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Abstract. Photovoltaic (PV) generators and wind turbines (WT) are, nowadays, the most used technologies 
for power generation. This paper has the primary objective to explain the reasons of this success, in the 
present and in the future. Secondly, in this paper, an estimation of PV-WT percentage share of the electrical 
consumption is provided, according to a case study of power generation in southern Italy. The simulation 
results demonstrate that the PV-WT share can exceed the 40% threshold, considering about 10% of the 
national consumption located in a region where sun shines and wind blows generously. 

1 Reasons to adopt the PV and WT 
technologies in the electricity mix 
The first ad wew reas f the curret ad 
future assive devepet f PV ad WT techgies 
is the abudat aut f sar ad wid resurces i 
ast a the wrd’s cutries The sar eergy 
received by the Earth ver a year is abut 1000 ties 
re tha a hua eergy csupti 1 The sar 
resurce is re equay distributed acrss cutries 
tha the wid as a resurce which i tur has higher 
pwer desity Ideed wid pwer desity is abut 5 
W2 whe the wid bws at 20 s (a rare 
cditi) whereas sar irradiace ca reach 12 
W2 i particuary cear sy cditis i utai 
catis 

Ather reas t chse the PV techgy is 
represeted by stabe ad rearabe vaues f eergy 
retur  eergy ivested (ERI esewhere used as 
EREI) i cparis with the fssi fues ad ucear 
techgies which ted t decrease their ERI Tw 
artices give detaied ERI vaues fr PV techgies 
The first study 2 prvides a systeatic review f 
eergy paybac tie (EPBT) ad ERI etrics The 
ea harised EPBT varied fr 10 t 41 years the 
due types raed i the fwig rder fr west 
t highest cadiu teuride (CdTe) cpper idiu 
gaiu diseeide (CIGS) arphus siic (aSi) 
pycrystaie siic (pySi) ad crystaie 
siic (Si) The ea harised ERI varied 
fr 87 t 342 

The secd study 3 gives fast ad sipe ethds 
fr estiatig the eergy required fr prducig the PV 
array T this ed tw sipe apprxiatis wi be 
itrduced e thught t uderestiate the eergy cst 
(ebdied eergy) ad the ther thught t verestiate 
it Usig the upper budary fr the required iput 
eergy ad awig fr due degradati suggests 

that the ERI f a PV due wud have a wer 
budary f 5 r 6 I shrt the wrd's future 
geerati f PV eectricity appears t t be iited by 
ERI 

The depeti f raw aterias i utipe idustria 
sectrs causes serius ccer abut future grwth but 
the raw ateria used fr bth WT bades ad PV ces 
4 siica ad purified arphuscrystaie prducts is 
ast iexhaustibe with egigibe csts 

BEF (Bberg Fiace) cacuates the eveised 
cst f eectricity (CE) fr each techgy taig 
it accut everythig fr equipet cstructi 
ad fiacig csts t peratig ad aiteace 
expeses ad average ruig hurs 5 I 2018 the 
bechar gba CE was 55 $Wh fr shre 
wid ad 70 $Wh fr PV withut tracig systes 
ther studies 6 cai that the CE f phtvtaic 
ad wid turbie techgies is tday wer tha fssi 
fue based techgies BEF gathers ifrati 
abut the cst f ivestet fr eectrcheica batteries 
(ithiui) Accrdig t the experiece curve 
techique aready used fr PV techgies the curret 
cst f eergy capacity is 300 $Wh 7   

Fiay techgica prgress ad csteffectiveess 
are the drivig frces f curret widespread istaati 
f PV ad WT I 2017 gba istaed wid pwer 
geerati was ≈540 GW (bth adbased ad ff
shre) ew aua istaati has bee reativey 
cstat i recet years (≈50 GWyear) ew PV 
istaatis are draaticay icreasig hwever the 
wrd tta PV pwer reached 400 GW i 2017 f 
which 100 GW was istaed i 2017 (re tha the 
cbied et capacity additis f fssi fues ad 
ucear pwer) I that year the wrd eectricity 
prducti was 1430 TWh fr WT ad 416 TWh fr 
PV 8 
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2 Determination of the optimum PV-WT 
share without grid reinforcement 
I 9 a prcedure is preseted t cacuate the ptia 
prtfi f PV geeratrs WT pars ad strage 
systes which suppy the aggregati f severa ads 
The ai ga was t shw the advisabe sefsufficiecy 
fr ca reewabe eergy surces (RES) that ca be 
achieved i grid cecti As shw i Fig 1 withut 
strage the sefsufficiecy frua is the rati betwee 
the eergy cay geerated ad iediatey csued 
Egc cpared t the tta ad Ead 10  

The eergy Ead is thus the su f the quta Egc ad 
absrpti fr the grid Eabs If strage is istaed the 
grid iecti Ei ca be stred ad used ater t icrease 
sefsufficiecy 
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Fig. 1. Example of generation and load profiles to calculate the 
self-sufficiency ratio. 

