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1. System description

The research being presented was carried out at the new cafeteria building of the General
High School Attendorn in Nordrhein-Westfalen, Germany. The building has energy-
optimized walls, a large roof-integrated solar-thermal system designed to an Energy-Plus
Standard, as well as a terrestrial heat storage network for the transfer of the summer heat
to supplement the seasonal heating requirements. (Figure 1).

Figure 1: Site photo and Attendorn cafeteria layout plan [1]

For the structural planning, essentially by the Research on Energy-Optimized Group (For-
schungsgebiet Energieoptimierte Baukonstruktion - FEB) of the University of Siegen, care-
ful attention was made to develop the most favorable orientation and compact construction
method. Furthermore, heat loss was minimized through the opaque outer wall coverings
by the use of thick layers of insulation and through providing a part of the building’s heat-
ing requirements from significant quantities of heat obtained by the gains through solar
radiation in the external glass layers. All of these passive measures effectively contributed
to reduce the heating demands of the cafeteria.

The remaining energy requirements for the heating of the building should be provided
through the utilization of active solar thermics following a break-in phase. Usually such so-
lar collection units in a rather small scale are installed as a complete system on existing
roofs or integrated as a replacement for the roof covering.



The solar collector itself normally consists of a metal trough into which an insulation layer
is inserted, an absorber layer with water pipes running through and a cover glass. All of
these elements are also implemented in the case of the Attendorn cafeteria in the large-
scale Double-Roof Absorber-Collector (Absorber-Kollektoren-Doppeldach — AKD) over the
entire roof area and as individual, multi-functional building elements. This renewable-
energy inclusive building system is suitable for large free-span areas such as sport halls,

swimming halls and assembly or industrial halls.

South-sloping opaque roof areas are inserted into the larger span widths of the structural
system (ideally a spatial framework system). These constitute a part of the upper outer
shell and function as support surfaces for absorber collectors, which were placed directly
on the part of the roof enclosing the room (Figure 2).

Figure 2: Air space Double-Roof Absorber-Collector (Absorber-Kollektoren-Doppeldach —
AKD) with absorber collectors and cover glass layer [1]

These full-surface water-flow hollow chamber systems (Energie Solaire AS®) were opti-
mized to the sun alignment and convert irradiated solar energy directly into heat. Also in
winter a large quantity of useable irradiated solar energy is collected due to its upward-
facing location in the closed air space of the roof framework and high efficiency of the sys-

tems.



However, an opposing relationship of supply and demand for useable solar heating is pre-
sent at our latitude. While in the summer the solar heating radiation is highest, only little of
this amount can be used to advantage in this season for heating. In the winter this is re-
versed, and from this there exists a conceivable solution to the profit from the heat stored
in the summer for use in the winter months. In the case at hand, a high-temperature un-
derground bored heat-storage consisting of a series of concentric rings of deep boreholes,
fundamentally developed by the Institute for Geotechnics (IfG), into which several plastic
pipes were inserted and finally filled with a high-temperature stable mass (Figure 3, below)

Figure 3: Essential elements of the heating technique of the Attendorn cafeteria [1]

Surplus heat from the Double-Roof Absorber-Collector (Absorber-Kollektoren-Doppeldach
— AKD) was transferred by circulating water into this underground heat repository. The en-
tire drilled subsurface volume thus functions as a large, cylindrical storage mass of solid
rock, which can store large quantities of heat for an extremely long time due to its high

specific mass, and in which temperatures can go up to 80C.



2. System Layout and Calculations

A series of investigations and calculations were carried out in the course of planning for
the layout design of the individual system elements. First, the physical building quality of
the outer shell of the building was optimized and the heating requirement computed by
means of the regulations in DIN V 18599:2007- 02 [2]. With the monthly distribution shown
in Figure 4, the total annual heat energy requirement for the building is around 57,000
kWh/a. That is about 15,000 kwWh/a or 20% less than that which would be permitted pur-
suant to the requirements of EnEV2009 [3].
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Figure 4: Heat gain/loss balance sheet, Attendorn Cafeteria

The next step was to determine the yield of the solar-thermic system which can be ex-
pected with respect to the absorber collector roof. For this the values for the solar radiation
from the meteonorm data record for the location Siegen, NRW [4] were incorporated into
WATSUN v2009.0.1 [5]. The physical characteristics of the absorber were extracted from
the manufacturer’s data [6]. With these parameters the operation of a 100m? large collec-
tor field, unshaded, glazed, without heat storage, sloping 35°, oriented southward (azimuth

angle 09 was simulated and it's output calculated.



