portuguese Pable 2 Real and estimated prices (€/MWh) for dayu
generation at that hour (33,75 MWh). Not considgah 2013.

the Portuguese SRG generation lead to a priceasere
of 11,00 € MWh (from 1,00 to 12,00 €/ MWh) and asJanuary without without  without without
expected, the largest impact occurs when all Poesg 2013 Port. Port. all Port.  all MIBEL
and Spanish SRG generation is not considered.i$n th wind PV SRG SRG

gﬁmﬁhe market price increases from 1,00 to 60,06plrice price price price price

48,34 56,50 48,39 64,10 95,85

Table 1. Real and estimated prices (€/MWh) forrHdu
of the &' of April 2013 43 Results for April 2013

hour without - without - without without In April 2013 the average market price was 16,01

11 Port. Port. all Port.  all MIBEL . . .

wind PV SRG SRG €/MWh. This value almost dpubled not conS|der|_ng all
_ _ _ _ _ the Portuguese SRG generation and more than tripkes
price price price price price. considering all the Portuguese and Spanish SRGe Bab
1.00 10,00 1.00 12.00 60,06 presents the average prices that were obtained_ﬂs)r
month. It should be noticed that the average matie¢
. . . in April reduces regarding the value in January
In a graphical way, the evaluation of the impacs8G ey ction from 48,34 to 16,01 €/MWh) confirmingeth

on the market price is illustrated in F_igure 4. Tree larger presence of wind SRG generation modeledhéy t
curve represents the aggregated buying curve a&d R, price segments in the clearing process, audthe

blue curve is the aggregated buying curve shiftethé intensive use of hvdro stations

left side by an ammount that corresponds to the SIJQCE Ve 4 ons.

generation associated with the case i=1..4 undefple 3 Real and estimated prices (E/MWh) for Apri
analysis. In this case, this Figure is associatitd ase 5013,

i=4 and so the original selling curve was shiftedtte

left by 22.983 MWh corresponding to all the Porteisg _ without _ without _ without __ without
and Spanish SRG generation at this hour. Therefioge, ~ April Port. Port.  all Port.  all MIBEL
market price increased from 1,00 €MWh to 60,06 2013 wind PV SRG SRG
€/MWh as indicated before.
price price price price Price
Hour 11 of April 9, 2013 - Without all MIBEL SG 16,01 22,00 16,16 29,26 52,09
e 4.4 Results for July 2013

100

Price (€/MWh)

—" Table 4 presents the results for July 2013. Theaghpf
” """ not considering the Portuguese wind generatiorois n
3200 20000 10000 O 10000 20000 30000 40000 50000 much smaller because July is typically not a windy
ErermY) month. Although the number of insulation hours ischn
larger in July, the impact of the Portuguese PV
eneration remains very reduced because in 201B\the

Fig. 4. Aggregated selling and buying curves fog t

case i=4 for hour 11 of April 9, 2013. [2] installed capacity was still reduced.
4.2 Results for January 2013 Table 4 Real and estimated prices (€/MWh) for July
2013.

Table 2 presents the monthly average prices olutdare
January 2013. The real average price was 4&/8¥Vh . : : .
and this value remained almost unchanged when notjyly without  without  without  without
considering the Portuguese PV generation, not day 2013 Port. Port.  all Port. all MIBEL
to the reduced installed capacity (about 250 MVEs le wind PV SRG SRG
than 1,5% of the installed capacity in the country} price price price price price
also because of the reduced number of insulatiamsho
in January. The larger impact occurred again feedéad 51,30 53,12 51,41 55,55 79,31
when not considering all the Portuguese and Spanish
SRG generation given that the average market pee 4.5 Average results for 2013
from 48,34 €/MWh to 95,85MWh, which almost Once all the scenarios were analysed for every bbur
corresponds to its duplication. 2013, it was possible to compute the average yearly
market prices as detailed in Table 5.




Table 5 Real and estimated average prices (€/M@rh) generation agents. As a whole, we estimated that no

2013. considering SRG generation from both Portugal and

Spain would increase the average price in 2013 from
without ~ without  without  without 43,37 €/MWh to 82,63 €/ MWh. The presence of SRG

2013 Port. Port.  allPort. allMIBEL  reduces the market price and the number of operatio
wind PV SRG SRG hours of units using traditional thermal technoésgi

strongly contributing to reduce the revenues ofs¢he

units. This impact should be carefully evaluated to

4337 4913 4353 54,11 82.63 check if in Fhe long term this does not risk theusey

of supply given the volatile nature of the resoarused

by several SRG units.

price price price price price
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