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Summary

This paper investigates quantitatively the energy conserva-
tion achieved by balanced ventilation with heat recovery and
upstream ground heat exchanger. The investigations were con-
ducted on an occupied single-family house equipped with such
a balanced ventilation system. The heat recovery unit of
this system consists of a plate-type heat exchanger with a
downstream small air-to-air heat pump. In addition this
house is equipped with a ground heat exchanger.

This balanced ventilation system with heat recovery and up-
stream ground heat exchanger not only covers the entire ven-
tilation heat requirement for the house, but also a part of
the transmission heat requirement. -

- PO I

Symbols and abbreviations

EWT - ' Ground heat exchanger

el. Hzg. Electrical storage heating units

Gt Degree days

WGT : Heat recovery unit

ﬁL’m'Erdrohranfang mean air temperature at the beginning of

the ground heat exchanger

ﬂtﬂmErdnﬂuende mean air temperaturg at the end of the

ground heat exchanger
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Introductién

In low-energy houses, the transmission heat requirement of
the building is reduced by the high heat insulation standard
to such an extent that the wventilation heat requirement is
becoming increasingly significant. An important step in the
direction of ventilation heat 1loss reduction is the in-
stallation of a mechanical balanced ventilation system with
heat recovery. The heat recovery unit can be a plate-type
heat exchanger or a combination of plate-type heat exchanger
and downstream small air-to-air heat pump.

An additional option for  reducing the ventilation heat
losses is to instal a ground heat exchanger. The outdoor air
is drawn thfough a pipe buried in the ground and only passes
into the dwelling wvia the heat recovery unit. In this way
the supply air is preheated in winter and partial cooled in
summer. In addition, in the summer the'outdoor air is par-
tial dehumidified if the temperature falls below the dew
point in the ground heat exchanger. This should not be un-
derestimated with regard to comfort, since in summer supply
air which is cooler and drier than the outdoor air is expe-
rienced as pleasant.

If the ground heat exchanger is correctly designed, the sup-
ply air temperature at the end of the ground heat exchanger
is, in winter, not lower than 0°C, even with extremely low
outdoor air temperatures. This is very important in order to
avoid problems regarding any possible icing up of the plate-
type heat exchanger in the heat recovery unit. In the summer
the cooling of the outdoor air is becoming increasingly im-
portant because of the problem of easily achievable over-
heating in modern, highly insulated low-energy houses.
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System of balanced ventilation with heat recovery and up-
stream ground heat exchanger

The ground heat exchanger set up for a single-family house
in southern Germany was designed with regard to practical
170m (gepth considerations. Mini-

VA misation of installa-
1. [ | wetet tion costs was a

[ ) prime factor. In or-

0.85m}

der to avoid the need

for an additional

trench and the re-

0.95.m
155m | - C lated extra costs,
idepthy -
" N L wom ety Che ground heat ex-
|_010m depth)
[ SO TE A || changer was laid on
the floor of the
- @ building trench
P around the house.

This also determined
the 1length of the
heat exchanger, name-
ly 42 meters. Because of the need to reliably take off the
condensate produced in the summer, a corrugated tube was not
used for the ground heat exchanger, but a smooth folded
spiral-seam tube, and this was laid at an incline of 2 %.
The inside diameter of the tube is 125 mm, the wall thick-
ness 0.8 mm. The position of the ground heat exchanger with
details of the laying depth and distance from the house is
shown schematically in Figure 1.

Fig. 1 Scheme of the ground heat
exchanger

Figure 2 shows the scheme of the entire ventilation system.
The outdoor air is conveyed through the ground heat exchang-
er using a tube fan with a measured power consumption of 50
W. The volumetric flow is 140 m3/h. After it has flowed
through the ground heat exchanger, the supply air passes
- through the heat recovery unit and then it passes through a
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: small tube network into the resi-