The part of the 488 m? collector surface that is shadowed because of the shed-
construction was deducted from the yield. The computation of the reduction due to collec-
tor field geometry contingent reduction were taken into account through the functions of
the DesireLIB_Solarthermal.dll [7] and DesireLIB_Solarfunctions.dll [8] of the DESIRE-
Project. Further still to be considered were the effects of the radiation reflection and ab-
sorption of the upper glass covering and the shading by opaque design features such as
the glass-surface supports and fasteners. This results in a lump sum reduction of a further
30%, that from a Transmission factor t. = 0.85 for single glazing pursuant to DIN V 18599-
2: 2007-02 [9], Table 5, and an estimation of the opaque portion at a value of 15% of the
total area. Thus, in the case of the Attendorn cafeteria, a solar collection of approximately
435 kWh/m?a or 212,000 kWh/a is obtained. Since for the reasons described above only a
small part of this amount of heat can be used directly, for the completely self-sufficient so-

lar-thermal heating, a seasonal storage is necessary.

In the case at hand, the choice of Terrestrial-Bored-Heat-Storage (Erdwa&rmsonden-
Speicher, EWS-Speicher) was made based on the favorable subsurface conditions and
the relatively favorable production costs. In order to be able to define the characteristics of
the subsurface and the heat-storage capability, at the locations noted in Figure 5, test drill-

ings were made to about a 20 m depth and penetration tests were carried out.
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Figure 5: Locations of test drillings and penetration tests as well as the storage [10]



From the inspection of the drill cores and the indirect results of the penetration tests, it
seemed favorable to abandon the original planned positioning of the underground heat
storage of under the floor slab of the planned cafeteria. In particular the underground pro-
file from drill core BK1 exhibited a rather loosely laminated rock formation, which lowers
the specific thermal capacity of the material and, thus, it's retention of heat. Therefore, the
final position of the bore field was moved easterly from the planned building as shown in
Figure 5 due to the more positive findings from the second drilling BK2 and the penetration

tests.

The determination of the borehole length necessary for the transfer of the solar heat was
accomplished by means of the Earth Energy Designers 3.16 (EED) [11]. The ground con-
dition was set as massive rock (limestone) and the values for the heating requirement and
solar contribution as monthly heating and/or cooling situation were inserted. For the heat
delivery a low-temperature heating system (wall panel heating) was envisaged, whereby
an inlet temperature of 35T is sufficient to keep the areas comfortable at a moderate
temperature. In order to be able to ensure a year round temperature level in the soil with
the derived inputs and withdrawals, simulation came up with a necessary length of the
boreholes of approximately 930 m. This was arranged by 31 drillings located in a hexago-

nal pattern with a spacing of 3.0 m (Figure 6).
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Figure 6: Plan view of Terrestrial-Bored-Heat-Storage, location of boreholes (blue) and
measuring probes (red encircled) [10]



The boreholes are 156 mm in diameter and were drilled up to a depth of approximately
30m. Double U pipes were placed in each. At two drilling points (Figure 6, red encircled)

measuring chains were also put down with temperature-measuring sensors spaced at
80cm (Figures 7 & 8).

Figure 7: Borehole cross-section, horizontal (upper) and vertical (lower) [10]



The temperature-measuring probes built into the boreholes operate by the electrical-
resistance variations of a platinum element at a temperature range of about 20T to
300<C (pursuant to [12]: Pt100-Sensors, nominal resistance at 0C R ¢ = 100 ohms, Figure
8).

Figure 8: Example of Pt100-Temperature Sensor

By means of these sensors the temperatures within the two boreholes (Figure 6, red encir-
cled/circle) can be measured relatively exactly. Since no separate boreholes were put
down for the measuring chains, the measurements fluctuate every 20 minutes sometimes
with a quite strong surge. If at the same time as a measurement there is a large input or
demand on the storage system, there could be a large increase or decrease in the tem-
perature. In actual operation the variation in temperature proves to be much more sluggish
on account of the size of the encased rock volume. However, at the current time this

represents a rather negligible aspect.

From the plan layout of the Terrestrial-Bored-Heat-Storage (Erdwarmsonden-Speicher,
EWS-Speicher) (Figure 6) it becomes evident that the drillings in the center were closely
spaced and function as core storage, ringed by borings in somewhat larger spacings. This
outside ring storage is heated if the temperature of the heat-transporting fluid coming from
the solar heat collector is predominately less than that in the core storage. Thus, in order
that this accumulated heat is not wasted, a temperature barrier is created which reduces
the heat discharge from the core storage and surrounding soil by reducing the temperature
differences. At the same time this configuration allows the simultaneous input and with-

drawal of heat energy.



