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Visitors to the museum should get an impression of Viking life in Haithabu as vivid as possible

– that is why from time to time we heat the clay ovens for baking or cooking (See Figure 1).

We noticed that quite high temperatures are reached, but these will decrease again quickly if

there is no more fire inside the oven, although it tangibly keeps the warmth for a very long

time. The question we wanted to answer was: how does the temperature change proceed in

concrete terms, and what conclusions can be drawn for the plausible use of ovens in the

Fire Beneath the Dome: Project to Evaluate the Efficiency of
Clay Ovens in the Viking Museum Haithabu

EXARC Journal Issue 2020/2
1

1 

The content is published under Creative Commons Attribution 4.0 International license (CC BY 4.0).

https://exarc.net/
https://exarc.net/issue-2020-2
https://exarc.net/issue-2020-2
https://exarc.net/issue-2020-2
https://exarc.net/issue-2020-2


Viking era? During this experiment data concerning the efficiency of the ovens for the time

frame of a daily cycle (24 hours) was evaluated.

The oven

The oven used for this experiment is situated in the lodging
house (house 7) of the Viking buildings within the Haithabu
semicircle wall. The oven´s shape and setup were
reconstructed based on archaeological finds. Over an oval
base plate, which was lined with field stones and grouted with
clay, a domed willow wickerwork vault bearing a clay coating of
varying thickness stands. At the front there is an opening for
firing and loading. The oven does not have a chimney. The clay
was tempered with sand, straw and cow dung (See Figure 2a,
b, c).

Experiment setup

The experiment setup was designed to cover two
fields: Temperature change near and inside the oven; Changes of room air temperature
inside the house (See Figures 3 and 4).

Firing

An open fire is a natural process, which can be affected by multiple factors, for this reason
variations in temperature rise during the heating phases are inevitable. These were not
verified in this experiment. A rule for the size of the fire was that no flames must emerge
from the oven door. Only lime wood was used for firing. 

An oven can be used in different ways. During this experiment the embers were totally
cleared out, and the bottom plate was cleaned by sweeping and wiping with a wet piece of
fabric attached to a wooden stick, thus taking up remaining ashes and tossing remnants of
the embers to the oven´s inner edge.

Experiment process

During the 24 hour period of the experiment the oven was used (See Table 1, grey/blue fields)
and fired at irregular periods, at night there was no fire. The heating started at 08:00 am,
from 10:00 pm until 06:00 am there was not heating and at 06:00 am until 08:00 am the oven
was heated up again. While being used the interior space of the oven was mainly closed with
a hatch.

The experiment
was carried out in
summer on a quite
warm day compared to
the normal weather
situation. The heat
development inside
and outside the oven is
thought to be
uninfluenced even by
wintry outside
temperatures.



TABLE 1. THE OVEN WAS USED DURING THE 24 HOUR PERIOD OF THE EXPERIMENT.

Development of the oven´s warmth

Interior temperature

Heating the oven takes approximately four hours. At this point a temperature of 360°C is
reached. Due to the high temperature in the interior space at the end of the heating phase,
the heat decreases notably during use by up to 200°C. During all phases of use the
temperature never sinks below approximately 130°C. During the night´s rest it falls to 68°C.

Escaping heat

The heat escaping from the chimney, measured directly on top of the dome above the
opening, peaks between 59 and 64°C and oscillates around 40°C for the rest of the time,
depending on the size and the heat development of the fire inside the oven. This shows how
much heat escapes and is lost.

Temperature at the dome walls

Viewing the whole experiment, the temperature on the outer sides of the dome walls
develops only very slowly, almost constantly and is relatively independent from the variations
in the other measured data. It rises to a maximum of 36.4 degrees, twice as much as its initial
temperature. During the night´s rest it falls by a third to 20.3°C, just slightly exceeding the
figure at the start of the experiment.

Conclusions



Temperatures of up to 360°C can be reached in the oven. These temperatures decrease quite
quickly to approximately 130°C, limiting the possibilities for baking and cooking (See Graph 1,
pink line). However, the temperature rise of the dome walls (see Graph 1, blue line) develops
almost constantly, unaffected by the firing phases, just like the lost warmth escaping through
the chimney (see Graph 1, green line). 

The base temperature of around 120°C might have been the decisive factor in determining
how the oven was used. This temperature level is suitable for the preparation of all food
which could be cooked at low temperatures (below boiling point) over a long period (current
term: slow cooking), for example fish, some sorts of meat, vegetables, thin pasta. Even during
the long night´s rest phase the temperatures decrease very slowly (by 1-2°C per hour), so it is
possible during this time to kiln-dry fruit, herbs, cereals and suchlike. Hemp, wood and
ceramics can also be dried virtually overnight. Because the dome is slightly warmer than the
ambient room air, it could also be employed to dry wet clothes (See Figure 5).

Development of room air temperature

Taken as a whole, the temperature change inside the oven influences the room air
temperature only to a minor degree. The radiant heat has a significant effect at a distance of
just 50-100 cm from the oven and only during the firing phases (See Graph 2, line 6 brown,
line 7 black). 

