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The year 2000 was a remarkable milestone for the
German grid-connected PV market as the introduc-
tion of the Renewable Energy Law (EEC) in combi-
nation with the existing 100,000 roof program lead
to an explosion of the market for grid-connected PV
systems. With all positive aspects such as the forma-
tion of new PV companies, job creation and of
course the installation of a huge number of PV sys-
tems. But there is also one negative aspect: higher
prices for (he modules due to production bottle-
necks. Also the Municipal Utility of Karlsruhe
(SWK) commits itself since long time on the sector
of renewable energy especially PV. Seine of these
activities are described at the end of this paper.

The 100,000 Roof Program

After the 1,000 roof program (1990-1995). the 100,000
roof program, initiated at the beginning of 1999. was
the first program in Germany for real market penetra-
tion of grid-connected PV systems. Installations from 1
to 5 kWp are supported with loans of DM 12.S25 per
kWp, bigger systems with DM 6,413 per kWP together
with an actual interest rate of 1.91% p.a. eff. and a
duration of 10 years (interest rate of the program is up
to 4.5% less than the actual common interest rate and
varies). It is planned to stop this offer at the end of
2003 with an approach to reach 300 MWP installed
capacity within the program. But even the low interest
rate of this program was not able to stimulate the mar-
ket of 1999 in a high degree, as the refunds for feeding
the energy back to the, grid were quite low and far away
from economic operation of the systems.

The German Renewable Energy Law (EEG)

The situation of refunds for feeding energy back into
the grid changed dramatically with the introduction of
the EEG in 04/2000 which grants a refund of DM 0.99
per kWh for PV systems (duration of 20 years). This
refund will be lowered by 5% each year for new in-
stallations stalling in 2002. The approach is :o reach
more than 350 MWP installed capacity. At this time the
EEG has to be discussed again. The refund will he pin
on all operators of the grid so there will he no subsidies
or injustice between the operators. The support for the
renewable energies wilJ be paid by a'H customers of
electrical energy. Looking at the results on wind energy
markets the concept of price regulation (feed-in law
Germany, Denmark, Spain) seems So be the niosi ef-
fective approach for a big market penetration compared
to countries with quantity regulation {call for tenders -
France, Ireland, Great Britain). The second ones have
better wind sides but only one perceni installed capac-
ity.

Picture 1: Total installed grid-connected PV capacity.
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Picture 2: Annually installed grid-connecied PV capacity

Results of Market Penetration

As mentioned before, the combination of the low inter-
est rates in the 100,000 roof program together with ilfcie
EEG lead to an explosion of the PV market in Ger-
many. With this boundary conditions the customer was
able to participate in the generation of renewable en-
ergy with only a small amount of capital resources.

The good support conditions resulted in an additionally
installed capacity of 40 MWp grid-connected system?
in 2000 versus 12 MWP in 1999 (picture 1 and 2) re-
sulting in approx. 100 MWP installed capacity in total.
Following the predictions of the DFS [1] the approach
of 350 MW|. total installed capacity will be reached t:n
2003.

The 100,000 roof program had to be interrupted due to
an increase of applications by a factor of 10. The KAV
(Bank for Reconstntction) increased the funds for ncxi
three years to 65 MW,. (2001), SO MWr (2002) and 9:
MWj> (2003) and set up an alternative equity line with
an interest rate of 3.95% p.a. eff.

PV Infrastructure

More interesting than the actual' numbers of M\VP"s fin
the future should be the restructuring of the German
PV industrv and the I*V infrastructure.
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Although the bigger companies left in the early 90ies to
build up production lines in the United States the Ger-
man PV industry lias recovered quite well. 15 MWP or
more than 30% of the newly installed capacity in 2000
was produced in Germany. It is planned to increase the
production up to 30 MWP in 2001.

Instead of a few big companies, the industrial infra-
structure is now dominated by a larger number of me-
dium sized industries (sometimes subsidiaries of well
know companies) covering not only system technology
like inverters, mounting structures and modules but
also the production of solar silicon, silicon wafers and
cells. The number of involved companies and planned
production lines will increase in the near future. Many
Federal States of Germany support the settlement of
those high-tech companies with additional funds espe-
cially in the former eastern part of the country.

In a long term range the industry favors thin film-cells
for a better usage of the available resources. New pro-
duction lines for modules with thin film-cells are
planned in the range of 90 MWP/a. In the same time
scale the production lines for silicon modules should
reach more than 150 MWP/a.

As there are production lines for solar silicon and sili-
con wafers since 1997 in Germany, the well known
problem of silicon feedstock should be avoided in the
future. As new companies are formed and old one will
increase their production the output of silicon wafers in
the near future should reach around 90 MW/a. Not
enough for the planned modules but a dramatically
increase in respect to the years before.

The turnover for this industrial sector has tripled from
1999 to 2000 (DM 200 Mio to DM 600 Mio). PV in-
dustry nowadays has become a market factor, a small
one of course, but this could change in the future re-
garding all the side effects connected to this technol-
ogy.

