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Overview

Traditionally the optimum setup for grid-connectMd installations has been understood as to beeatkfiy the
tilt and azimuth angle that would maximize the afistion’s annual electricity output. This understang was
fostered by previously high PV system prices amdl fim tariffs that would reward PV electricity geaton
indiscriminately, i.e. without differentiating thariffs according to demand and thus the true vafube
electricity at the time of generation. However, 8)étem prices have fallen tremendously in receatsyeand in
regions of high PV electricity shares the focus ¢fzenged towards grid integration issues and maffkedtts.
As pointed out in previous studies, the chosemtaitéon and especially tilt angle of PV systemsldou
potentially be influenced by policy makers to regelnticular goals (Weissenbacher 2012, 2013). Lethan-
optimum tilt angles decrease annual electricitypatiby single percentage points only, while inciregshe
yearly output per area occupied by the system lplkéadigit percentage points (as spacing requirésrten
avoid cross-shading are reduced). Such strategidvilous increase the renewable energy share thdtea
achieved in a given area, which would for instalpeeelevant in insular or urban settings, or gdhera
wherever population densities are high and elégtrieneration close to the point of consumptiodesired. In
addition, lower panel angles shift output towandsisier months, which may well be beneficial in warm
climates where summer load peaks due to coolingiregents fully or nearly coincide with PV peak muit
thus potentially reducing the high generation castociated with meeting such peak demand throasgil f
electricity. The purpose of this study is to furthevestigate and quantify the effects of variatadiPV setups in
this context.

M ethods

We analyzed the readings from about 900 residesigatricity meters in a single Maltese villagee$a 15-
minute readings for the year 2013 were used tae@aesidential standard load profile that wasmamed to
the overall national load profile for 2013 that waade available in one-hour increments. We compired
overall and domestic load profiles to real generatlata of PV installation during 2013. In turn theput of
PV installations with varying tilt and orientatiamgles was modeled, and the model outcome compared
actual PV output for available tilt and orientattettings. We are modeling PV output curves foiousr setups
to compare them to the demand profile to estimdtietwcombination of tilt and orientation variety,vehich
overall capacity, would best match the demand lerofihe results are then associated with estintdtes
available residential and industrial rooftop ama] with projections of future electricity demakide also take
into account the implication of assumed minimunsifioslectricity purchase requirements linked to ¢herent
Maltese power sector transition from heavy fuekoibin LNG infrastructure financed by an IndependRawer
Producer, as described below.

Results

Preliminary results based on relatively large iveds in tilt and azimuth angles indicate that seasday-time
load profile curves can well be matched throughcitvabined output of adequately distributed PV setup
variations. However, the annual PV system outpsiggificantly reduced when a western orientatiatin \steep
tilt angle is chosen to match residential week-elagning peak demand. The requirements in termstalf PV
capacity to approach the load profile curve depetidsgly on the chosen capacity that will neetig¢o
purchased by the state utility from the IndependRawer Producer. The base load (night time loadpaut



160MW in Malta, while the new gas-fired power pléinanced by a private consortium will have a catyaaf
210MW.

Conclusions

Recent studies have argued that with an increaslagie penetration of photovoltaics in regions wehe
electricity exchanges and spot markets exist, osvoEPV installations (in absence of traditionaden tariffs)
should in theory start adjusting the orientatiopanels away from perfect south (in the northemikphere),
and perhaps towards steeper tilt angles, to gain fiigher spot market prices obtained when elégtriemand
is high, while supply from other PV installatiosslower. To be sure, such studies concluded that PV
penetration would have to be rather high for thigkat effect to set in (Hartner et al. 2014; Zimol & ukits
2014). In Malta such study cannot be conducteddasespot market price comparisons, simply becaush
market does not exist. Due to a derogation, Enentiile state-owned utility and thus far sole sigaift
electricity producer, remains in charge of eledlyidistribution as well. Any entity that would Ekto produce
and sell electricity in Malta needs to sell to Eadtanrather than to the final consumer. On therdtled, a
situation in which electricity generation and datition is controlled by a central government thigb owns
industrial estates with vast empty rooftop spaeeegful planning may well include PV setup variatida
optimize renewable energy integration and to min@averall power sector costs. Management of PV
penetration is especially relevant, as the revisioihe National Renewable Energy Action plan wék a
strong shift from wind power to photovoltaics. Apitom economic reasons (Weissenbacher, 2012)sltiiis
will be necessary as wind power would be diffi¢alintegrate under the new circumstances in whiphvate
consortium is financing a shift from heavy fuel wILNG as the main fuel to generate electricitjvialta. The
new private power plant of 210MW will likely deliv¢he base load of 160MW during the night and close
full capacity during daytime to allow the consontitio recover the investment. On the other hand¢c&acity
in Malta experienced tremendous growth when sygteéces started to decrease. Less than 20 MWp vadrth
PV installations had been operational in Maltaliyénd of 2012, but over 55 MWp had been registered
(including operating ones) by the end of 2013. Fhiggests that well over 60 MWp will be operatidmathe
end of 2014, while figures of installations so dathorized in 2014 suggest that this growth is eacelerating.
It will thus soon come to a situation where PV #&ieity may contribute large shares to total demdundng
mid-day, and the focus will shift towards renewadllectricity integration rather than generatioMalta as
well. Our modeling results should thus assist thaming of further PV growth to ensure optimal grigtion.
Differentiated feed-in tariffs may well be usedroentivize orientation away from perfect soutHawer tilt
angles that would also be encouraged through ligfiap rents.
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