Eji%mitj dential rooms and into the chil-
outgoing air fiving room  bedrooms  3yant's and parents' bedrooms in the
supply air house. The exhaust air is removed

from the bathroom, toilet and kitch-

en. The "heat recovery unit consists
¢ ’ lavamribaih imhen of a plate-type heat exchanger and a
(> Sxhaustai downstream small air-to-air heat
pump. The power consumption of the
)( ‘ heat pump compressor is 500 W, that -
! of the supply air fan 20 W and that
of the exhaust air fan 16 W. In the
summer the small heat pump is not in
operation and the plate-type heat

exchanger 1is replaced by a double-

Fig. 2 Scheme of the Cuct piece, since the supply air

ventilation cooled 1in the ground heat exchanger

is not to be subsequently reheated.
Because the heat output of the
ground heat exchanger in winter is lower at a certain tem-
perature than the power consumption of the tube fan, and in
summer it is not necessary to cool the outdoor air below a
certain temperature, suction through the ground heat ex-
- changer can be sealed off using a cap controlled by thermo-
stats. At the same time a second opening is released through
which the outdoor air is directly drawn in via the roof. The
thermostat is installed under the eaves and adjusted in such
a way that the outdoor air is drawn in, at temperatures be-
low 4°C and above 20°C, through the ground heat exchanger,
and otherwise directly via the roof. The fact that this ven-

system

tilation system is not also a room heating system is symbol-
ized in Figure 2 by the heaters needed in addition in winter
for room heating. In this case these are electrical storage
heating units.

To investigate the thermal technology of the ground heat
exchanger, the temperature and relative humidity of the air
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drawn in upstream and downstream of the ground heat exchang-
er and furthermore the wall temperatures of the ground heat
exchanger are measured at a distance of 2 meters. For the
energy-related evaluation of the heat recovery unit, the
temperatures and relative humidities of the supply air and
exhaust air are measured upstream and downstream of the sys-
tem. The measured quantities are registered every five min-
utes and stored for further evaluation after every hour as
hourly mean values. In addition the operating times and pow-
er consumptions of the tube fan for the ground heat exchang-

er, of the compressor and of the supply air and exhaust air
fan are registered.

Results for the ground heat exchanger

The ground heat exchanger plays a particularly important
role. Thanks to the extremely high heat storage capacity of
the ground, supply air is provided at almost constant tem-
perature, regardless of that of the outdoor air. For this
purpose, the length of the ground heat exchanger must be
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4
2=l AT kW 4 outdoor air temperature
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July 1991 highlight the very

1 = values at the start ot the earthtube
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Fig. 4 Temperature curve upstream at the example of a

and downstream of the winter day as shown in
ground heat exchanger Figure 5. In addition

to the daily mean val-
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e 5 10 15 20 25 30 35 40 45 temperatures upstream

course along the ground heat exchanger [ml
and downstream of the
Fig. 5 Temperature curve along the

wall of the ground heat
exchanger

ground heat exchanger.

In winter the possible
icing up of the plate-type heat exchanger as mentioned at
the beginning is prevented by the supply air temperature,
which is always above 0°C. Furthermore, the almost constant
supply air temperature, which is higher than that of the
outdoor air, increases the output of the heat pump. In sum-
mer, with extremely high outdoor air temperatures and humi-
dities, the clearly cooler and drier supply air 1leads to
greater comfort. The design principles of such ground heat
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exchangers were developed in /1/ and presented for the first
time at the 12th AIVC Conference /2/.

Results for the entire balanced ventilation system

With the balanced ventilation system with heat recovery and
upstream ground heat exchénger as shown here, not only the
entire ventilation heat requirement of the house is covered,
but also a part of the transmission heat requirement.

The single-family house investigated with a residential area
df 150 m® had a heat turnover of 22,150 kWh in 1991, of
which a total of 35 % was taken care of by the heat recovery
unit (6,710 kWh) and by the ground heat exchanger (1,000
kWwh) . The remaining 65 % was covered by electrical storage
heaters. The compressor and the fans of the heat recovery
unit had a power consumption of 1,600 kWh, so that the per-
formance number obtained for this system is 4.2. The tube
fan of the ground heat exchanger had a power consumption of
140 kWh during the heating period. The performance number of
the ground heat exchanger is thus 7.1. In the months from
June to September the ground heat exchanger provided cooled
and dried supply air. The perceptible cold gain in this pe-
riod was 330 kWh and the entire (perceptible and 1latent)
cold gain was 870 kWh. For this purpose 77 kWh electrical
energy had to be provided to drive the tube fan, which pro-
duces a performance number in relation to the perceptible
cold gain of 4.3 and in relation to the total 11.3.