System Cost

Actually the cost for a grid-connected system are given
by DM 15,000 / kWP for a 3 kW system and around
DM 14,000 / kWP for a 10 kW system. Compared to
ten years ago, the system cost have halved themselves.
Ideal implementations can reach down to DM 12,000 /
kWP (FHG-ISE), which of course can not be realized in
the actual situation because of 20% higher module
costs due to production bottlenecks. After the first run
these costs should come down to the level before or go
even lower because of the newly installed production
lines.

Stock Market

To get a feeling of the future potential of the market,
one should take a look at the stock market. Not good
for high-tech companies in the moment and a disaster
for most of the IPO's. Nevertheless, all IPO's of com-
panies involved in renewable energy and/or the PV
sector were successful in Germany during the last
months - even under very bad conditions of the mar-
ket. May be one can derive that the market players are
looking into the future a little bit more hopeful for this
sector than for others, so should we.

Stand-Alone Systems

Besides the bigger market for grid-connected systems,
an interesting segment of the PV market has developed
quite well: the market of PV stand-alone systems and
service applications. Between 1990 and 1995 the stand-
alone market had a percentage share at the total PV
market of about 5-8%. This changed in 1995 from
where the percentage share of the stand-alone market
was increasing drastically. The major reason for this
change were not the high number of pilot installations
for isolated sides like alpine huts or remote farms, but
the start of the mass market for small stand-alone in-
stallations that were economically competitive in the
market.

•Those applications like the illumination of bus-shelters
and park-vending or ticket machines profit from the
basic rates that have to be paid for a connection to
electrical grid. This annual charge was often more
expensive than the annual consumption fees.

This market of small stand-alone systems is a free
market without subsidies that will grow rapidly during
the next years. Not only in Germany but all over
Europe if we take a look at PV pumping systems and
PV powered recreational boats in the Netherlands for
example. The percentage share a! the total PV market
after 2000 in Germany of course will slow down due to
the positive influence of the EEG on grid-connected
systems.

Picture 3: Total installed grid-connected and stand-alone PV
capacity in Germany.
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The Metropolitan Utility of Karlsruhe

There is a long history of the metropolitan utility of
Karlsruhe (Stadtwerke Karlsruhe GmbH - SWK) in
supporting renewable and innovative energy technolo-
gies. Besides a fixed yearly fund of about DM 750,000
for RD&D and support of renewable and energy effi-
cient technologies, there are a lot of initiatives and
projects on this field. Not only covering PV but also
Wind Energy Converters, Small Hydro Power, Solar
Thermal, Biogas and Fuel-Cells. The most important
projects in the field of PV-technology are described in
more detail as follows.

The PV-Roof Joint Enterprise

The results from a direct financial support of smaller
private PV-systems in the years before the EEG (2000),
showed a lack of interest - may be because of the high
investment costs of grid-connected system in the range
of 1 kW and above. This has slightly changed after the
EEG (18 systems in total in 04/2000 versus 33 in
04/2001). nevertheless the total number of private
installed systems is quite low. But as a lot of inhabi-
tants are interested in supporting renewable energy and
especially PV are not the owner of a house or a suitable
roof, the SWK initiated the PV-Roof program in 1999.

This program is a joint enterprise between the utility
and the customers, who can buy shares of the system of
an equivalent of 100 Wp or DM 1,300. The customers
profit from the EEG, as they will get DM 0.99 for each
kWh produced. Due to the lower individual investment
cost - typical installation cost for private systems of 1
kWP is more than ten times higher - the program was
accepted very well and the shares were sold out fast.
These results are mainly based on the smaller invest-
ments, as the first part of the PV-Roof, installed before
the EEG, was also sold out quite fast. Together with
the EEG, the customers will get almost an amortization
of their investments during the lifetime of the system
(25 years contract, return on investment of approx.
7,7%/a).

The PV-Roof is situated on the top of the building of
the SWK. On this area of approx. 1,200 m2 the PV-
system can be arranged perfectly in alignment regard-
ing the direction and shading. The actual size of the
PV-Roof is 40 kWP (390 nr / 426 modules produced
by Siemens) which has been expanded to 50 kWP dur-
ing spring 2001. In 2000, the first year of complete
operation, the system had a performance ratio of 81 %
and an output of 260,000 kWh (system was expanded
during this year). This was 30% better than expected,
thus the PV-Roof of the SWK is one of the best per-
forming PV-Roofs in Germany.

Picture 4: The PV-Roof at the building of the SWK.

PV-Schools

In addition to their own PV-Roof program, the SWK
initiated a competition among the schools of Karlsruhe
titled "Sun in School". The three winners were sup-
ported with DM 160,000 in total for the installation of
three 3 kWP PV-systems in their schools. A self contri-
bution of DM 500/kWp by each school had to be or-
ganized by students themselves, as there is no public
available money in this case.

This wai a complete new concept of combining educa-
tion and the support of renewable energies in Karlsruhe
as the participants had to develop an ecological and
educational concept for their school which was as-
sessed by a Jury consisting of different public institu-
tions.

