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ABSTRACT: Since 1999, the German photovoltaic market has been growing rapidly. In 2003, more than 130 MWp PV systems were installed in Germany; in 2004, more than 200 MWp are expected to be installed additionally. The main reason for this impressive market success has been the market stimulation policy of the German government. In January 1999, the 100,000 Roofs Programme for photovoltaic systems had started, offering interest-reduced loans for PV systems. In April 2000, it was backed by the Renewable Energy Sources Act (EEG), which considerably increased the feed-in tariff to 99 Pfennig (0.51 €) per kWh. Since then, the PV market has boomed. In 2003, the 100,000 Roofs Programme (HTRP) ended successfully, after loans for more than 300 MWp PV systems had been granted. In order to fill the gap created by the termination of the programme, the government decided to increase the feed-in tariff provided by the EEG. Since January 2004, grid-connected PV systems on roofs and facades receive a tariff between 0,540 € and 0,624 € per kWh over 20 years. This improvement of the EEG further increased the interest in photovoltaics. The growth rate of the photovoltaic market, exceeding 50% in 2004, has led to the demand being higher than the available supply of PV systems.

1
AIMS OF THE PHOTOVOLTAIC MARKET DEVELOPMENT POLICIES

Limited resources of fossil energy sources, as well as the drastic consequences of global climate change, force us to develop alternative ways of energy supply. The economic development of the world’s most disadvantaged areas demands the electrification of rural areas. Only renewable energy sources offer a sustainable energy supply. Several studies show that the combination of different renewable energy sources accompanied by reduced energy consumption is able to deliver the energy needed in tomorrow’s world. 

Photovoltaics with its huge potential plays an important role in the scenarios of sustainable energy systems. In order to make photovoltaics a major electricity source, it is necessary to establish the market, develop the technology, support the industry and reduce the costs of photovoltaics. This process will take several decades and has to start very soon for solar electricity to be available in time, in sufficient amounts and at acceptable costs. Therefore, in 1999, the German government started its market launch policy for photovoltaics with the 100,000 Roofs Programme and supplemented it in 2000 with the Renewable Energy Sources Act (EEG). The programmes and their results are described below.

2
100,000 ROOFS PROGRAMME

2.1
Guidelines and structure

1 January 1999, the German Government launched the 100,000 Roofs Programme (HTRP) for PV systems, aimed at stimulating the installation of 100,000 grid-connected PV systems totalling 300 MWp within 6 years. In the beginning, the programme granted loans at a “reduced” interest rate of 0% for PV systems and a waiver of the last instalment of up to 12.5% of the investment. In total, this corresponds to a subsidy rate of about 35%. In order to receive the loans granted by the German KfW (Kreditanstalt für Wiederaufbau, Reconstruction Loan Corporation), the investor had to make a request via his own bank.

Under the above-described conditions, the total amount for subsidies within the HTRP amounted to some one billion Euros, which was to be paid by the government over the loan period.

The HTRP was innovative because of the following aspects:

· The aim of the programme was very high compared to the market dimension of about 10 MWp in 1998, and gave the market and the industry a long-term perspective over 6 years.

· The programme provided for an annually growing loan budget, which was able to meet the demands of a yearly growing market. 

· The administration of the programme was efficient thanks to the use of existing bank structures.

· The payment of subsidies was distributed over an extended period of the payment of the instalments.

2.2
Aims of the programme

The market launch policy of the German government has the following aims:

· Developing the PV market and increasing the share of photovoltaics in overall electricity production, thereby reducing CO2-emissions.

· Developing a strong PV industry in Germany by stimulating the demand for PV systems, thereby creating new jobs and increasing the competitiveness of the German companies on the world market and attaining a high level of technological know-how.

· Reducing the costs of PV systems by enlarging the production and use (economies of scale).

2.3
Results in 1999

In 1999, the HTRP stimulated the PV market, however, not to the expected degree. Instead of 18 MWp PV systems, only 3,522 PV systems totalling 8.9 MWp were financed by the KfW. On the one hand, a 35% subsidy was not seen as very attractive by the public, and on the other hand, it took a lot of time to promote the programme through the banks, who often failed to support the programme.

