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Abstrat

It is a well known fat that the temperature of the soil, some meters

below the surfae, is relatively stable. If this heat ould be utilized by

use of an earth tube heat exhanger, signi�ant bene�ts ould our when

spae heating for buildings is onsidered. The inlet ventilation air is then

led through a long earth tube and when the air passes the pipe it will

take up, or leave, heat to the surrounding soil depending on their relative

temperatures. In this paper two ase studies are presented. The buildings

of onern are sited in the viinity of Linköping, about 200 km south

of Stokholm, Sweden. One of the ases utilizes heat from the earth

tube in an air-to-water heat pump, while the other uses an air-to-air heat

exhanger. The studies show that the earth tubes only to a very low degree

ontribute to the need of added heat in order to ahieve a desirable indoor

limate. Hene, the extra ost for the tube will not be balaned by the

dereased ost for spae heating. This disouraging result might depend

on too short heat pipes or the fat that the di�erene in temperature

between the passing air stream and the surrounding soil was too small.

INTRODUCTION

A few meters below the earth surfae the temperature of the soil is rather stable.

Even during hard winters the temperature will be well above zero

◦
C and water

pipes et . will not freeze. However, a older limate indiates that the amount

of soil above the pipes must be inreased in order to ahieve permanent non-

freezing onditions. For the site Linköping, whih is dealt with here, the soil

depth must be about 1.5 meters to asertain that freezing does not our. If

this heat ould be utilized, and used for e. g. spae heating of buildings, the

need for purhased energy would be redued. One way to do this is to bury

a long tube in the soil and then let the needed ventilation air for the building

pass through this pipe. The old air stream will then ollet some of the heat

from the surrounding soil on its way into the building. In Referene [1℄ there

is a desription of a test equipment used in the U.S.A. where the author shows

how muh heat that is olleted. The pipe was not onneted to a building

but instead used only for experiments. The winter when the tests where made
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was very old and thus there was a signi�ant di�erene between the inlet air

temperature and the temperature of the soil, at least during some periods of

monitoring. The author also showed that the old air made the moistened soil

freeze, at least around the beginning of the tube. From this freezing, extra

heat ould be utilized beause of the latent heat transferred when the phase

hange ourred between water and ie. During other onditions there is also a

possibility to use the earth tube as a ooling devie, for instane in the summer.

The author to Referene [1℄ also gives some referenes where earth tubes have

been the main interest and it seems that the use, hitherto, has been emphasized

for livestok housing in the U.S.A. In Referene [2℄, with about 30 referenes,

there is a more extensive survey made for a building in Boden, about 1000 km

north of Stokholm, Sweden. Due to the loation up in the north, the site

has a very old limate and thus it was possible to study onditions where the

surrounding soil both was in a frozen and an unfrozen state. The author has

also tried to elaborate a method for alulating the resulting temperatures in

the air stream �owing through the pipe. He does this by use of a superposition

tehnique where it is assumed that the varying inlet temperature of the air an

be divided into pulses with piee wise onstant temperatures. The reason for

this an be found in e. g. Referene [3℄, p. 109, where suh ases an be handled

analytially in a strit mathematial way.

CASE STUDY 1

The �rst ase studied here desribes an eletrially heated building where the

heat is transported using the ventilation system. During old periods, when

the heating devie must be used, the ventilation air is warmed by use of an

ordinary resistane heater implemented in one of the ventilation duts. There

are no extra radiators in the building exept for one in the bathroom. The inlet

air is also oupled to an air-to-air heat exhanger where the outlet air will warm

the inoming air. The earth tube is onstruted of a PVC-pipe, 25 meters long,

with a diameter of 0.16 meter, buried into the soil onsisting of �ne sand or

silt. The pipe is then oupled to the heat exhanger. There is also a defroster

implemented in front of the heat exhanger whih asertains that the devie will

not be hoked with ie from ondensed water, see Figure 1.

See Referene [4℄ for more details about this heating system. In the ase

studied, several measurements have been made of temperatures, solar irradia-

tion, eletriity use and ventilation air �ows, as well as domesti water use. The

main interest here is, however, only to study the performane of the earth tube

and thus the temperatures of the inoming and outgoing air from this devie is

of interest. The air �ow through the pipe was 39 liters per seond or about 130

m

3
/h when the equipment was installed in 1987. The value was also heked

up in 1989 and the �ow was then 162 m

3
/h, i. e. an inrease has ourred

but, unfortunately, the reason for this is not known. All the temperatures are

monitored by use of a omputerized system, where average values are stored on

the hard disk eah ten minutes, whih therefore is the �nest resolution available.

