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“Non-conventional” applications  



Quickly variable shadowing 



The ‘Takht Lahori’ Zero-Emissions Bus 



PV curves non linearity 
Isc linear with S 

Voc log with S 
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T 



The need of an MPPT 

PV power 

PV voltage Vmppt Vconstant 



Perturb & Observe strategy 

Perturbed variable = x 

Observed variable = y 

xk xk+1 xk+2 xk+3 

yk 
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MPPT efficiency: it is not the  
conversion efficiency!!! 

!   no changes in weather conditions 
!   no noises   
!   three-points climbing (MPP included) 
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Effects of AC load/grid in PV & FC 

PV 
SOURCE DC/DC DC/AC ~ 

PDC PAC PDC>PAC 
PAC>PDC 

SOURCE DC/AC ~ 
Cbulk 

Cbulk 

Lower Cbulk:   no electrolytic capacitance Cbulk 

     increased oscillation amplitude 
     electrolytic Cpv might be required 



 bulk voltage oscillation 

Vpv oscillation 

Ppv oscillation 

Power losses 

Bulk voltage oscillation back-propagation 

At a constant value of the dc/dc 
converter’s duty cycle, in the MPP: 

99.9 2.0 
99.2 5.5 
96.8 10.6 

€ 

ηEU = 0.03⋅ η5% + 0.06⋅ η10% + 0.13⋅ η20% +

         +  0.10⋅ η30% + 0.48⋅ η50% + 0.20⋅ η100%



Effects of disturbances in off-grid systems 

PV 
SOURCE DC/DC 

Req 

Eth 

Req is significantly dependent on the battery SOC   

ICE 



Noise reduction by sliding mode control 

€ 

iL < iref −H(t) 2
iL > iref +H(t) 2
⎧ 
⎨ 
⎩ 

mosfet turned ON 

mosfet turned OFF 

€ 

ψ = iL − iref
sliding surface 



Simulation results: synchronous boost 
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(b) ASMCC
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parameter value 
vPV 120 V 
vb0 450 V 
fgrid 50 Hz 
PMPP 1 kW 
Δvb 160 V 
L 409 µH 
Cin 50 µF  
Cb 22 µF 

No disturbance affecting the inductor current  

€ 

Δf sw (t) =
vPV
L⋅ H0

⋅
vPV
vb0

⋅
Δvb (t)

vb0 + Δvb (t)

bulk voltage  
oscillation  
amplitude 



Why not current-based MPPT? 

I 

V 

small 
irradiance 

drop 

large 
irradiance 

drop 

current linearly 
drops with 
irradiance 

voltage logarithmically drops with irradiance  



Transient performances 
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S1 = 1000 W/m2

S2 = 945 W/m2

S3 = 900 W/m2
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With a ΔS=55W/m2 no problems in MPPT 

With a ΔS=100W/m2 the reference 
current is higher than the short circuit 
current and the upper bound iref+H/2 is 
never reached.    



Improved MPPT performances 
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Vpv (s)
Iref (s)

= −
RMPP

1+ RMPP ⋅ Cin ⋅ s



Can the MPPT promptness be improved? 
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iPV = iCin + iL
iref = iPV + ivr
ei = iref − iL = iCin + ivr

€ 

ei = 0⇒ iCin = −ivr
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An improved MPPT response 

no dependency on Vbulk, so that the 100Hz is 
rejected and the MPPT is achieved 
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€ 

Vpv (s)
Ivr (s)

= −
1

Cin ⋅ s
no dependency on the PV array 
characteristics, so that the 
MPPT performances do not 
depend on the PV array 

fast 

slow 



Sliding mode conditions 

€ 

SURF = 0

€ 

iCin + ivr = 0

€ 

dvPV
dt

= −
ivr
Cin

€ 

Vpv (s)
Ivr (s)

= −
1

Cin ⋅ s

€ 

d SURF( )
dt

= 0

€ 

diCin
dt

+
divr
dt

=
diPV
dt

−
diL
dt

+
divr
dt

= 0

maximum 
irradiation 

variation that can 
be tracked 



Experimental results: noise effect 



100Hz noise reduction benefit 



Fast MPPT 
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