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Διαθέσιμη Ηλιακή Ενέργειας από PV



Προφίλ Κατανάλωσης Ηλεκτρικής Ενέργειας



Αλγόριθμος Λειτουργίας Συστήματος



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

𝐸𝑠𝑢𝑟 = 𝑃𝑃𝑉𝑛𝑐𝑐 −
𝑃𝑙𝑜𝑎𝑑

𝑛𝑖𝑛𝑣
𝛥𝑡 ≥ 0 and SOE = 100%

𝐸𝑤𝑎𝑠𝑡𝑒 = 𝐸𝑠𝑢𝑟

𝐸𝑏𝑎𝑡𝑡 = 𝐸𝑏𝑎𝑡𝑡−1

𝑆𝑂𝐸𝑡 = 𝑆𝑂𝐸𝑡−1 = 100%.

𝑛𝑐𝑐 PV charge controller efficiency
𝑛𝑖𝑛𝑣 inverter efficiency
𝑃𝑃𝑉 PV power at Δt
𝑃𝑙𝑜𝑎𝑑 Load power at Δt
𝐸𝑤𝑎𝑠𝑡𝑒 Waste of Energy
SOE State of Energy
𝐸𝑏𝑎𝑡𝑡 Battery Energy Content at t



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

𝐸𝑠𝑢𝑟 = 𝑃𝑃𝑉𝑛𝑐𝑐 −
𝑃𝑙𝑜𝑎𝑑

𝑛𝑖𝑛𝑣
𝛥𝑡 ≥ 0 and SOE < 100%

𝐸𝑏𝑎𝑡𝑡 = 𝐸𝑏𝑎𝑡𝑡−1 + 𝐸𝑠𝑢𝑟 × 𝑛𝑏𝑎𝑡,

𝑆𝑂𝐸𝑡 =
min 𝐸𝑏𝑎𝑡𝑡, 𝐵𝑛𝑒𝑐 × 100

𝐵𝑛𝑒𝑐

𝐸𝑤𝑎𝑠𝑡𝑒 =  𝐸𝑏𝑎𝑡𝑡  −  min 𝐸𝑏𝑎𝑡𝑡 , 𝐵𝑛𝑒𝑐

𝑛𝑐𝑐 PV charge controller efficiency
𝑛𝑖𝑛𝑣 Inverter efficiency
𝑛𝑏𝑎𝑡 Battery efficiency
𝑃𝑃𝑉 PV power at Δt
𝑃𝑙𝑜𝑎𝑑 Load power at Δt
𝐸𝑤𝑎𝑠𝑡𝑒 Waste of Energy
SOE State of Energy
𝐸𝑏𝑎𝑡𝑡 Battery Energy Content at t
𝐵𝑛𝑒𝑐 Nominal Battery Energy



CASE C: Energy shortage (𝑬𝒔𝒉𝒐𝒓𝒕) case

𝐸𝑠ℎ𝑜𝑟𝑡 = 𝑃𝑃𝑉𝑛𝑐𝑐 −
𝑃𝑙𝑜𝑎𝑑

𝑛𝑖𝑛𝑣
𝛥𝑡 < 0 and SOE > 50%

𝐸𝑏𝑎𝑡𝑡 = 𝐸𝑏𝑎𝑡𝑡−1 + 𝐸𝑠ℎ𝑜𝑟𝑡,

𝑆𝑂𝐸𝑡 =
𝐸𝑏𝑎𝑡𝑡 × 100

𝐵𝑛𝑒𝑐

𝑛𝑐𝑐 PV charge controller efficiency
𝑛𝑖𝑛𝑣 Inverter efficiency
𝑃𝑃𝑉 PV power at Δt
𝑃𝑙𝑜𝑎𝑑 Load power at Δt
𝐸𝑤𝑎𝑠𝑡𝑒 Waste of Energy
SOE State of Energy
𝐸𝑏𝑎𝑡𝑡 Battery Energy Content at t
𝐵𝑛𝑒𝑐 Nominal Battery Energy



CASE D: Backup case

𝐸𝑠ℎ𝑜𝑟𝑡 = 𝑃𝑃𝑉𝑛𝑐𝑐 −
𝑃𝑙𝑜𝑎𝑑

𝑛𝑖𝑛𝑣
𝛥𝑡 < 0 and SOE < 50%

𝑃𝑏𝑎𝑐𝑘𝑢𝑝𝑀𝐴𝑋 = 𝑃𝑙𝑜𝑎𝑑 + (𝑃𝑏𝑎𝑐𝑘𝑢𝑝𝛭𝛢𝛸 − 𝑃𝑙𝑜𝑎𝑑),

𝑃𝑏𝑎𝑐𝑘𝑢𝑝→𝑏𝑎𝑡𝑡𝑒𝑟𝑦 = 𝑛𝑖𝑛𝑣 × 𝑃𝑏𝑎𝑐𝑘𝑢𝑝𝛭𝛢𝛸 − 𝑃𝑙𝑜𝑎𝑑

𝛦𝑏𝑎𝑡𝑡 = 𝛦𝑏𝑎𝑡𝑡−1 + 𝑃𝑏𝑎𝑐𝑘𝑢𝑝→𝑏𝑎𝑡𝑡𝑒𝑟𝑦 + 𝑛𝑏𝑎𝑡 × 𝐸PV.

𝑃𝑃𝑉 PV power at Δt
𝑃𝑙𝑜𝑎𝑑 Load power at Δt
𝐸𝑤𝑎𝑠𝑡𝑒 Waste of Energy
𝑃𝑏𝑎𝑐𝑘𝑢𝑝𝑀𝐴𝑋 Μaximum generator output
𝑃𝑏𝑎𝑐𝑘𝑢𝑝→𝑏𝑎𝑡𝑡𝑒𝑟𝑦 Battery charging from Backup
SOE State of Energy
𝐸𝑏𝑎𝑡𝑡 Battery Energy Content at t



System performance 



System performance 



The annual backup energy and the discarded renewable energy 



Levelized Cost of Electricity (LCOE) 

𝐿𝐶𝑂𝐸 =
𝐶𝑝𝑖 + 𝐶𝑏,𝑟 + σ𝑛=0

24 𝐶𝑚 + 𝐶𝑒𝑏

1 + 𝑖 𝑛

σ𝑛=0
24 𝐸𝑢𝑠

Cpi total expenditure cost, 
Cb,r discounted battery replacement cost, 
Cm annual system maintenance cost, 
Ceb annual backup energy cost,

Eus annual useful energy [𝐸𝑢𝑠= 𝛴 𝑃𝑝𝑣𝛥𝑡 − 𝛴 𝐸𝑤𝑎𝑠𝑡𝑒 ].



Cost of Battery Replacement (Cb,r)

𝑁𝐶 =
σ(𝑃𝑏𝑎𝑡𝑑 × Δt)

𝐵𝑛𝑒𝑐

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

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

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



Cost of Backup Energy (Ceb)

 The chemical energy contained in diesel fuel, expressed in kWh

𝐸𝑓𝑢𝑒𝑙 =
σ 𝑃𝑏𝑎𝑐𝑘𝑢𝑝

𝑛𝑔𝑒𝑛

 The annual backup energy cost Ceb

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



LCOE as a Function of PV number and Battery Nominal Energy
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