In Table 1 1 an example of the temperatures of interest is shown.

Starting with the inlet temperature ten minutes past midnight the �rst day

of January 1988, the average air temperature for the passed ten minutes was

1.8

◦
C. The outlet temperature was monitored for the same period to 2.3

◦
C,
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Figure 1: Prinipal view of the heating system, �rst ase

Time Inlet Outlet Time Inlet Outlet Time Inlet Outlet

00.10 1.8 2.3 01.10 1.8 2.2 02.10 2.6 2.5

00.20 1.8 2.2 01.20 1.8 2.3 02.20 2.6 2.5

00.30 1.8 2.2 01.30 1.8 2.3 02.30 2.6 2.6

00.40 1.8 2.3 01.40 2.0 2.3 02.40 2.7 2.6

00.50 1.8 2.2 01.50 2.1 2.4 02.50 2.8 2.6

01.00 1.8 2.3 02.00 2.4 2.4 03.00 2.8 2.6

Table 1: Inlet and outlet air temperatures in

◦
C for three hours starting at

midnight 1988-01-01

i. e. a very small inrease of temperature by 0.5 degrees. Examining the other

values in Table 1 show that the other di�erenes are still smaller and for some

values they are even negative, i. e. the inlet air has been ooled by the earth

tube. The reason for this disouraging result might be that there has been a

rather stable period of the limate before this monitoring period and the soil

surrounding the tube has almost the same temperature as the inlet air. The

di�erenes are also so small that the signi�ane of the monitoring devies,

PT100 elements, might in�uene the result.

There is therefore a need for examining a longer period of time, e. g. one

week. Beause of the fat that there are over 2000 temperature values, a table

is not onvenient and the values are instead plotted in a graph, Figure 2.

Eah ten minute period has then been assigned a value of 0.1 and then the

periods are added to eah other whih explains the sale in Figure 2. In Figure 2

it is obvious that the earth tube will result in a more leveled temperature urve

of the outlet air temperature. It is also lear that the air stream sometimes, in

the beginning of the week, ollets heat from the surrounding soil while in other

periods, in the end of the week, the soil is warmed by the air. Further, if the

peeks and valleys of the two temperature urves are examined it is shown that

there are no time gaps between e. g. the peaks. The moment where there is a
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Figure 2: Inlet and outlet air temperatures in the earth tube for the �rst week

in January 1988

peak in the inlet temperature there is also a peak in the outlet temperature even

if it is muh smaller in magnitude. During the week, the maximum di�erene

between the two temperatures was only about 4

◦
C whih implies that only a

very small amount of heat has been transferred between the soil and the air

stream. The heat apaity of air is about 1.006 kJ/kg×
◦
C while the density

is about 1.177 kg/m

3
, see Referene [3℄, Table A-5. This implies that eah m

3

of air will store approximately 0.33 Wh/

◦
C. The �ow of the air stream was

measured to about 150 m

3
/h as an average value, and hene, approximately

48 Wh/

◦
C per hour is aumulated in the onsidered air stream. The �rst ten

minutes of the examined week, see Table 1, the di�erene in temperatures was

0.5

◦
C. During these ten minutes, �ve degree minutes have been utilized whih

equals about 0.08 degree hours. Adding values for the other �ve periods during

the �rst hour, shows that 0.45 degree hours were generated. For the whole

week, i. e. 168 hours, this sum has been alulated to 106.4 degree hours, and

multiplying this value with the heat aumulated in the air stream, yields that

5.1 kWh have been transferred from the soil to the ventilation air. It should be

notied that the energy transferred from the air stream to the soil have been

subtrated, and thus 5.1 kWh is the net result for the �rst week. In Sweden this

amount of energy osts about 3 SEK to buy from the eletriity utility and it

is lear that, for the performane of the earth tube, this is a very disouraging

result. (Seven SEK equal about one US dollar.) Mentioned above was the

fat that the maximum di�erene in temperature between the inlet and outlet

air stream was only 4

◦
C. With suh a small di�erene it is obvious that the
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examined earth tube ontribution to spae heating in the building, only is of

aademi interest. There is therefore a need for examining a still longer period

of time. In Figure 3, the �rst four months of 1988 are shown.
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Figure 3: Earth tube, and outdoor air temperatures for January to April, 1988

