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Energy Policy Instruments for Photovoltaic Power 
Generation

Source: Illustration according to data from REN21 (2008), HEBE (2009), IEA (2008d)
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Introduction and Motivation

MotivationMotivation

• Feed-in tariffs for 2009-2012

• Residential PV as costliest 
among the EEG-supported 
technologies

• Learning by doing (LBD) as 
expected benefit

• Recent studies: 
- Aggregated cost-benefit 

analyses for EEG 
(BMU, 2008)

- PV-specific: orient to feed-in 
tariffs in the past 
(Frondel et al., 2008)
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Installed PV Capacities in Germany

Source: Photon (2007)
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The German Renewable Energy Sources Act (EEG)

• Fixed feed-in tariff for 20 years 

• Choice between feed-in tariff or bonus for self-supply

Remuneration scheme for small-scale rooftop systems

Source: Own illustration
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Technological Change

Invention Technology 
DiffusionInnovation

Stages according to Schumpeter (1934):
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The Model  - Scope and Design

• Partial cost-benefit model 
(does not consider PV’s employment effects and security of energy supply)

• Model period: 2009 - 2030

• Grid-tied PV installations

• Residential PV-systems (<= 10 kWp)1

- Historic data available
- Relatively homogeneous investment conditions and technology (mSi, pSi)
- Costliest sector
- Considerable market share of approximately 40% of total German installed 

capacity (Staiß, 2007)

• EEG-bonus for domestic use not included (higher capital costs owing to 
fluctuating household electricity prices)

1 PV capacity is measured in kilo Watt peak (kWp), being defined as the power of a module under standard testing conditions (STC) of 1,000  Watt/m²
of irradiance, at 25 degree centigrade cell junction temperature on a solar reference spectrum of air mass 1.5.
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Objective Function
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Learning-by-Doing and Consumer Benefit

Welfare Learning coefficient PV panels (global learning)
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Demand Specification

Demand specification according to Benthem et al. (2008):
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Data and Parameterization
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Feed-in Tariffs (Base Case)

-18.4%

Feed-in tariff in 2009: 0.375 €/kWh  reduction against 2008: 19.8%
 12.8% below EEG level
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Demand (Base Case)
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PV System Costs (Base Case)

BOS: -35% 
(Δ=0.49 €/Wp)

Panel: -61% 
(Δ=1.62 €/Wp)
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Social Costs and Benefits (Base Case)

NPV of residential PV promotion‘s net social costs (2009-2030): - 2.014 bn €

/ Benefits
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Scenario Description (I/II)

• Scenario 1: “Economic Growth“

Input Parameter Scenario 1 Base Case (BAU)
Investor-specific discount rate i 5.8% p.a. 4.8% p.a.

Retail electricity price pel,t Growth rate of 3% 
p.a.

Nitsch (2008), 
price path B (moderate)

Annual market growth for crystalline 
PV panels gPanel

20% p.a. 15% p.a.

Avoided external cost Cext 0.05 €/kWh 0.034 €/kWh
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• Scenario 2: “A Bright Future for PV”
- Favorable environment for PV as a fledgling technology (cost competitiveness in 

high solar irradiation regions)
- Thin-film technologies penetrate into the market for residential PV installations
- Higher  progress ratio for 

thin-film technologies
(PR=0.7)

- Lower discount rate
(3% p.a.) and increased
external costs
(cf. scenario 1)

Scenario Description (II/II)
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Scenario Results
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Results show that the EEG’s current feed-in tariffs for residential PV 
are too high

Results (contd.)Results (contd.)

• PV‘s welfare effect strongly 
depends on the chosen scenario

• In the positive scenarios, 
residential PV reaches grid-parity 
until 2030

• Sensitivity Analysis:
- Welfare effects are primarily 

influenced by 
- Learning effects
- Discount rates

- Demand is primarily influenced by 
- Demand parameter calibration
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ConclusionsConclusions

• Residential PV’s current 
promotion scheme in Germany 
according to the EEG should be 
reconsidered

• Induced regional learning effects 
in PV equipment production are 
limited

• Employment effects and aspects 
of security of energy supply have 
not been taken into account

• Real options approach: 
accumulation of knowledge and 
value of PV as strategic 
technology deployment?
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