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Converting DC into AC

➢ Using switch operation to convert DC into AC
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Finding MPP

1. Indirect Methods

2. Perturb & Observe

3. Incremental Conductance

MPPT Objective → Find Vmpp while decoupling Vpv and Vload
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1. Finding MPP – Indirect Methods

➢ Constant Voltage Method

Using the specs of the PV array, apply the STC voltage that gets the MPP

➢ Fractional Open Voltage Method

Considering Vmpp is a distinct fraction of Voc, apply a 70-80% fraction to find Vmpp

➢ Short Current Pulse Method

Considering Impp is a distinct fraction of Isc, apply around 90% fraction to find Impp
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2. Finding MPP – Perturb & Observe

➢ Make incremental changes in the voltage and monitor the power
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2. Finding MPP – Perturb & Observe

➢ Make incremental changes in the voltage and monitor the power

Prior Perturbation Change in Power

Positive Positive

Positive Negative

Negative Positive

Negative Negative

Next Perturbation
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3. Finding MPP – Incremental Conductance
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3. Finding MPP – Incremental Conductance

➢ Increasing voltage to find Vmpp:

➢ Decreasing voltage to find Vmpp:

➢ Finding the right voltage Vmpp:
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3. Finding MPP – Incremental Conductance
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Standards Compliance

➢ Automatic isolation → CEI 61727 / IEC 62116

➢ Electromagnetism compliance → EN 55014

➢ Harmonics → CEI 61000-3-2

➢ Security → EN 60950 / CEI 62109
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Maximum Efficiency

Efficiency is dependent on:

➢ Voltage DC range

➢ Performance of MPPT method

➢ Output power

➢ Types of inverter

𝜂𝑖𝑛𝑣 =
𝑃𝐴𝐶
𝑃𝐷𝐶

≈ 95 − 99%
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European & CEC Efficiencies

➢ Weighted efficiencies – Performance across the range of inverter’s capacity 
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European & CEC Efficiencies

➢ Weighted efficiencies – Performance across the range of inverter’s capacity

European Weighted Efficiency

California Energy Commission (CEC) Weighted Efficiency

𝜂euro = 0.03 ∗ 𝜂5% + 0.06 ∗ 𝜂10% + 0.13 ∗ 𝜂20% + 0.10 ∗ 𝜂30% + 0.48 ∗ 𝜂50% + 0.20 ∗ 𝜂100%

𝜂CEC = 0.04 ∗ 𝜂5% + 0.05 ∗ 𝜂10% + 0.12 ∗ 𝜂20% + 0.21 ∗ 𝜂30% + 0.53 ∗ 𝜂50% + 0.05 ∗ 𝜂100%
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➢ Interesting flexibility (one MPPT / module) → improving PR

➢ Few DC wiring

➢ Individual power monitoring

➢ High cost in USD / Wp

➢ Less efficient

➢ Operating on rear-side (thermal exposition)
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DC electrical data

AC electrical data
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➢ Interesting with heterogeneous PV arrays

➢ Multi-MPPT configuration are possible

➢ Individual replacement & easy access

➢ Medium cost in USD / Wp

➢ Concerns about DC wiring (sometimes important on roof-top)
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➢ High efficiency

➢ Low cost in USD / Wp

➢ Interesting and easy installation for homogenous PV field

➢ Some important mismatch losses can occur

➢ Lot of space required
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Sizing criteria for inverter selection

➢ Quality and performance of MPPT method

➢ Number of MPPT inputs

➢ Maximum input voltage (typically 1000V or 1500V)

➢ Large MPP voltage range

➢ High weighted efficiency (EURO or CEC)

➢ Output AC power
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Using DC/AC ratio to undersize inverter
➢ Typically in the range of 1.05 to 1.25
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Using DC/AC ratio to undersize inverter
➢ Heavily dependent of PV field type → Case study with a 95 kWp PV plant and ratio = 1.25

Tilt = 15°Tilt = 90°

Power Clipping Power Clipping
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Multi-MPPT configuration
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• 𝐌𝐚𝐱. Voltage = PV Voltage with 𝐌𝐢𝐧. 𝐓𝐞𝐦𝐩𝐞𝐫𝐚𝐭𝐮𝐫𝐞

• 𝐌𝐢𝐧. Voltage = PV Voltage with 𝐌𝐚𝐱. 𝐓𝐞𝐦𝐩𝐞𝐫𝐚𝐭𝐮𝐫𝐞

• 𝐌𝐚𝐱. Current = PV Current with 𝐌𝐚𝐱. 𝐆𝐥𝐨𝐛𝐚𝐥 𝐈𝐫𝐫𝐚𝐝𝐢𝐚𝐧𝐜𝐞

Electrical design in extreme meteorological conditions

➢ Check electrical compliance with inverter electrical characteristics
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Electrical design in extreme meteorological conditions

Pmpp@Tmin

Pmpp@Tmax

Max. Inverter 
Input Current

MPP Voltage Range
Max. Inverter 
Input Voltage
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➢ Max. OC Voltage of PV array < Max. Inverter Input Voltage

➢ Max.MPP Voltage of PV array < Max. Inverter MPP Voltage Range

➢ Min.MPP Voltage of PV array > Min. Inverter MPP Voltage Range

➢ Max. SC current of PV array < Max. Inverter SC Input Current

➢ Peak Power STC < Output AC Power < Peak power STC ∗ 1.25

Critical inverter sizing conditions
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➢ VOC@Tmin ∗ Nseries < Max. Inverter Input Voltage

➢ VMPP@Tmin ∗ Nseries < Max. Inverter MPP Voltage Range

➢ VMPP@Tmax ∗ Nseries > Min. Inverter MPP Voltage Range

➢ ISC@Tmax@Gmax ∗ Nparallel < Max. Inverter SC Input Current

➢ Peak Power STC < Output AC Power < Peak power STC ∗ 1.25

Critical inverter sizing conditions

Nseries

&

Nparallel

Objective

Find
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Critical inverter sizing conditions
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VOCMAX ∗ Nseries ≤ Vinput max
DC i.e. Nseries ≤

1000

45.0
= 22,2 i.e. Nseries ≤ 22

VmppMIN ∗ Nseries ≥ Vmin
DC MPP i.e. Nseries ≥

320

28.9
= 11,07 i.e. Nseries ≥ 𝟏𝟐

VmppMAX ∗ Nseries ≤ Vmax
DC MPP i.e. Nseries ≤

800

37.1
= 21,6 i.e. Nseries ≤ 𝟐𝟏

ISCMAX ∗ Nparallel ≤ Imax
DC i.e. Nparallel ≤

33

11,6
= 2,9 i.e. 𝐍𝐩𝐚𝐫𝐚𝐥𝐥𝐞𝐥 ≤ 𝟐

Data - Module

Voc,max 45.0 V

Vmpp,max 37.1 V

Vmpp,min 28.9 V

Isc,max 11.6 A

Data - Inverter

Vdc,max 1000 V

Vrange,min 320 V

Vrange,max 800 V

Idc,max (per MPP) 33 A
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166kVA multi-MPPT Inverter base on Flying Capacitor topology

DC/AC Power Board DC/DC Power Board

➢ Up to 1500 VOC PV string, inject full power on 800V 3~ grid 
➢ Multi MPPT: 2 PV strings per MPPT, 8 MPPT in parallel (= 16 strings)
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