Figure 6 shows the heat turnover in kWh provided by the in-
dividual systems and calculated from the degree day numbers
(Gt) /3/ determined at the 1location of the house. Only
slight deviations are evident between the heat turnover ac-
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Fig. 7 Energy input to cover the heat turnover according
-to Figure 6

cording to degree day numbers and the actual heat turnover,
and so the heat turnover according to degree day numbers can
be used very well for the purpose of comparative calcula-
tions. Figure 7 plots the energy input over the year under
investigations as needed to cover the heat turnover shown in
Figure 6. This figure makes clear that balanced ventilation
with heat recovery and upstream ground heat exchanger has a
considerable energy conservation potential. To cover the
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heat turnover of 22,150 kWh needed to heat the house in
1991, an energy input of 16,190 kWh was needed. The energy
input thus accounts for only 73 % of the heat turnover,
which gives an energy saving of 27 %.

The heat turnover of 22,150 kWh/a seems at first glance to
be very high for a modern single-family house with 150 m?
residential area. However, this absolute figure is inade-
quate to evaluate the energy situation of the house. This is
made clear by the fact that the location is not taken into
account. If the same house were to stand not on its present
site, but for example in Essen, it would display a 21 % low-
er heat turnover, which is caused only by the difference in
climate. While at the present location of the house the de-
gree day number for the year under investigation was deter-
mined as 4,560, and the normal outdoor temperature is -18°C
/3/, in Essen one obtains a degree day number for the same

period of 3,634. The normal outdoor temperature for Essen is
-10°C /3/.

More informative is an energy-related evaluation of the
house, if it is compared with a notional house of the same
dimensions whose outer shell still corresponds to the u-
values (values for the coefficients of heat transfer) from
standards, regulations or generally known recommendations.
In Germany, these are the Heat Control Ordinance /4/ or the
recommendations for low-energy houses /5/. For this purpose
the heat requirement of the house.is newly determined with
the respective u-values given for the outer shell and the
heat turnover is calculated with the help of degree day num-
bers (Gt). The values thus obtained are shown in Table I.
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Design as is | Design as /5/ | Design as /6/

Heat require- 11,972 15,446 11,348
ment. in [W] '

Heat turnover 22,055 28,455 20,905
acc. to Gt in

(kWh/a]

Table I: Heat requirement and turnover for the house in var-
ious designs

The comparison shows that the existing house has a 29 % low-
er heat turnover than a design which just complies with the
Heat Control Ordinance. Compared with the design which just
meets the recommendations for low-energy houses, however,
its heat tufnover is 5 % higher. In relation to the trans-
mission heat requirement then the house under investigation
does not yet meet the requirements of a low-energy house.
This is also made clear by the relatively low proportion of
the total heat requirements accounted for by the ventilation
heat requirements, namely 31 %. With low-energy houses the
proportion of ventilation heat requirement in relation to
the total heat requirement is about 35-40 %. If we consider,
however, that, as shown above, energy savings of 27 % are
achieved by built-in balanced ventilation with heat recovery
and upstream ground heat exchanger, this house can be called

a low-energy house in spite of the 5 % higher transmission
heat losses.

A further variable which influences the heat turnover of
buildings but cannot be recorded is the user behavior. All
calculations which are used to determine the anticipated
heat turnover assume the normal inside temperature /6/. This
is for 1living rooms and bedrooms 20°C. In /7/ it was estab-
lished for multi-occupation houses that, during the heating
period, the room temperatures are over 20°C. The investiga-
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tions is also confirmed by this single-family house. Most of
the rooms during the heating period had an average tempera-
ture of more than 21°C. The higher heat turnover caused by
these elevated temperatures can be seen in Figure 6. Since
the heat turnover according to degree days does not take
into account own-heat or solar heat gains, it always has to
be higher than the actual heat turnover. Figure 6, however,
shows that the heat turnover according to degree days in the
months January and September to November is lower than the

actual heat turnover. This indicates an increased heat turn-
over due to user behavior.
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