I rder t avid expesive grid upgrades RES 
peetrati was iited as a cstrait I additi y 
csteffective ivestets were csidered fr the pwer 
ad eergy resuts The resuts btaied thrugh a 
cparis betwee ads ad reewabe geerati i 
suther Itay shwed that the axiu sef
sufficiecy cud reach ≈55% f the ads thas t the 
use f strage systes Batteries hep the itegrati f 
iterittet reewabes evertheess strage csts are 
sti high ad fr this reas the retur  ivestet is 
axiised if strage is t used but the sefsufficiecy 
decreases t ≈40% These resuts referred t a 
aggregati f ads with Eyear 530 GWh which is 
016% f Itaia csupti (Eyear≈320 TWh) i 2017 
11 Siiar wr is prpsed i the preset paper i 
which the aggregati f ads crrespds t ≈7% f 
the Itaia csupti prfies btaied fr the 
trasissi syste peratr (TS) 

2.1 Load profiles and accurate measurements of 
irradiance and temperature 
The Itaia TS prvides hury csupti prfies 
fr the third Wedesday f each th 12 I Itay i 
2017 the axiu csupti was ≈54 GW i 
auary uy ad i Deceber  
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Fig. 2. Consumption profiles for 7% of the Italian population, 
2017. 

Csupti decreases draaticay durig August 
I this th due t suer hidays ad the 
csequet cessati f ay wrig activities the 
pea ad is ≈35 GW ccurrig at 9 p  

Fr the sae f sipicity the siuatis are 
perfred csiderig ad prfies siiar t thse f 
the whe cutry i the preset wr These prfies 
are weighted accrdig t the ppuati ivig i 
Apuia which is ≈7% f the Itaia ppuati As 
shw i Fig 2 the Itaia aua ad (≈320 TWh) is 
thus scaed dw t ≈23 TWh ad the ad prfies are 
t dified Furtherre each e f the tweve daiy 
prfies fr the TS is used as represetative f the 
whe th  

I additi t the ad prfies the ther iputs are 
btaied fr etergica statis cated i 
suther Itay at atitudes withi 3941 prvidig 
data with 1i tie steps 

Irradiaces are easured usig pyraeters with 
easureet ucertaity i the rage 1525 W2 12 
Wid speeds are easured usig cup aeeters 
(gd accuracy) at 3  height fr the grud Ther
hygreters ad bareters are used fr air teperature 
huidity ad pressure 

2.2 Presentation of the system and simulation 
procedure 

Fig 3 shws a sipified schee f the syste uder 
study It cprises PV geeratrs ad WT used t 
suppy ca ads with the hep f a battery eergy 
strage syste (BESS) The geeratrs are cected t 
DCAC cverters t feed AC ads (they are t shw 
i the schee) The battery aageet syste (BS) 
icuded i the BESS aages the chargedischarge 
cyces ad guaratees the crrect perati f the 
batteries The ptia share i ters f PV wid 
turbies ad strage is deteried by siuatig pwer 
geerati prfies with respect t csupti prfies 
This prcedure wrs as fws Firsty rad sies 
are defied fr PV WT ad strage where the ter sie 
stads fr the rated pwer fr PV ad WT whie sie 
eas the eergy capacity fr BESS 
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Fig. 3. A simplified scheme of a RES based system under 
study. 

The secd step is the cacuati f pwer baaces 
perfred with 1h tie steps fr a etire year The 
baaces csist f cpariss betwee reewabe 
geerati ad ads If the RES prducti is t 
eugh r is t high fr ca ads the BESS is used 
If batteries cat aage a the deficit r surpus 
pwer is exchaged with the grid A reated eergy ad 
ecic resuts are stred i a database 

The prcedure is repeated fr each pssibe 
cbiati f geeratrs ad strage sies The sies 
a start fr er ad are icreased after each 
siuati At the ed f a the prcess a data set is 
aaysed t excude uacceptabe cbiatis f 
geeratrs ad strage accrdig t ecic ad 
techica cstraits 

2.3 Simulation constraints 

The first cstrait is ecessary t avid grid upgrades 
it iits the axiu pwer that ca be iected it the 
grid As expaied i 131415 the high peetrati 
eves f upredictabe reewabes ay cause techica 
issues such as vtage rises harics ad ubaace 
Fr this reas i rder t avid gridupgrades the 
axiu acceptabe pwer iected it the grid has t 
be wer tha the axiu csued pwer ver the 
whe year I this way curret ad pwer are aways 
uder the iits f the grid ies ad the aua eergy 
iecti cat be t high 

The secd cstrait is ecic y cst
effective ivestets are accepted Ivestets ust 
have a psitive et preset vaue (PV0) ad the 
itera rate f retur (IRR) which aws the yieds f 
differet ivestets t be cpared ust be higher 
tha 6% 1617 