The drillings of the core storage were spaced approximately 3 m from each other and lo-
cated approximately 5 m from the ring storage. Together with peripheral drainage system
the diameter of the Terrestrial-Bored-Heat-Storage (Erdwarmsonden-Speicher, EWS-

Speicher) is approximately 24 m at the top of the borings. (Figure 9).

Figure 9: Vertical cross-section at top of storage (not-to-scale) [10]

The horizontal collection lines for the heat-distribution fluid from the vertical borings were
embedded within an about 20 cm-thick sand section, on which was placed an imperme-

able insulating composition (Figure 10).

Figure 10: Detail 1, top of boring, insulation of the Terrestrial-Bored-Heat-Storage [10]

This composite drainage mat and insulating layer from eXpanded PolyStyrene sheets
(XPS) together with a spreading of blown schiefer overlain with 2-3 m of earth fill keeps the

flow of heat upwards to a minimum.



Figure 11: Detail 2, Composite cover - layering over Terrestrial-Bored-Heat-Storage [10]

Thus, at each of the boundaries the heat storage is effectively insulated against heavy

heat loss by active and passive controls.

The integration of the Double-Roof Absorber-Collector (Absorber-Kollektoren-Doppeldach
— AKD) as a large solar-thermal compressor plant and the terrestrial heat probe storage
into the heating system of the cafeteria came about on the basis of the planning of G-B-D
M. Kammerer [12]. The following simplified flow diagram shows the main components of

the heat-system technique of the building (Figure 12).



Figure 12: Flow diagram, heat-system technique, Cafeteria Attendorn



Depending on falling or constant temperatures and the heat demand, the active solar heat
input through the Double-Roof Absorber-Collector (Absorber-Kollektoren-Doppeldach —
AKD, 1)* can be either supplied directly into a buffer storage (PS, 3) by a heat-exchanger
or conducted through diverters (5, 6) into the underground storage. This feeds either the
center core (8) or the ring storage (7). Furthermore, especially during the break-in phase
of the Terrestrial-Bored-Heat-Storage (Erdwarmsonden-Speicher, EWS-Speicher), it is
possible that not enough heat can be supplied for room heating. In this case the tempera-

ture level of the heat-transporting medium can be increased through the heat pump (4).

Along with this direct active solar heating, at a given temperature the volume of air in the
Double-Roof Absorber-Collector (Absorber-Kollektoren-Doppeldach — AKD) is exchanged
by means of fire-fumes ventilators through a heat pump, recooled, and the heat acquired

likewise directed into the buffer storage (2).

By this flow system the 800 liter water buffer-storage tank plays the role of a central collec-
tor and distributer. At the same time this volume will ensure the hydraulic equilization of

the supply and heating circulation as well as reducing the clocking of the heat pumps.

! The numbers correspond to the according heating system element in Figure 12.



3. Evaluation of Simulation Results by Measurements During System Operation

For the computation of the temperature from the feeding of solar energy input into the
near-surface undergound of the cafeteria, simulations were carried out by means of the
Earth-Energy-Designers 3.16 (EED). By using values from DIN V 18599 and Watsun to
determine heat requirements and solar yield values, the following diagram illustrates,
thereby, the monthly heating and cooling inputs.
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Figure 13: Results of the solar yield and heat requirement computations

The integration of the precise geometry of the storage configuration described above in
EED is only possible in a modified configuration: a circular order of the 31 borings in a hex-
agonal raster is not envisaged within the program. Instead, 36 borings in a 6 x 6 raster with
a depth of 26 m was used instead of 31 borings with a depth of 30 m, which gives a total
borehole length of 936 m instead of the 930 m (31 x 30 m). The average surface tempera-
ture was taken as 9°C from the town of Giessen. Th e EED simulation based on the fore-
going conditions produced the following temperature gradient of the heat-transporting fluid

over one year after a initial run-in period (Figure 14):



Figure 14: One year heat-transfer fluid temperature under normal operation

It is evident that, despite heat energy withdrawal during the heating season, the average
fluid temperature remains above 35T throughout the year. Thus, the capability of the ter-
restrial heat was confirmed and was now to be evaluated on the basis of temperature

measurements obtained during plant operation.