Beause of the vast amount of values involved we have shown average tem-

peratures during eah hour instead of eah ten minutes. From this �gure it is

likewise obvious that the earth tube has a leveling in�uene on the air temper-

ature. While the outdoor temperature �utuates heavily, the air temperature

inside and at the end of the tube is more onstant. The tube thus works as

expeted but the problem is that under ertain periods muh heat is transferred

from the air stream to the surrounding soil whih results in very low overall

energy gains. In Table 2 this is shown in more detail.

The heat �ow from the soil to the air, and vie versa, have been alulated

for eah month of the examined period. The table also shows the net result of

these �ows and it is apparent that the gains are rather small.

In Table 2 it is shown that the maximum heat gains our during week no

8,9 and 11, i. e. about hours 13.00 - 18.00 in Figure 3, with about 35 kWh eah

week. However, there are also weeks with negative gains, see weeks no 13, 14,

16 and 18. During the 18 weeks shown in Table 2 about 244 kWh were utilized,

or about 14 kWh eah week. If it is assumed that there are about 24 weeks per

year, November - April, where the earth pipe is of interest for heat gains, this

would imply that about 325 kWh eah year ould be utilized. In Sweden eah

kWh of eletriity osts about 0.5 SEK and thus approximately 160 SEK eah

year is saved. Further, assuming that the life-yle for an earth tube is about

25 years and the real interest rate is 5 %, will result in an net present value

fator of 14.09. The ost for the earth tube must therefore be lower than 2 500

SEK if it will be pro�table. The real ost, however, is probably at least 5 times

higher, and hene this earth tube is not of any eonomi interest.
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Week no From air to soil From soil to air Net �ow

1 -3.5 8.6 5.1

2 -0.3 17.5 17.2

3 -0.2 11.9 11.6

4 -0.0 14.8 14.8

5 -0.9 15.5 14.6

6 -0.5 9.2 8.7

7 -0.6 12.9 12.3

8 -0.3 36.5 36.2

9 -0.5 35.6 35.1

10 -3.5 18.4 14.9

11 -0.9 35.2 34.3

12 -6.6 20.5 13.8

13 -7.2 4.6 -2.6

14 -9.9 3.3 -6.6

15 -2.2 23.3 21.1

16 -13.1 11.0 -2.1

17 -4.7 24.2 19.5

18 -5.3 2.2 -3.2

Sum -60.41 305.01 244.60

Table 2: Transferred heat between the earth tube and the surrounding soil in

kWh

CASE STUDY 2

The seond ase study also desribes a building outside of Linköping, Sweden.

The heating system operates here by use of an exhaust air heat pump where heat

from the outgoing ventilation air heat domesti hot water and water used for

spae heating. Under periods when this heat is not su�ient, eletri resistors

are used for peak heating. The resistors are built into the hot water supply,

inside the heat pump apparatus, and hene they are also used for heating the

domesti hot water used in the building. The hot water is then led into a heat

exhanger loated in the ventilation system. The heat aptured in the water is

therefore transferred over to the passing air stream and led out into di�erent

rooms in the house. The water to air heat exhanger has a limited ability to

transfer heat. Therefore, for the sake of very old winter days, an eletrial

heater has been implemented as well. However, before the ventilation air passes

the heat exhanger, it has already been led through a solar panel devie and

after this through an earth pipe made of PVC, diameter 0.15 m, and about 15

metres long. Figure 4 will explain the situation.

The solar panels are loated vertially at an external wall and the air is

supposed to ollet some heat by passing this devie. During the summer this

heat is of no use and hene it is possible to by-pass the solar panels and instead

transfer the air diretly through the earth pipe. The disouraging result from

the ase study number 1 above, implies that a older winter period should be

studied. Therefore, we have hosen the �rst months of 1987 instead of 1988.

The air temperatures before and after the earth tube are shown in Figure 5.