Even while heating up, when the ambient temperature (See Graph 2, line 11 green) is still
quite low, significant temperature differences can be observed. However, the disparity is only
4-5°C compared to the outside temperature. The use of the oven does not lead to a constant
room air warming.

At the points of measurement besides the oven and above the dome no considerable
deviations from the common room air temperature can be noted. The dome hardly gives off
heat, the differences to the room air temperature are marginal.  The quick heat rise during
the firing phases at a distance of 50-100 cm directly before opening the oven corresponds
with the measured data right above the chimney. The escaping heat rises quickly and
concentrates under the hide, which was attached above the oven as a protection against
flying sparks, and in the roof truss of the house (See Figure 7 a, b). The temperature drop
during the night´s rest phase is most affected by the decrease in the outside temperature. All
values progress at a similar rate (See Graph 2).

We did not detect loss of energy caused by the heat escaping from the oven, especially while
firing. According to the temperatures measured in front of and above the oven door this
leakage seems to be substantial. Because this heat loss ascends up to the roof, it does not
warm the living room. The oven could not be used as a heating for the house.



The high temperatures of the heat loss are dangerous for anyone near the oven, because the
blast is only visible when there is heavy smoke emission and alters size and flow direction
(See Figure 8).

Energy input – wood consumption

During the entire experiment 45.1 kg of lime wood were burnt. The value for the energy
produced by lime wood is an average 4.1 KWh per 1 kg of wood. Thus, the wood consumption
produced an energy total of 184.91 KWh. Drawing conclusions from this result is not useful,
because we are short of adequate opportunities to compare with other ovens. The question
of the efficiency of this kind of oven has to remain unsolved for the moment. 

For logical reasons the result should be compared to other ways of cooking and heating used
in the Viking era.

Seasonal impacts

The experiment was carried out in summer on a quite warm day compared to the normal
weather situation. The heat development inside and outside the oven is thought to be
uninfluenced even by wintry outside temperatures. The process of heating-up is tedious, and
the heat storage depends more on the material than on the ambient temperature. The room
temperature is evidently more affected by the outside temperature than by radiant heat of
the oven and so the temperature near the oven should increase only slightly even in winter.

Conclusions

The clay ovens in Haithabu (and elsewhere) were used universally and always over a long
period. Using an oven only for one single baking or cooking process is very ineffective due to
the large energy consumption during the heating-up. Therefore, this would have presumably
occurred only in individual cases. Instead we can rather assume that the ovens were operated
continuously and simultaneously for different purposes.
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FIG 2A. MEASUREMENTS OF THE FRONT OF THE CLAY OVEN. PHOTO BY VOLKER KARL LINDENBERG
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FIG 2B. MEASUREMENTS OF THE SIDE OF THE CLAY OVEN. PHOTO BY VOLKER KARL LINDENBERG

FIG 2C. MEASUREMENTS OF THE INSIDE OF THE CLAY OVEN. PHOTO BY VOLKER KARL LINDENBERG
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FIG 3. MEASURING POINTS OF THE CLAY OVEN. PHOTO BY VOLKER KARL LINDENBERG
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FIG 4. MEASURING POINTS OF THE CLAY OVEN. PHOTO BY VOLKER KARL LINDENBERG

FIG 5A. SLOW COOKING. PHOTO BY KAI-ERIK BALLAK
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FIG 5B.SLOW COOKING. PHOTO BY VOLKER KARL LINDENBERG

FIG 6A. THERMIC IMAGE IN THE HOUSE. PHOTO BY KAI-ERIK BALLAK
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FIG 6B. HOUSE INTERIOR. PHOTO BY KAI-ERIK BALLAK

FIG 7A. THERMIC IMAGE IN THE HOUSE. PHOTO BY KAI-ERIK BALLAK

https://exarc.net/sites/default/files/Abb%209b.jpg
https://exarc.net/sites/default/files/Abb%209b.jpg
https://exarc.net/sites/default/files/Abb%2010a.jpg
https://exarc.net/sites/default/files/Abb%2010a.jpg


FIG 7B. HOUSE INTERIOR. PHOTO BY KAI-ERIK BALLAK

FIG 8A. THERMIC IMAGE, ABOVE THE OVEN. PHOTO BY KAI-ERIK BALLAK
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FIG 8B. NORMAL IMAGE, ABOVE THE OVEN. PHOTO BY KAI-ERIK BALLAK
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FIG 9. HAITHABU. PHOTO BY VOLKER KARL LINDENBERG

GRAPH 1. CLAY OVEN PROJECT HAITHABU - DEVELOPMENT OF THE OVEN TEMPERATURE. GRAPH BY VOLKER KARL
LINDENBERG
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GRAPH 2. CLAY OVEN PROJECT HAITHABU - TEMPERATURE DEVELOPMENT OF THE AIR. GRAPH BY VOLKER KARL
LINDENBERG
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