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University of Paderborn (UPB)
Faculty for Electrical Engineering, Informatics & Mathematics
Electrical Energy Technology – Sustainable Energy Concepts

(EET – NEK)

Research area:
Sustainable Generation 
and Use of Energy

 Energy efficient buildings
 Wind power monitoring
 Decentralized energy systems 
 Virtual energy storage
 Load shifting via remote control of loads
 Yield prediction & optimization of PV
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Prof. Dr.-Ing. habil. Stefan Krauter

1998 Dipl.-Ing. for EE at University of Technology Munich
1993 Ph.D. at University of Technology Berlin
1996 Founder of SOLON AG (manufacturer of PV modules)
1998 Habilitation at University of Technology Berlin
1999 Founder of Rio-Solar Ltd (design & set-up of PV systems)
1998-2006 Visiting Professor at Federal University of Rio de Janeiro

(lectures, set-up of RE-lab, chairman of events RIO 02-15)
2006 Co-Founder of Photovoltaic Institute Berlin 

(Testing & certification of PV modules & systems)
2008-2010 Professor at University of Applied Sciences Biberach
Since 2010 Professor & Chair at University of Paderborn,

Vice-Director of Competence Center for Sustainable 
Energy Technology (KET)
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First applications of PV (PV 1.0):
Space & science fiction & remote power supply

Important:
Far away from
electrical grid
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Market for autonomous PV systems
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1 PV generator, 2 Junction box, 3 Inverter, 4 kWh-counter for 
consumption and PV injection, 5 grid connection, 6 local loads

PV 2.0: Grid-connected PV systems
Important:
Effective Feed-In
Legislation
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PV grid-connected houses in Freiburg, Germany
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PV in the urban environment: Solar Façade (Berlin 1990, 17 kW)
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Solar modules also serve as shading elements: 
Energy saving for air-conditioning!
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Grid-connected PV on Munich airport (2.2 MW)

Source: MUC
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11 MW PV power plant in Cerpa, Portugal

Source: EU
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Record Grid-PV (21/7/2013): 24.7 GW 
(more than all German nuclear power plants together - ever)

Source: SMA & EEX Transparency
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Load curve & PV electricity in Germany
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Since 2012: 
PV electricity cheaper than consumer tariff
Cost reduction values achieved 8 years ahead of time

Source: Hoffmann 2000, Krauter 2010

Costs for
electricity supply
(grid & PV)

PV
Peak load
Base load
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Feed-in-Tariff (FiT) vs. electricity price in Germany
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PV 3.0:
Electricity 

market 
dominated 

by PV

(Rest is back-up 
only)

Crucial:
Free access to 
the grid and the 
control power 
market!
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PV cumulative global installed capacity 
until 2014 (in MW)

Source: Solar Power Europe (EPIA) 2015
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Annual production & PV technologies shares

Source: Fraunhofer ISE 2015
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Instalação de capacidade eólica accumulada no mundoGeneration cost of PV 

in Brazil (incl. import etc.):

2000: 0.40 $US/kWh

2015: 0.08 $US/kWh

Development of PV costs
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1. “Long” time ago (2000-2010): 
Production & Installation in Germany

2. Until recently (2010-2012): 
Production in China
Installation in Germany

3. Now: 
Production in China/Taiwan/Japan
Installation in China, Japan, USA, Indonesia, 
Middle East, S-America, Africa

New Non-FiT Markets
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Development of PV production by region/country 

Source: Fraunhofer-ISE, Navigant Consulting 2015
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Novo trend: Aguento o nível de autonomia nas casas

Instalação de capacidade eólica anual no mundoGerman case:
For Brazil 100% can be achieved



Prof. Dr. Stefan Krauter
RiO 15 –International Climate & Energy Event, 4th of September 2015 

page 27

New Markets: Subsitution of Diesel 
power plants (500 GW) by PV

Source: C. Breyer, RLI, 5th ARE Workshop Academia meets Industry, 27th EUPVSEC, Frankfurt 2012
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Source: C. Breyer, RLI, 5th ARE Workshop Academia meets Industry, 27th EUPVSEC, Frankfurt 2012

Cost comparision: 
Substitution of Diesel gen-sets by PV
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Thank you for your attention !
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Development of conversion efficiency

Capacidade das usinas novas

Capacidade das usinas 

desligadas e desmontadas
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Actual (8/15) share of grid-connected PV in Brazil

Exponential growth to be expected !

Source: ANEEL 2015