The plant was put into operation in September 2009. Shortly thereafter, a relatively severe
winter ensued during which large quantities of heat energy had to be extracted from the
terestrial heat storage with the assistance of the heat pumps in order to assure an ade-
guate room temperature. In the course of the following summer (2010) the terrestrial heat
storage could be partially replenished by the solar heat energy from the Double-Roof Ab-
sorber-Collector (Absorber-Kollektoren-Doppeldach — AKD). Only incomplete weekly read-
ings of the temperatures for this phase were possible since the installations for more pre-
cise measurements at shorter time intervals were only completed and put into operation

several months ago.

Since February this year (2011) daily measurement data are available so that the current
break-in phase of the terrestrial heat storage taking place during the summer is well
documented, thereby making possible a comparison with the simulation results. Measure-

ments of the outdoor temperatures in Siegen for the year 2010 showed 66 days with tem-



peratures below 0° C (i.e., frost days), and 47 days in which the temperature remained
below 0° C for the entire day (i.e., ice days), est ablishing it statistically as one of the cold-
est years on record. The month of December 2010 had an average daily temperature of —
3°C, making it the coldest December since 1969 [13]. The terrestrial storage temperature
seems, nevertheless, completely regenerated after the first measurements, so that,
meanwhile, normal operations can proceed in the context of the design parameters. The
calculations obtained by means of EED to determine the expected minimum and maximum
temperatures of the heat-transporting fluid for this year (2011) fall between 9.3° C and
23.9°C (Figure 15, year 1).

Figure 15: Annual min/max fluid temperatures during normal operation

From what is pictured in Figures 6 and 7 (Plan view of Terrestrial-Bored-Heat-Storage,
resp. Borehole cross-section) it is possible to use the earth-heat probes on the measuring
chains inserted into the boreholes to obtain, from chosen depths at 80 cm intervals, the
temperatures of the rock volume in the outer storage ring as well as in the core storage.
Currently, the optimization of operations, and in the context of the automation of the heat
input and withdrawal procedures, is only undertaken by simply monitoring the maximum
temperature of respective measuring probes in various storage zones. With reciprocating
optimized operations the measurement records for various layer depths of storage can

also be drawn up.



The daily storage temperature measurements at 13 o’clock collected by the operator of the
plant, the Attendorn Building Management (Geb&audewirtschaft Attendorn - GEBA), up to
now have been plotted in Figure 16. The occassional relatively strong fluctuations have to
do with the previously-described arrangement of the measuring probes within the bore-
holes, and the subsequent conditional direct influence on the measurement results by heat

input and outflow on the temperature probes is to be explained.
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Figure 16: Results of core storage temperature measurements

Due to the still quite small data base on temperature measurements, an absolutely reliable
statement about the further development is difficult. However, it can be stated that the
clearly positive tendency of the temperature increase corresponds to the rate of increase

from the simulations.



4. Summary

The foregoing simulations and calculations point out that computational proof was made
for the efficiency of the system used in the case of the Attendorn cafeteria. After an unim-
paired break-in phase it was possible to completely offset the building heating by means of
the terrestrial heat from solar thermal input during the summer months. Conditional upon
the warm energy absorbed and the heat loss of the optimized building shell of the cafete-
ria, this shows a small need of heat energy, whereby, it will be possible in the future to
heat the adjacent classroom buildings to a large part with the excess heat energy from the
terrrestrial heat storage. Thereby, the aspired Plus-Energy-Standard of the cafeteria build-

ing is achieved.

From the results of the first reliable measurements from previous weeks, the Terrestrial-
Bored-Heat-Storage (Erdwarmsonden-Speicher, EWS-Speicher) shows a clear tempera-
ture rise in practical operation. Within 10 weeks this substantial approximately 13,500 m 3
rock volume could be heated by means of solar-thermal input by around 9°K (see Figure
16). From this a clearly positive tendency can be seen. In view of the simulation results a
further rise of approx. 7-8°K can be prognosticate d for May to August (see Figure 15).
Meanwhile, by feeding the solar thermal heat into the underground, the moisture content
may have dropped to a relatively low level. By the accompanying increase in the heat re-

tention of the ground, a maximum temperature of over 50°C is to be expected this year.

At the current time the simulation results are being confirmed by measurement of the ac-
tual storage temperature during practical plant operation. Right along with the monitoring
and supervision of the break-in phase of the storage taking place at present, these results
of measurements represent a valuable decision-making basis for further system optimiza-

tion and subsequent projects.
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