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Fig 4. Three-dimensional models of the three buildings
studied at the Eco-Center, generated with the
simulation software Ecotect V5.5

In order to simulate the buildings, full air
conditioning (heating and cooling) was assumed
in the rooms during weekdays such that the
thermostat set-point temperature upper-band limit
was fixed at 26.0°C and the lower band limit at
18.0°C, in order to maintain thermal comfort
conditions.

Air infiltration rates were taken as 1.0 ac/h for all
models as they were considered average
construction in terms of air leakages through
joints efc. Wind sensitivity is given as 0.75 for
rural areas which indicates exposed building
surfaces [5]. However, the buildings being
studied are reasonably protected due to the

covered verandas and proximity to other
buildings; hence this value was taken an as 0.25
ac/h.

All input variables for software Ecotect v.5.5 are
given in Table 1 below, for each of the three
simulated building models.

Table 1: Input values of variables for the as-built
simulation models in Ecotect v5.5.

Straw

Straw bales +
Input Variables bales AAC AAC
Area Rural Rural Rural
Location Turkey Turkey Turkey
Latitude 38.5° 38.5° 38.5°
Longitude 35.3° 353° 353°
Time Zone +2 GMT +2 GMT +2 GMT
Orientation SSW South SW

Net Usable Floor Area (m?) 54.39 63.4 77.7
Bldg. Material attributes As-built As-built As-built
Building Envelope U-Values in W/m’K:

RCC LB elements n/a 3.01 3.01
AAC LB elements n/a 0.33 0.33
AAC Base walls + gravel n/a 0.32 n/a
in-fill

Stone Basement Wall 2.03 2.03 2.03
Strawbale 0.11

Strawbale + AAC hybrid w n/a 0.12 n/a
Mudbrick interior walls 2.78 n/a n/a
Hollow brick interior wall 1.66 n/a n/a
AAC Exterior Walls n/a n/a 0.56
AAC Interior Walls 20cm  n/a n/a 0.87
AAC Interior Walls 10cm n/a n/a 1.19
Pitched Roof structure 0.90 0.90 2.62
AAC Panel Ceiling n/a n/a 0.57
Floor 0.73 0.93 0.66
Windows 2.9 29 2.9
Doors 2.26 2.26 2.26
Total Conductance (W/K) 98 128 471

Total Admittance (W/K) 1907 714 2585
Operational Profiles:

HVAC System full AC fullAC full AC
Operation Schedule: 24hrs  24hrs  24hrs
TST Upper Band Limit 26.0°C 26.0°C 26.0°C
TST Lower Band Limit 18.0°C 18.0°C 18.0°C

Occupancy None None None
Heat Gains None None  None
Air Infiltration Rate 1.0 ac/h 1.0 ac’/h 1.0 ac/h
Wind Sensitivity ac/h 0.25 0.25 0.25
Building Thermal Zones

AC 1 1 2
Non-AC 5 0 6
Thermal Simulation Results:

Annual Heating Load 5239.5 16026.1 14646.2
Heating Load / NUFA 96.31  252.77 188.49
Annual Cooling Load 20.7 1154 526
Cooling Load / NUFA 0.38 1.82 0.67
Total Energy Load 5260.2 16141.5 14698.8

Total Energy Load/ NUFA 96.69 254.59 189.16

TST = Thermostat Set-point Temperatures
NUFA= Net Usable Floor Area

3. Thermal Behaviour

The thermal behaviour of the three buildings was
analysed both by evaluating the real-time
temperature and humidity readings obtained from
the data loggers and that generated by Ecotect
v5.5 software through the simulated building
models. Results of these evaluations are
discussed in the following sections.
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3.1 Temperature and Humidity Data

The temperature data, and also the humidity
data, for all the three buildings were combined
and presented in a single chart in order to visually
compare their thermal performance (Figs. 5 and
6).