These assuptis are ade regardig csts 
• A iterest rate i3% this w vaue ca be used fr 

g ter ivestet i reewabes with w ris 
such as PV ad wid turbies 

• A aicusive istaati cst f 1000 W fr 
PV geeratrs ad 1200 W fr wid turbies 

• Yeary perati ad aiteace (&) csts 
crrespdig t 08% ad 2% f the istaati 
csts fr PV ad WT respectivey 

• A iitia cst fr the BESS with ii batteries 
equa t 300 Wh 18 

• A average cst f csued eectricity equa t 
≈15 cWh 

• A average price paid fr the eectricity iecti 
it the grid equa t ≈4 cWh 19 

2.4 Models for PV generators, WT parks and 
storage 

The pwer fw is siuated thas t apprpriate 
des fr PV ad wid geeratrs ad strage The 
eergy prducti fr wid turbies is cacuated 
startig fr the wid speed easureets The wid 
speed is trasferred at the height f the WT hub usig 
the frua i 20 This data is used i the pwer 
utputwid speed” curve fr the datasheet f wid 
turbies ad the resut is a prfie f pwer geerati 
fr the etire year 21  

The PV geerati prfie is cacuated startig fr 
sar irradiace ad abiet teperature PV prducti 
is cacuated accrdig t a prprtia de i which 
pwer utput depeds  the tw pieces f 
evireta data ted abve ad the PV rated pwer 
22 

The strage perati is cacuated by ctiuusy 
ctrig its state f charge (SC) ad the iits i the 
axiu exchaged pwer The quatity f eergy that 
ca be charged r discharged is defied accrdig t 
iits ipsed t preserve battery ife strage is fu 
whe SCSCax epty whe SCSCi ad 
these iits cat be exceeded The iit f axiu 
pwer ust as be respected If it cat hade the 
pwer i the ca syste due these pwer ad eergy 
restrictis the extera grid is used t feed the ads 

2.5 Simulation results 

The siuatis f RES geerati ad csupti 
prfies aws the ptia sies f geeratrs ad 
strage t be deteried As a exape f the effective 
itegrati betwee PV ad WT prducti hury 
prfies f geerati are shw i Fig 4 fr a suer 
day where sar ad wid resurces are cpeetary 
Actuay the wid starts t strgy bw ust whe the 
su is decreasig i after As a resut the ad is fed 
by RES fr re tha 15 h per day axiisati f 
sefsufficiecy (SS) reaches ≈31% f the ad  
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Fig. 4. Example of PV and wind complementarity. 
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It is advisabe t ista 4 GW f PV geeratrs 12 
GW f WT pars ad a BESS eergy capacity f 8 
GWh The cputed IRR is ≈11% The sie f wid 
fars is wer tha PV geerati because the PV 
prfies better atch the csupti 

 the ther had i case f the cstptia 
suti (CS) this sefsufficiecy decreases t 26% 
The PV sie is the sae fr the previus suti ad 
WT ad BESS have rated pwers f 04 GW ad 4 
GWh respectivey The reducti i the strage 
istaati is due t its high cst as a csequece a 
high WT sie cat be istaed t avid high 
iectis The abve resuts ivve ad prfies ad 
the August ad eve is ast 50% ess tha the ther 
ths due t the wr iterrupti (typica Itaia 
hidays) This w ad des t atch the high PV 
prducti i a adequate way resutig i ipsed 
iits t the PV ad WT sies t prevet high pwer 
iecti it the grid evertheess i the ear future 
there wi be a better atch betwee PV prducti ad 
csupti fr the widespread use f heat pups 
durig August I this sceari the previus siuatis 
are repeated withut icudig the August ad prfie 
I the case f SS sefsufficiecy reaches ≈44% f 
the ad A high strage capacity (20 GWh) supprts the 
istaati f 6 GW f PV geeratrs ad 17 GW f 
WT pars I the case f CS the sefsufficiecy is 
≈37% btaied with a BESS eergy capacity f 12 
GWh I bth cases eergy iecti it the grid is 
egigibe Regardig the csteffectiveess f the tw 
ivestets the IRR f the SS is 7% ad 11% fr 
CS 

3 Conclusions 

The curret techica iprveets ad the ecies 
f scae tday aw i catis where the su shies 
ad wid bws the csts f eectricity fr PV ad WT 
techgies are wer tha fssi fue ad ucear pwer 
pats The strage techgies eeded fr 
cpesatig fr RES iterittecy as destrate 
decreasig csts i eergy capacity dw t 300 $Wh 

I se cutries the PVWT share has w 
exceeded 20% f the tta ads hwever the 
siuatis i the iterature ad thse preseted i this 
paper agree that higher shares ca be achieved I the 
prpsed case study the axiu sefsufficiecy is 
≈30% This eve is reativey pr because it icudes 
w ad prfies crrespdig t the cessati f wr 
activity fr the suer hidays  I a sceari i which 
the ad eve reais siiar acrss the suer seas  
sefsufficiecy icreases t 4050% icudig battery 
supprt The crrespdig ecic perfrace is 
aways rearabe with IRR vaues i the rage f 6–
11% 
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