By the end of 1999, it had become clear that the attractive​ness of investing in PV systems had to grow in order to reach the envisaged goals. Therefore, the HTRP was bolstered with a significant increase of the feed-in tariff for electricity from PV. As the amendment of the feed-in-law (Stromeinspeisegesetz) was in discussion at the time, the increase of the feed-in tariff for PV was integrated. The PV sector demanded a cost-effective tariff, which was calculated at that time at about 0.90 € per kWh. Given the subsidy of the HTRP, the feed-in tariff was fixed at 99 Pfennig (0.51 €) per kWh. On 1 April 2000, the feed-in-law was implemented under the new name Renewable Energy Sources Act (EEG).
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Figure 1: Development of the German PV market [1]

3
RENEWABLE ENERGY SOURCES ACT (EEG)

The EEG regulates the feeding-in of electricity from all renewable energy sources (RES) into the grid. Just like the feed-in law has been prescribing since 1991, the utilities are committed to 

· connecting RES plants to the grid,

· favouring the feed-in of electricity from RES,

· purchasing the electricity from RES with fixed tariffs over a fixed period of time.

3.1 Feed-in tariff for electricity from PV

The EEG from 1 April 2000 contained the following regulations as to PV systems: 

· Investors receive 99 Pfennig (0.5062 €) per kWh of electricity fed into the grid. 

The remuneration is paid for 20 years, starting from 1 January of the year following installation, including the rest of the year of installation.

· PV systems installed before 1 April 2000 also receive the remuneration over 20 years.

· The feed-in tariff for PV systems installed in 2002 is reduced by 5% (0.481 €/kWh), and by another 5% (0.457 €/kWh) for systems installed in 2003.

Feed-in tariffs are limited to the following year with installations exceeding 350 MWp (50 MWp installed before 1999, plus 300 MWp under the HTRP), than the parliament having to decide over a new tariff.

3.2 The results of the EEG in 2000

In comparison to the former feed-in tariff of about 0.085 € per kWh, the economic situation for investors in PV systems was dramatically improved from 1 April 2000 on. Therefore, the applications filed for loans from the HTRP increased drastically in February, March and April 2000. In March 2000 alone, applications for some 66 MWp were submitted. In 2000, applications for about 98 MWp were filed. As this was much more than the expected 27 MWp, no more applications were accepted from April 2000 onwards. Following long discussions, the guidelines of the HTRP were changed and the programme could finally continue in October 2000.

3.3 The new guidelines of the HTRP in 2000

The great demand in spring 2000 resulted in two important changes of the HTRP: the subsidy was reduced and the market development goals were raised. Starting 24 May 2000, the interest rate was increased to 1.9%. The payment of the last instalment was not remitted any longer. In addition, the amount of the loan was limited to 13,500 DM (6,900 €) per kWp for the first 5 kWp and to 6,750 DM (3,450 €) per kWp for every kWp exceeding 5 kWp.

In addition, the duration of the programme was reduced in order to allow a faster market growth. Follow-up goals were set: 50 MWp in 2000, 65 MWp in 2001, 80 MWp in 2002 and 95 MWp in 2003.

In fact, in 2000 applications of 50 MWp were allowed, but according the long time between application and allowance and the reduced subsidies in the HTRP, a huge amount of investors cancelled the HTRP loan and finally didn’t invest in PV. In the end, 36.6 MWp were installed in 2000, which was more than twice the amount installed in 1999.

3.4 Market development in 2001 and 2002 

In 2001 and 2002 a typical demand over the year was registered. The number of monthly applications rose from January to May and remained stable at a high level until October/November. The high interest at the end of the year was driven by the reduction of the feed-in tariff of 5% for systems installed in the following year. 

The applications rose from about 71 MWp in 2001 to 91 MWp in 2002. As a result of remaining applications and unused loans of the year 2000, in 2001 75.9 MWp instead of the planned 65 MWp could be financed. However, in 2002 the budget was limited to 80 MWp, and in fact 78.1 MWp were financed through the EEG. This means that the market only experienced a marginal growth.

One important change to the EEG was made on 7 June 2002, when the parliament decided to enhance the limit of the feed-in tariff of 350 MWp to 1,000 MWp. It was expected that the industry would no longer invest in new production lines and that the banks would refuse to continue financing investments, if there was not going to be any security about the continuation of the EEG. 

Table I: Applications and allowances in the HTRP [2]


Applications

Allowances
Year
in MWp
No

in MWp

1999
10.9 
3,522
8.89

2000
98.2
7,819
36.61

2001
70.7
19,326
75,87

2002
91.1
15,191
78,05
2003
192.5
19,882
146.07

Total
463.4
45,858
345.50

3.5 The final year of the HTRP

In 2002, the discussion started about the amendment of the EEG, as had been scheduled in 2000. Politicians and the PV branch agreed that the HTRP should not be prolonged due to the problem of financing the subsidies and due to the effect that the HTRP often appeared to slow down market development. The PV branch called for compensation of the HTRP by an increased feed-in tariff for PV within the EEG. 

