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Solar energy, W/m’
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SOE; 1>(100%-DOD) ><—N

N

Case D Case C Y
\ 4 4
Esur = Ppvt Eshort = Ppv; - (Pload; / ninv)

Pbackup_bat = (Pbekp_max - Ploady) * ninv
Ebatt = Ebatt; + Phackup_bat + Esur

Y

Next time step
SOEy, = SOE,

Ewaste; = 0

SOE; = min(Ebaty , Bnec) * 100 / Bnec

Ebat; = Ebaty_, + Eshort

Ewaste; = 0

SOE; = min(Ebat; , Bnec) * 100 / Bnec

l

Ppvy, Pload,,
SOE,

Ppv; > Pload;

Case B
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N
¥
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Case A

Esur = Ppv; - (Pload; / ninv)
Ebaty = Ebat;_, + Esur* nbat

Ewaste; = Ebat; - min(Ebat , Bnec)

SOE; = min(Ebaty , Bnec) * 100 / Bnec

Esur = Ppv; - (Pload; / ninv)
Ebat; = Ebaty.,
Ewaste; = Esur

SOE; = SOE,

N- SOE; > 80%

Next time step
SOE;.; = SOEt




CASE A: Surplus energy (Eg,,,) and a fully charged battery

Eop = [PPVnCC - (M)] At > 0and SOE = 100%

Niny

Ewaste - ES‘LLT'

Ebatt == Ebatt_l

SOE, = SOE,_, = 100%.

Nee PV charge controller efficiency
Ninp inverter efficiency

Ppy PV power at At

Pioad Load power at At

Easte Waste of Energy

SOE State of Energy

Ebat; Battery Energy Contentatt




Niny
Npat

Pload

Ewaste

SOE
Ebat,

Bnec

CASE B: Surplus energy (Eg,,) and a partially charged battery

Equp = [PPVncc — (Pl"“d)] At > 0and SOE < 100%

Niny
Ebatt - Ebatt_]_ + Esur X Npats

min(Ebat;, By..) X 100

SOEt =

Bnec

E,aste = Ebat; — min(Ebat;, Bye.)

PV charge controller efficiency
Inverter efficiency

Battery efficiency

PV power at At

Load power at At

Waste of Energy

State of Energy

Battery Energy Contentatt
Nominal Battery Energy



CASE C: Energy shortage (Esport) case

Eshore = [PanCC — (M)] At < 0 and SOE > 50%

Niny

Ebatt = Ebatt_l + Eshort'

Ebat; x 100
SOE; =
Brec
Nee PV charge controller efficiency
Niny [nverter efficiency
Ppy PV power at At
Pioad Load power at At
Evaste Waste of Energy
SOE State of Energy
Ebat, Battery Energy Contentatt

Byec Nominal Battery Fnergy




Ppy
P load
Ewaste

P backupMAX

Pbackup—>battery
SOE

Ebat,

CASE D: Backup case

Eshort = [PPVnCC — (P “’“d)] At < 0and SOE < 50%

Ninv
PbackupMAX = Pioga + (PbackupMAX = Pioaa),

Pbackup—>battery = Njpy X (PbackupMAX — Pload)

Ebat, = Ebat,_; + Pbackup—»battery + Npgr X Epy.

PV power at At

Load power at At

Waste of Energy

Maximum generator output
Battery charging from Backup

State of Energy
Battery Energy Contentatt




System performance
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System performance

9, ‘ASaou7 Jo els

>
= =] > o w) xr
T T T

=
1 &
E
4 b
1 ]
>
=3
w
(32}
A “Iamod 215e AL / pROTT / Ad M ‘1amod Lidneg
o® Pm ar 9, ‘A81au7] Jo els
— (=) -] ~ o w) -+
= | ¥ ) T
_— ———— 1
-y d o=
—_—= — =} + n.w,
= = | £
—— -
© _ ——— 4 -
Q
= geecase il T
%
S —— y
" 1 | 1 1 PR M 1 M 1 " [ 1 1 1 1 1 1
= (=4 4 (=4 > [ (4 [ =] S > [ [ = [
> (=4 > (=3 > [ (=4 (=3 S S S S (=3
S uw (4 uw (= w) = w S S = > >
- en Lag] (o} N v— v— [~] o o (o] 7.-
M “amod 2)sepn / peoT / Ad M “Tomod L1dneg




The annual backup energy and the discarded renewabl
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Levelized Cost of Electricity (LCOE)

24 Cm + Cep
n=0 (1 + )
3110 Eus

Cpi + Cb,r + Z
LCOE =

total expenditure cost,

discounted battery replacement cost,
annual system maintenance cost,
annual backup energy cost,

annual useful energy [E = 2 (vaAt) — X(Eyaste)]-




Cost of Battery Replacement (C, )

» number of charge—discharge cycles of the batteries at 100% DOD,

_ Z(Pbatd X At)

Bnec

NC

» The time of replacement of each battery, expressed in years,

Total Number of Cycles up to the End of Life at 100% DOD

TOR =
NC

» The total cost of battery replacement, at net present value,

k=nxTOR<25 1
Cor = C0 L= (14 1)

k .




Cost of Backup Energy (C,_)

» The chemical energy contained in diesel fuel, expressed in kWh

E _ Z P backup
fuel ngen
» The annual backup energy cost C,,
EfMEZ X Fuf.?lcosf
N ¥ 1

Where the Lower Heating Value (LHV) of diesel fuel is 9.85 kWh/It




LCOE as a Function of PV number and Battery Nominal Energy
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