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Basic PV System

Source: 
http://www.eere.energy.gov/consumer/your_home/electricity/index.cfm/mytopic=10720

http://www.eere.energy.gov/consumer/your_home/electricity/index.cfm/mytopic=10720
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Shading: a little bit goes a long way
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Business Card 

covering half 

of one cell



Disproportional Impact of Mismatches

Shade Power loss

Series connection

0.15% 3.7%

2.6% 16.7%

11.1% 36.5%

Source: ñEFFECTS OF SHADOW ON A GRID CONNECTED PV SYSTEMò - N. Chaintreuil, F. Barruel, 

X. Le Pivert, H. Buttin, J. Merten INES R.D.I., Laboratory for Solar Systems (L2S) 

Nine (multi-crystalline) Photowatt PW1650 (4 bypass diodes) 

connected in series to a SMA Sunny Boy SB1100 inverter

23x

6x

3.2x

Slide courtesy of: 

http://www.national.com/news/
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Solar Cell
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Photon

ÅCharge generation

ÅCharge separation

ÅCharge collection
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Cells in Series & Parallel

Max power point

I -V curve 
of the array
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Cell without
bypass diode

+ 0.6 v-0.7 v

I

V
-12 v

Bypass Diodes

Partially 
shaded cell

Unshaded 
cell

Max Power

Wasted  power

A

Cell with
bypass diode

B

BP



Copyright Solmetric Corporation, 2009

InverterInverter

Vpmax Vnew

N x Vpmax N x Vpmax

Vreverse

Vreverse = (N-1) x Vnew ïN x Vpmax = N x (Vnew ïVpmax) - Vnew

How Cells Become Reverse Biased

N = # of cells
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Typical PV Module Layout

+Shade

Shade
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Inverter dynamics
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Max Power Point Tracking (MPPT) Methods

ÅóPerturb & observeô or óhill climbingô

Å P/ V 

ÅFraction of Voc or I sc

ÅFuzzy logic

ÅNeural network

ÅRipple correlation

ÅCurrent sweep

ÅLoad current or load voltage maximization

ÅdP/dI or dP/dV feedback control

From ñComparison of PV array maximum power point tracking techniques,ò Esram & Chapman, 2007
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Max Power Point Tracking (MPPT)
Perturb & Observe method
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The Challenge of Partial Shading
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Strings in Parallel

String max power points

String I -V curves

Vpmax

Note: Shaded strings 
can be further 
penalized by 

operating below MPP
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Shading Demonstration

East stringWest string

2 strings of 12 BP SX120 modules

1. No shade
2. Shade ½ of one module
3. Shade 1 cell
4. Place credit card on one cell

Shading conditions:
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Shading Demonstration
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PV Array Performance Analyzer
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1 string of 12 BP SX120 modules (864 cells in series)

I -V Curve of Un -shaded String
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1 string of 12 BP SX120 modules (864 cells in series)

½ of One Module Shaded
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One Cell Shaded

1 string of 12 BP SX120 modules (864 cells in series)
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1 string of 12 BP SX120 modules (864 cells in series)

Credit Card Placed on One Cell
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Insolation for fixed plane (San Diego)
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Insolation for fixed plane (Honolulu)