In 2003, there was a heavy political discussion about the future support for renewables and the amendment of the EEG. Especially wind energy was criticized. However, this caused a feeling of insecurity among the public about the future support of renewables, resulting in a lot of people wanting to participate in the HTRP at the last moment.

Due to the very fast increase in the number of applications, it was decided to stop the programme at the end of June. This resulted in a run on HTRP loans. In the end, applications for about 192 MWp were filed. Due to an expansion of the programme, a total of 146.1 MWp was finally accepted.

In total, from 1999 up to 2003, 45,858 PV systems with 345.5 MWp were subsidized in the HTRP within loans of 1.72 billion Euros.
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Figure 2: Monthly applications filed for loans in the 100.000 Roofs Programme [2/calculations: BSi]

3.6 “PV-Vorschaltgesetz”: The follow-up of the EEG

To compensate the HTRP means to increase the feed-in tariff for PV systems to a cost-effective level. The calculation of the cost-effective tariff depends mainly on the solar yield (i.e. how many kWh will be produced and fed into the grid) and on the total cost of the system (i.e. the price of the system itself plus financing and service costs). The BSi has developed a calculation method for the cost-effective tariff under the requirements of an average income return of 6.5% per year of the invested capital. For the average solar yield in southern regions of Germany, the feed-in tariff was calculated at between 0.49 € and 0.59 € per kWh according to the size of the system, which directly corresponds with the purchase price of the system per kWp.

In autumn of 2003, it became evident that the amendment of the EEG would be decided upon in spring or summer 2004. After finishing the HTRP, the PV branch expected a dramatic slump in the PV market in 2004 until the adoption of the EEG amendment. To avoid this critical situation, in November 2003 the parliament passed the amendment of the PV part of the EEG and adopted the “PV-Vorschaltgesetz” (preliminary act), which regulates the new PV feed-in tariffs starting 1 January 2004.

The tariffs differ depending on the size of the system and to whether they were installed on top of a building, in the façade of a building or as free-range systems. 

For PV systems on top of buildings the tariff depends on the size. If the PV system is installed in the façade, an additional grant is given in order to stimulate the building-integrated PV market, too. In order to reduce the number of cases to be differentiated, there is only one tariff for outdoor installations.

The PV free-range systems remain at the same tariff as before (0.457 €/kWh), but the limit of 100 kWp per system, which has been in effect since 2000, was abolished. Now, Megawatt-sized plants are eligible, which permits raising PV funds.

Table II: Feed-in tariffs since 1 January 2004



30 kWp
 per kWh
< 30 kWp
-
> 100 kWp


100 kWp


On top 

of buildings
0.574 €
0.546 €
0.540 €

In façades
0.624 €
0.596 €
0.590 €

Free-range

0.457 €

4 THE RESULTS OF THE EEG AND THE HTRP

After five years of HTRP, the results of this PV market launch programme demonstrate how successful this policy has been. 

4.1 Building up the PV market

In 1998, 9.5 MWp grid-connected PV systems were installed in Germany. In 2004, the installation of more than 200 MWp is expected. More than one billion Euros of investments in new PV systems will be made. 20,000 PV systems were installed in 2003. A lot of installers have discovered a new market.

4.2 Building up the PV industry

After creating the market demand, investments were made in enlarging existing production lines and building up new production lines. Today, German companies are active in every production step, they produce silicon, wafers, solar cells, modules with crystalline cells and thin film modules. German companies are also active in all BOS fields: inverters, battery chargers, mounting systems etc. Together with Japan, the German PV industry is the fastest growing PV industry worldwide. Until 2003, about 10,000 jobs had been created in the PV industry: in production, trade and installation of PV systems.

4.3 Reducing PV costs

Since 1999, the price of PV systems has decreased by more than 20%. New products are making it easier and cheaper to mount systems; economies of scale are reducing production costs of solar cells and modules, the growing experience of the dealers and craftsmen permits them to reduce their costs. The German industry is expecting a further decrease of costs of 5% per year, should the market keep on growing.
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Figure 2:
Development of costs for PV Systems 
in the HTRP [2]
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Figure 3:
Development of the average size of PV systems in the HTRP [2]

5
SUMMARY

Since 1999, the German government has been following a consistent market launch strategy for PV. By market pull effect, huge investments of more than one billion Euros in new PV factories were triggered. A PV industry is being developed and thousands of new jobs are being created. In parallel, research and development have been intensified and technology and know-how have been developed. Germany has conquered the second position behind Japan out of all PV markets worldwide. This success demonstrates the effectiveness of the feed-in tariff system.
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