Three qualities are important when evaluating
comparative temperature and humidity charts:
fluctuation, trend and time-lag. Any difference
observed amongst the buildings with respect to
any of these three indicators is instrumental in
illustrating the variance between their thermal
behaviour.
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Fig 5. Air temperature readings from the three buildings
and external air temperature during a 7 day period in
October 2007

HUMIDITY CHART - 7th to 13th October 2007
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Fig 6. Humidity readings from the three buildings and
external humidity levels during a 7 day period in
October 2007

From the comparative temperature chart above, it
is clear that as the outside temperature fluctuates
(approximately 13 °C) so does the temperature
within the three buildings. However, the amount

of fluctuation is quite low in the AAC building
(approximately 1 °C to 1.5 °C), higher in the
Strawbale-cum-AAC building (approximately 2 °C
to 2.5 °C), and highest in the Strawbale building
(approximately 3 °C to 3.5 °C). This means that
the thermal capacity of the AAC building is
adequate in providing an interim heat sink which
helps to keep temperatures stable and prevents
them from rising to discomfort levels. Although
strawbale does not have enough thermal mass,
its higher thermal insulation counteracts this
drawback. Since all the buildings face more or
less in the south direction, passive solar gains
would have been high in all three during summer
months also, but the presence of covered
verandas prevents overheating by protecting
them.

All three buildings also show parallel trends in
their graphs, which means that all three respond
more or less in the same way to external weather
conditions. Although, response lag-time is also
similar, the Strawbale-cum-AAC building is
slightly faster in responding to external weather
conditions, while the AAC building is
comparatively slower. Hence the AAC building
can be said to possess higher thermal inertia in
addition to high thermal insulation values. On the
other hand strawbales have lower thermal
transmittance (U) values; these lower U values
also mean lower heating loads; this conclusion
can also be arrived at from the results of the
simulated heating/ cooling loads obtained for the
‘as-built’ Ecotect models (Fig. 7).

The humidity chart shows humidity levels in the
Strawbale building to be lower than those in the
AAC and Strawbale-cum-AAC buildings; both of
which seem to have almost the same humidity
levels within. In fact humidity levels in the
Strawbale building correspond to the lowest
levels outside during the night. These almost
stable humidity conditions in this building are due
to the humidity regulating property of the mud
plaster on both the interior and exterior surfaces
of its walls. On the other hand the AAC and the
Strawbale-cum-AAC buildings fluctuate around
the mid-points of the external humidity levels.

3.2 Simulated Heating and Cooling Loads

The total heating and cooling loads for a typical
year were obtained for the ‘as-built’ simulated
models of the three buildings, three-dimensional
plans of which are shown in Fig.4 above. The
buildings were simulated with HVAC set-points
for heating as 18°C and cooling as 26 °C. The
results of Ecotect v5.5 simulations under Yozgat
weather conditions were then transferred into
Microsoft Excel format and then combined as a
single data set for the sake of comparison. These
data were then used to prepare a comparative
chart for the monthly heating/ cooling-loads per
usable floor area of all the three buildings. This
bar-chart is presented in Fig. 7 below.
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Fig 7. Comparing simulated monthly heating/ cooling
loads for the three buildings shows strawbale to be the
most energy-efficient building material.

As can be seen from the bar chart above, the
monthly heating loads per square meter (kWh/m?2)
are lowest for the Strawbale building and highest
for the Strawbale+AAC building; while those for
the AAC building are in the middle. Additionally,
the measured data charts show Strawbale to be
the warmest building, followed by AAC; while the
Strawbale-cum-AAC building is the coolest.

Since all three buildings have the same type of
timber pitched roofs, the thermal behaviour of the
hybrid-wall ~ structure (where strawbale is
combined with AAC) can be expected to be
somewhere between the other two ie. a
strawbale structure and an AAC structure. The
heating loads per unit area for the Strawbale
building are lowest, which is expected from the
temperature graphs for actual data as shown in
Fig. 5. However, the loads for the other two
building deviate from expectations in that the
heating loads of the AAC structure are seen to be
less than the hybrid one (Strawbale-cum-AAC).
This can be explained simply by the fact that the
AAC building had an additional layer of insulation
in the form of AAC slabs under the pitched timber
roof. This extra insulation has apparently
contributed to lowering the annual heating loads
for this building below expectations. Also, since
the Strawbale-cum-AAC does not have any
partition walls in the single space within that may
contribute to its thermal mass, since the external
wall composed mostly of strawbales does not
contribute much in terms of thermal sink, heat
retention is lesser in this building than the AAC
one.

4. Conclusion

This paper has illustrated how a hybrid wall
construction can take advantage of the various
desirable properties of different materials in order
to improve its over-all performance. Combining
the high thermal insulation property of strawbales
with the weather proofing property of AAC blocks
and the humidity regulating property of mud
plaster in hybrid wall constructions can help us to
produce buildings that are more thermally
comfortable, cheaper to build and easier to
maintain. However, due to the considerable wall

thickness such construction would be more
suitable for rural or sub-urban areas where
building plots are not limited in size and where
high-rise construction is not desirable.
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