Unfortunately, it is hard to distinguish the two temperature urves from
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Figure 4: Shemati view of the heating system, ase 2

eah other beause of the blak and white graphis. The temperatures after the

earth tube are overed by the temperature urve after the pipe. However, the

�rst items an be identi�ed by the somewhat thiker line in the middle of the

graph. As in the �rst ase, it is obvious from Figure 5, that the earth pipe has

a signi�ant leveling e�et on the air stream temperatures.

It is also obvious that the temperatures before the earth tube varies muh

more than in Figure 3 beause of the solar panel system. The limate has also

been muh older beause the inlet temperatures are far below -10

◦
C during

long periods of time. In Table 3 the situation is lari�ed for one day in Marh,

1987.

Starting at midnight, the outdoor temperature was about -14

◦
C. Almost

the same temperature appeared after the solar panels and before the earth tube.

This is so, of ourse, beause there was no sun to heat the solar olletors at

that time of the day. After the earth tube, the temperature was signi�antly

inreased, about - 2

◦
C . Both the outdoor temperature and the temperature

after the solar panels dropped until about 8 a.m., when the outdoor temperature

slowly got higher again. The temperature after the solar panels , however,

inreased more rapidly beause the sun started to shine on the solar olletor.

At 14 p.m. the outdoor temperature was about - 7

◦
C while the temperature
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Figure 5: Temperatures before and after the earth tube, January to April 1987,

ase 2

after the solar devie had inreased to about + 26

◦
C. After this hour the

temperatures dereased again. The air temperature after the earth pipe shows

a muh more leveled behavior. The lowest temperature during the day was

about - 4

◦
C while the highest was about + 2

◦
C.

The air �ow trough this ase 2 earth tube has been monitored to 136 m

3
/h,

whih implies that about 45 kWh/

◦
C per hour was aptured in the air. In Ta-

ble 4 the alulated heat �ows are shown based on the monitored temperatures

from January 1 to April 30.

The total alulated heat �ow from the air stream to the surrounding soil

was about 374 kWh, while the heat �ow from the soil to the air was about

309 kWh. The earth tube in this ase resulted in a total negative heat �ow of

65 kWh, i. e. heat was transferred from the air stream to the soil whih was

not suggested from the beginning. In Table 4 it is obvious that the earth tube

worked as expeted the �rst four weeks in 1987. About 130 kWh was transferred

from the soil to the earth tube. From week no. 5, however, the heat �ow was

negative almost all of the weeks and from week no. 11 no positive net �ow

ourred at all. This is, at least to some extent, the result of the solar panels

whih heated the inlet ventilation air substantially, see Table 2 where in inrease

of 30

◦
C ourred for the hours around noon. However, it ould be expeted

that the air heated the soil during these hours and that this heat was reovered

during subsequent hours when the air stream was older. This is notieable in

Figure 6 where the temperatures in Table 3 have been shown in a graph.

Starting at midnight, the outdoor and the air stream temperatures were very

losely related. When the solar rays hits the solar olletor the air stream tem-

perature rises very quikly and results also in an inrease of the air temperature

after the earth tube. When the sun disappears again the air stream temperature

will derease but not as fast as the inrease earlier observed. Further, the air

temperature after the solar olletor was a few degrees higher than the outdoor
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Time Outdoor Before After Time Outdoor Before After

