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Energy Efficiency by Means of Architecture and
Engineering: The Bavarian State Collection of Zoology
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Abstract

The Zoologische Staatssammlung M unchen (ZSM) is one of the major German
research institutions for zoological systematics. ZSM with over 20 million zoological
objects, is one of the largest zoological collections in the world. The main aims of the
institute are to save and protect the zoological objects and the enormous biological
information associated with them, and to make this information available to the scientific
and genera public.

ZSM is housed in a building which was finished in 1985. This building was designed
for good storage of the collection. We show how ZSM with its special features uses energy
in away that is as far as possible eco-friendly and economical. We want to give this as an
example of an energy-saving building in its social context.

The building is very low and there are two floors, one floor sightly below the surface,
the other below this. The central power station was finished in 2006 and is equipped with a
facility for cogeneration to simultaneously generate both electricity and useful heat, heating
pumps and a computerized central control system. An important feature is the possibility to
use groundwater for heating and cooling.

Keywords: energy saving, green energy, cogeneration both electricity and heat, natural
history collection

In this paper we want to introduce the building of the Bavarian State Collection of
Zoology (Zoologische Staatssammlung M iinchen, ZSM)* with its special features which
help to use energy in away that is as far as possible eco-friendly and economical. We want
to give this as an example of an energy-saving building in its social context.

ZSM is one of the mgjor German research institutions for zoological systematics. With
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over 20 million zoological objects, ZSM is one of the largest and most historical zoological
collections in the world. Many of these specimens have been collected by the staff and other
collectors during the 200 years long history of ZSM. The main aims of the ingtitute are to
save and protect the zoological aobjects and the enormous biological information associated
with them, and to make this information available to the scientific and general public. The
science conducted at ZSM involves research on the taxonomy, phylogeny, and natural
history of animals, and the institute provides a suitable and sustainable depository for
zoological specimens (Liu, 2008).

ZSM is not a public museum, but organizes exhibitions in its corridors, public talks,
meetings of scientists, and provides guided tours especially for groups of students and
pupils, and thus contributes to public education (Liu, 2008, 2009). Furthermore, several of
the scientists of ZSM contribute to zoology and biodiversity teaching at Ludwigs-
Maximilians-Universitat. The director of ZSM personally occupies the chair of Zoology at
the university. Thus, although ZSM is not part of the university, it has close cooperation in
such things as teaching students for Bachelor, Master and Doctoral theses.

History of ZSM

The roots of ZSM go back to 1759, when Maximilian |11 Josef, Elector of Bavaria
(1727 - 1777) founded an academy of science which was obliged to collect natural objects.
In 1807 this academy was reformed and in 1811 the young zoologist Johann Baptist Spix
(1781 - 1826) was appointed by king Maximilian | Josef of Bavaria (1756 - 1825, the first
king of Bavaria) to be responsible for the zoological collection. Thisis generally considered
as the beginning of ZSM as a Bavarian institution. Johann Baptist Spix (later: J. B. Ritter
von Spix) made a famous expedition to Brazil (1817 - 1820) together with the botanist Carl
Friedrich Martius (1794 - 1868). They brought alarge collection of Brazilian material which
is now housed in ZSM and in the Bavarian State Collection of Botany and the Munich State
Museum of Ethnology (Fittkau, 1992).

Originally, ZSM was housed in a building called Wilhelminum in the centre of Munich,
together with a public museum and later the zoological institute of the university. This
building was destroyed in the second world war (Kraft & Huber, 1982). Fortunately most of
the specimens survived the war because they were deposited in safe places outside the city
like mining tunnels. Later, ZSM found temporary accommodation in a wing of Castle
Nymphenburg until the new actual building somewhat outside the city was finished in 1985.

Architectura Principles

The new building of ZSM was built from 1981 to 1985. Priority in the architectural
design was the good storage of the collection which has in the meanwhile grown to twenty
millions of specimens and which is of enormous value (e.g. Suarez & Tsutsi, 2004). The
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building is very low, there are two floors, one floor slightly below the surface, the other
below this (figures 1 and 4). Only the lecture room extends over the surface (figure 5). A
large block would not have been appropriate when there are surrounding small residential
houses (figure 3).

The working-rooms are grouped around two open circles (figure 2) with windows and
natural light, but without air conditioning. The storage rooms are next to the working rooms,
without normal windows, but with air-conditioning and an alarm system (figure 2). There
are 23 storage rooms (one of which is the library, and one extends over both storeys)
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Figure 2. The first floor plan of ZSM. Storage rooms marked in grey, the arrow points out
the main entrance.

