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This course

 Solar resource

 Physics of solar cells

 PV technologies

 PV systems

◦ Grid connected

◦ Stand alone systems

◦ Building integrated systems

◦ Vehicle integrated systems

◦ Floatvoltaics

◦ Agriphotovoltaics

◦ Concentrated solar power
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This course

This course - grading

 Test: 50%

 Lab work: 15%

 Home work: System design (15%)

 Presentation: Advanced topics (20%)

and/or

 Final exam: everything (100%)
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Today

 (Summary of this course)

 Brief history of photovoltaics

 PV global market

 PV in Portugal
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Brief history of photovoltaics
1839: Edmund Becquerel, a French experimental physicist, 

discovered the photovoltaic effect. 

1873: Willoughby Smith discovered the photoconductivity of 

selenium. 

1876: Adams and Day observed the photovoltaic effect in solid 

selenium. 

1883: Charles Fritts, an American inventor, described the first solar 

cells made from selenium wafers. 

1904: Einstein published his paper on the photoelectric effect. 

1916: Millikan provided experimental proof of the photoelectric 

effect. 

1951: A grown p-n junction enabled the production of a single-

crystal cell of germanium. 

1954: Bell Labs researchers Pearson, Chapin, and Fuller reported 

their discovery of 4.5% efficient silicon solar cells.
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Brief history of photovoltaics
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Brief history of photovoltaics

7



Brief history of photovoltaics
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Brief history of photovoltaics

9



10



11



12



13



14



PV fast development
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PV installed capacity growing exponentially



PV fast development
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PV is the fastest growing power source worldwide



PV fast development
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PV growth systematically 

outperformed most 

optimistic forecasts!



PV fast development
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Despite growing installed capacity

PV is only about 3% total demand
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PV fast development
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PV fast development



Cost of photovoltaics

Cost and price are very different, often not even correlated!

There are 3 traditional measures of PV cost:

• Cost per Watt-peak installed

• Levelized cost of electricity

• Grid parity
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Cost of photovoltaics

Cost per Watt-peak

Units: €/W

Simple and objective to determine, usually refers to 

module cost (Spot market? Factory gate? End user?) and 

thus it does not represent full installation system cost. 

It is not comparable to other (renewable or fossil) energy 

sources due to the different capacity factor.

Comparing different PV technologies not trivial.
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Cost of photovoltaics

Levelized cost of electricity (LCoE)

Units: €/kWh

The cost that really matters!

But depends on location (insolation), 

financial costs (discount rate, subsidies,…) and

assumptions on lifetime (25 or 40 years?) or

O&M costs (10 or 30$/kW/year)
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Cost of photovoltaics

Grid parity
Electricity prices will increase

PV costs will decrease

… PV WILL BE COST COMPETITIVE.

Wholesale or end-user electricity price?

Socket parity – defined as the point where a 

household can make 5% or more return on investment 

in a PV system just by using the energy generated to 

replace household energy consumption.
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Cost of photovoltaics

Grid parity
Electricity prices will increase

PV costs will decrease

… PV WILL BE COST COMPETITIVE.

When?

Where?

At what time of the day/year?
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Cost of photovoltaics
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10 times cheaper in the last 10 years!!

IRENA (2020), Renewable Power Generation Costs in 2019, International Renewable Energy Agency, Abu Dhabi.



Drivers for cost reduction

27Energy Policy 123 (2018) 700–710; 707



Drivers: technology
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Drivers: economies of scale
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Drivers: economies of scale
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Impacts of lots of PV
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Impacts of lots of PV
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Impacts of lots of PV
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Impacts of lots of PV
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Impacts of lots of PV
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Brief history (2): markets

1990’s – Japan

Subsidies to installation

2000’s – Germany (and the rest of EU)

Feedin tariff

2010’s – China

Industrial support
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Brief history (2): markets

1990’s – Japan

Subsidies to installation

2000’s – Germany (and the rest of EU)

Feedin tariff

2010’s – China

Industrial support
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 Very large industrial scale

 Local supply chain

 Adoption of green standards

 High quality products (strong innovation)

 Largest world market



China is largest market
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China is largest producer
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Half at 

Xinjiang!



PV market today
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All sectors growing but 

Utility scale PV is the largest segment

Off grid solar is almost negligible 



PV market today
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PV market today
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PV market today
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PV in Portugal
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High resource
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Low installed capacity
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Increasing capacity

47
Estatísticas rápidas, DEGEG, Julho 2020
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Only a fraction of the RES fleet
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Estatísticas rápidas, DEGEG, Julho 2020



Legal landscape

Roadmaps

2030: 10 GW 2050: 20 GW

 Micro-generation: Renewables-on-demand
(19.6c€/kWh/8 anos + 16.5c€/kWh/7 anos) 

[2008; 2010; 2013]

 Mini-generation |DL 34/2011]   

(<20kW: 25c€/kWh; <250kW: auction)

 Self-demand |DL 153/2014]  

 Solar auctions (2019 & 2020) 
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Small PV
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Estatísticas rápidas, DEGEG, Julho 2020



Big PV
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Big PV
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Flagship projects

 Selvagem Grande, Madeira (1983, 660W)

 Solar XXI, Lisbon (1989; 2.2kW)+ (2005; 12+6kW)

 Brinches, Serpa (2007; 11MW)

 Amareleja, Moura (2008; 46MW)

 Ourika (2018; 46 MW – sem tarifas)
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INTRODUCTION

Remarks - PV in Portugal

 Almost no manufacturing 

 Commercialization & installation suffers from 

policy hesitations

 Current legal framework favors very small 

installations for residential users and industrial 

installations 

 Unsubsidized market is emerging, big time!

 Untapped huge solar potential
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