Besides a monitoring and visualization system the
program consists of a variety of different activities like
information-days and publications by the students on
their web-pages. Still remains to mention that of course
the schools do not profit from the EEG. as the systems
have been almost paid by the SWK.

EEG and In-House Installations

One should also mention in this connection, that it is
common practice in Germany to grant the refunds of
the EEG even for installations feeding the electrical
energy to the in-house grid.

In this case only some peculiarities participate to heed:
a meter from the utility has to be installed directly at
the systems output, a reduction of approx. 2-4% has to
be made on the kWh's as the system has no losses
resulting from the grid interconnection and the counted
kWh's will be added to the customers bill as this en-
ergy will replace the buying. Otherwise this would lead
to a double-reimbursement.

This practice is often used to avoid disproportionateiy
investment costs for the special interconnection needed
to feed into the public grid.



100 kW PV system at the ZKM R,,,ul Tariff Option

The ZKM PV system was implemented in 1997 on the
roof of the Center of An and Media Technology
(ZKM) in Karlsruhe. The system has a size of 100 kWP

distributed over five subarrays on the older part of the
building and a new construction called '"KUBUS"
covering an area of 1000 nr in total. Partners in this
project were the SWK as coordinator, the University of
Karlsruhe (UKA-IEH) and the Fraunhofer Institute for
Solar Energy Systems (FHG-ISE). The demonstration
project was supported by the European Commission
(SE 34/94 DE) inside the THERMIE program.

There are two innovative design aspects worth to be
mentioned: the direct DC coupling of the PV system to
feed the local tramway at a voltage level of about 850
VDC and the architectural integration with the addi-
tional use of daylighting respectively shadowing for the
exhibition area.

For this type of installation complete new design crite-
ria for large scale high voltage direct coupled PV DC-
systems had to be developed. As there were no mod-
ules available being certified for a voltage level of
nearly 1000 V[)r, all types of modules used had to be
tested individually. The second problem were the mis-
match effects in coupling directly to a strong and fluc-
tuating DC grid via a galvanic connection. A small test
installation showed energy losses of less than 3% in
comparison to approx. 8% using an impedance con-
verter or AC grid connected inverter.

The avoidance of any inverter has proven an increase
in reliability and energy production. Since starting up.
the system has delivered 260,000 kWh since start up
(05/98 - 05/01) without the use of MPP-tracking.

The architectural integration is not only useful for an
harmonization of architecture and technology but is
alio used to control the light for the exhibition area.
Without the use of frameless PV modules for shadow-
ing the southern parts of the rooftop windows there
would have been the need for additional shadowing
systems. This can be seen as a cost reduction factor to
the PV system via building integration.

1'icliirc 5: l>V-RiK>f at the Z"KM "Kl IHUS"

Besides the direct support for PV-projects and initia-
tives, the SWK has a tariff option called Rptas for cus-
tomers willing to support renewable energies by adding
a fixed amount of DM 0.08 to their cost for a kWh of
electrical energy. This offer was introduced in 1998
and can be used in steps of 10 k\Vh, starting at a mini-
mum of 20 kWh per month up to the complete con-
sumption of electrical energy. For a better comparison,
.the average cost for a kWh of electrical energy in the
standard tariff for a private household is around DM
0,235. The Rpius option actually is one of the most eco-
nomic renewable energy tariffs in Germany.

The renewable energy for the Rpios tariff is produced by
locally installed Wind-. PV-, Biogas- and Hydro-
systems. Approx. 5 Mio. kWh/a of renewable energy is
available, of which 920.000 kWh/a are already ordered
by 800 customers of RP|US. More than half of them or-
dered their complete electrical consumption via Rplus.
There is a lot of space left for a further expansion of
this or an equivalent program in the future.

The customer is not only guaranteed to receive locally
produced renewable energy - which is controlled by an
independent expert - but there is also a guarantee for
spending the surpluses of this program for investments
in new renewable energy generation. As an example, a
part of the PV-Roof program was, and an investment in
a new Wind Energy Converter (WEC) will be financed
via RP,,,,.

Linked Projects

There are several projects linked to the PV activities of
the SWK. The one to be mentioned is a project called
EDISon. one of the first lead-projects supported by the
Federal Ministry of Economics and Technology •
(BMWi) in the field of energy. Acting as one of two
coordinators, ihe SWK together with 16 partners (utili-
ties, system suppliers as well research laboratories) is
working on this lead-project covering a wide scope of
activities from R&D to Demonstration with a focus on
the users needs in terms of economic and technological
aspects.

EDISon was initiated to carry out investigations on the
integration of decentralized generation, storage and
control systems into the existing grid also covering
renewable energy technologies such as WEC's an PV.
To integrate a large number of decentralized energy
technologies it is foreseen to integrate an innovative
communication system between the systems itself and
the decentralized energy management system.

11] Handouts of the DFS (Deulsclwr Fachverbuni!
Soldi cncrtiie c. I'.): www.dfs.solarfirmen.de.

(3] Handouts of the SWK on PV technology:

u w '.\. >i;idlw cike-karlsruhe.de .
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