Figure 3. Aerial view of ZSM
and surrounding houses. The X
show where the underground
water is pumped up and back
(photo: Erwin Lehmann).
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providing altogether 5,100 m?. The different storage rooms have different requirements for
temperature and humidity depending on whether they contain, for example, dry insects,
bones and furs or alcohol vials. Furthermore there are altogether 70 rooms for scientists,
technicians, laboratories, workshops and so on. Thus the whole area available for useis
about 11,000 ¥ (Fechter, 1992; Ruthensteiner, 1999).

For working efficiently, the working rooms and the corresponding storage rooms are
next to each other. The central facilities (administration, laboratories etc.) are at the crossing
centre of the two circles and near the main entrance (figures 2, 4 and 6) (Ruthensteiner,
1999).

Although there is amuch colder climate in Germany than Taiwan, many buildings need
more energy for cooling in summer than for heating in winter. The more or less subterranean
building of ZSM saves much energy as compared to a“normal” building above ground; also
most of the roof is covered by earth with grass. The whole construction benefits from the

Figure 4. Main entrance of
ZSM downward to underground
(photo: M. Mdller, in wintertime).

Figure 5. Roof of ZSM in summer showing Figure 6. View over one of the two circular

triangular top of lecture hall. courtyards, at the lower right the library;
behind the triangular top of lecture hall and
solar panels.
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heat capacity of the surrounding earth throughout the year. The ZSM building is quite well-
known in German architecture (e.g. Grub, 1990).

When ZSM was planned and built (1978 to 1985), it was aready a time of increasing
prices for energy; thus a gas heat pump was installed to save energy. At that time this was
gtill a rather new technique in Germany and this system had lots of problems in operation
and maintenance. After several changes and upgrading a completely new system was
installed in 2005/2006. Nevertheless we had already from that time a groundwater resource
for use. We can pump up water from a depth of about 10 m at one end of the ground, use
this for heating or cooling, and pump it back to the same underground level at the other end
of the ground (ca. 200m distance). Furthermore the heating system was built to be used at
low system temperatures, for which a heat pump is very suitable.

Of course, it is nowadays possible to design and construct new museum buildings with
modern energy-saving architecture which need considerably less energy than ZSM, for
example the modern Brandhorst Museum in Munich® which was opened recently (Ottitsch,
20094).

Lega and Socid Framework

To understand the whole situation, it is necessary to know the general legal and socia
situation in Germany. There is nowadays a strong socia agreement to save energy and to
support “green” energy techniques like solar energy in Germany. Furthermore, thereis a
trend towards growing economic liberalism, but many things are strictly regulated. It should
be added that there are a number of different means of financial support for “green” energy
from cities, states and the federal government in Germany, but it is beyond the scope of this
communication to list them.

Political hierarchy: Most laws in Germany are valid for the whole federal republic
(Bundesrepublik, BRD), but there are also laws made by the European Union, and by the
states (i.e. parts of BRD, in our case Bavaria). Also the cities have certain powers, such as
controlling the use of the groundwater.

Each of the different tiers can and does contribute to energy saving. For example there
is a program of the city of Munich (and many others) to support financially private people
who install solar panels on their own roofs. As an other example, the actual energy-saving
law of the BRD (“Energieeinsparungsgesetz”’) was necessary because of a directive of the
European Union which regulated (e.g. “ Eneregieeinsparverordnung”) how newly built
houses have to be constructed so that they do not need too much energy for heating. In
certain cases, if avery old heating system wastes energy, it has to be replaced.

5 http://www.museum-brandhorst.de/en/buil ding.html
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Energy market: The energy market in Germany is deregulated, which means you can
choose a company from which you buy your electric power. Thus, the department which
administers the buildings which belong to the government of Bavaria can bargain for buying
electricity for all official buildings in Bavaria. Hence ZSM gets a special price for
electricity.

On the other hand, a law of the federal government (“Gesetz fur den Vorrang
Erneuerbarer Energien”) says that the company which you buy the electricity from must buy
any electricity that you produce, whether by means of photovoltaic cells or asin our case by
cogeneration, for a specia price which is higher than the normal price. A large part of the
price for energy is a specid tax (energy tax), but the gas which you use for cogeneration is
free of energy tax. This strongly supports the use of such techniques.