00.00 -13.91 -13.81 -2.22 13.00 -7.21 23.13 1.62

01.00 -13.91 -14.32 -2.63 14.00 -7.11 25.74 2.23

02.00 -14.81 -14.62 -2.83 15.00 -7.21 12.08 1.12

03.00 -15.01 -15.22 -3.13 16.00 -7.81 10.48 0.91

04.00 -15.41 -15.62 -3.34 17.00 -8.81 -0.76 -0.3

05.00 -15.51 -15.92 -3.54 18.00 -9.91 -7.09 -1.31

06.00 -15.61 -16.02 -3.74 19.00 -11.01 -8.9 -1.92

07.00 -15.51 -16.42 -4.05 20.00 -11.81 -10 -2.22

08.00 -15.01 -15.02 -4.05 21.00 -13.11 -11.51 -2.63

09.00 -12.51 -10.8 -3.64 22.00 -14.21 -12.51 -2.93

10.00 -10.01 -7.49 -3.13 23.00 -15.11 -13.41 -3.24

11.00 -8.71 -0.96 -2.02 00.00 -15.71 -14.52 -3.54

12.00 -7.71 16.8 0.51

Table 3: Air temperatures in

◦
C before and after the earth tube, Marh 1, 1987,

ase 2

Week no Air to soil Soil to air Net Week no Air to soil Soil to air Net

1 0.1 50.8 50.7 10 26.8 29.9 2.9

2 0.3 54.6 54.2 11 25.6 18.2 -7.4

3 0.9 11.2 10.3 12 19.8 6.4 -13.4

4 7.5 25.0 17.5 13 39.2 1.9 -37.3

5 18.5 13.4 -5.1 14 41.2 4.8 -36.4

6 17.4 11.2 -6.3 15 23.8 4.2 -19.6

7 13.3 13.8 0.5 16 32.0 5.9 -26.0

8 28.7 18.1 -10.6 17 48.3 4.6 -43.7

9 24.4 34.7 10.3 18 7.0 0.1 -6.9

Table 4: Calulated heat �ows in kWh from and to the earth tube air stream

for 18 onseutive weeks, January 1 - April 30, 1987

temperature during the rest of the day, whih probably is a result of the heat

apaity of the solar panels. This will also in�uene on the temperature after

the earth tube but still there was a small temperature inrease, of two or three

degrees, that must emanate from the earlier warm-up of the surrounding soil.

From Figure 6 it is lear that the heat in the solar warmed air stream is not

perfetly reovered and subsequently there is a loss of heat to the soil around

the tube. In Table 2 it is shown that the overall performane of the earth tube

not was the one expeted. For the studied period of time the resulting energy

gains were negative and more heat was transferred from the air stream to the

soil than vie versa. Subsequently, there were no savings to emerge from a lower

degree of spae heating in the building.

In Figure 6 it is shown that there is a signi�ant amount of heat emanating

from the solar panels. Most of this heat is transferred through the earth tube

walls and out into the soil layers and it seems that only a very small amount

of heat is reovered during subsequent hours. This is probably an e�et of a

high thermal ondutivity in the soil layers around the tube. In Referene [2℄

p. 14 it is shown that the moisture ontent of the soil has a vital in�uene and
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Figure 6: Outdoor temperature and temperatures of the air stream before and

after earth tube

the ondutivity varies from about 0.2 for dry moraine up to 2.2 W/m×
◦
C for

a 100 % saturation degree. When the soil is in a frozen state the ondutivity

has a maximum value of about 2.6 W/m×
◦
C. It is shown that the limate was

very old during the monitoring period and therefore it may be assumed that

the saturated soil around the earth tube is in a frozen state. Hene, heat from

the solar panels will rapidly be transferred from the viinity of the tube out to

more distant soil layers. The heat pulse will not be su�ient to inrease the soil

temperature in a notieable amount and therefore no heat reovery will our.

CONCLUSIONS AND DISCUSSION

From the two studies above it is lear that the earth tubes are not of any

eonomi interest as they are implemented today. The reason for this is that

during some periods of time the earth tube ats like a ooling devie. If the inlet

of the air stream ould be swithed at times when the outdoor temperature is

higher than the temperature in the earth tube things would be better. The inlet

air to the building should in suh a ase only be led through the earth pipe when

signi�ant gains are to be expeted. However, suh a solution will also lead to

longer periods of old soil temperatures beause there is no warm air �owing

through the pipe whih enables the soil to inrease its temperature. The only

heat soure will thus be the heat �owing in from soil layers farther away. The

maximum temperature di�erene in the air stream was found to be about 31

◦
C.

This implies that approximately 1.4 kWh per hour was transferred from the soil

to the air stream or vie versa. The length of the earth tube was in ase two
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15 m, and hene about 100 W/m was the heat �ux through the pipe wall. This

is an average value and, of ourse, the heat transfer in reality has its highest

value in the beginning of the pipe, this beause the temperature di�erene has

its maximum there. In Referene [2℄ p. 117 the heat transfer through an earth

tube of exatly the same length was alulated to 220 W/m in the beginning of

the pipe while it was 110 W/m in the end of it. The pipe in Referene [2℄ thus

had a better thermal performane but the values orrespond surprisingly well,

espeially when the northerly site, and hene the older limate, is onsidered.
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