Ground water: The use of ground water for heating and cooling is strictly regulated by
the city authorities. We have to pump the water back at the same depth from which it was
pumped; we need a permit and are only allowed to use a certain amount of water. We are
allowed to lower or increase the water temperature by a maximum of 5K, with a maximal
temperature of 20°C. All thisisto ensure that different users do not interfere and disturb one
another.

Palitical intention: The public administration has a special responsibility to support
energy saving techniques in public buildings. Therefore the public administration (in our
case the government of Bavaria) can provide special money for such investments.

Generd Outline of New Central Power Station

The new central power station (figures 7-11) was installed in 2006. It was planned for
maximal efficiency by specialized engineers (Ingenieurbiro Robert Ottitsch, M unchen) and
has the following main components which are outlined in a schematic figure (figure 12, see
also Ottitsch, 2009b):

Cogeneration (or combined heat and power, CHP, figure 9) is driven by natural gas
and produces both heat (hot water of about 85°C) and electricity. The electricity produced is
mostly used in ZSM, but if not needed, fed into the public network. The hot water can be
used for heating the rooms in winter or to drive the absorbing heat pump. Technical data:
production of 115 kW heat and 70 kW electricity, ca. 90 % total efficiency factor.
Throughout the year this CHP produces about 50 % of the total heating energy.

An absor ption heat pump (ca. 80 kW refrigerating capacity, figure 7 eft) is driven by
the hot water from the cogeneration process. This produces cold water for cooling purposes
in air-conditioning and is warming up groundwater. This system can provide about 40 % of
the necessary refrigerating capacity.

A second, electrically driven heat pump (compression heat pump, 120 kW output, 40

28



23 4 |

kW electricity uptake), which also uses groundwater circulation, can produce cold water for
air-conditioning in summertime and hot water for heating in wintertime.

Furthermore, for security and if the winter is very cold there is a gasfired condensing
boiler (figure 8 left) as an independent heating system (the output of which can be
modulated between 70 kW and 450 kW). A gas fired condensing boiler has a very high
operating efficiency by using the energy recovered from the condensation of the water
vapour in the exhaust gases.

To enable optimal running times for the cogeneration and heating pumps different
thermal energy storage systems are needed. There is a high temperature reservoir using
paraffin (phase change material), which melts at 70°C, and can store enthalpy of fusion.
Reservoirs for hot/cold water are also installed, a 4000 | buffer with warm water (50°C)
and a 2000 | buffer with cold water (6 to 12°C)(figure 12).

A part of the warm service water is produced by an electrical heating system supported
by asolar panel of ca. 12 m? on top of the ZSM roof (figure 6).

Figure 7. Absorption heat pump (left), and Figure 8. Gas fired condensing boiler (left)
cogeneration equipment (right) . and absorption heat pump (right).
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Figure 11. Central control system.
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Figure 12. Scheme of the central power station. As a driving power, the inputs of electricity
are necessary nearly everywhere therefore the inputs of electricity have been omitted in the
scheme (Only the main flows are shown, e.g. from “High temperature distributor” there are
several outputs which are not shown for the sake of simplicity, such as the important flow to

the “ Absorption heat pump”).
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The whole system is controlled by a computerized central control system (figure 11)
which records altogether 750 data (like temperatures of the different water cycles and the
status of the different components) and controls all parts of the system. This control system
continuously shows on its screen the most important energy and water flows and their
temperatures. It indicates if any maintenance is necessary or anything does not work. Many
of the data are automatically stored for analysis of any mistakes or problems.

Amount of energy saving and further plans

The amount of energy saved by the new devices was calculated by Ottitsch (2009b):
during the years 2001 to 2005 (before the new system was established) ZSM used 1,338
MWh gas per year. In the years after (2006 to 2007) 1,582 MWh gas was needed, i.e. an
additional need of 244 MWh of gas per year. The extra gas was used in CHP, but this has
reduced the need for electric energy from 931 MWh to 509 MWh, i.e. 422MWh electric
energy been saved per year. Thus, despite the use of more gas, we clearly can save much
energy. It was calculated that the additional cost of this new central power station as
compared with a conventional system will have been repaid within some 3.5 years (Ottitsch,
2009b). It is calculated that the actual system is saving about 100,000 kWh per year, which
is equivalent to an annual reduction of about 27t CO2 (Oberste Baubehacrde, 2008).

Because al air conditioning equipment is still as built in 1984/85 and thus is not well
regulated (e.g. the efficiency of any pumping systems can not be regulated but only be
switched on/off), there is certainly still alot of energy-saving potential. The whole system is
planned to be renewed for enhanced energy efficiency within the coming year.
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