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ABSTRACT
This paper presents a comparative analysis of the
impact of several basement insulation configurations
on indicators of the effects of a thermal mass over the
heat losses through the foundations. The first set of
two-dimensional dynamic simulations shows that a
split configuration insulation enables to marginally
increase the delay of the heat losses. To further shift
the losses, the heat storage capacity is gradually
increased by thermally linking a portion of the
surrounding ground to the basement wall. The shift
increases effectively but probably not to the point of
justifying the more elaborate assembly. One of the
intermediate configuration could however be used as
a retrofit option to reduce winter heat losses.

INTRODUCTION
In cold climates, energy compliance codes dictate the
use of significant amount of insulation to limit the
heating load. When the heating load is already
moderated by use of suitable insulation levels, the
passively stored energy within the building mass may
become a complementary mean to further improve
the thermal performance of the building. A potent
thermal mass could lower the winter peak heating
demand, which is advantageous where electric
heating prevails, and somewhat decrease the annual
heating load by shifting some heat losses towards
springtime where more natural heat gains are
available.
Low-rise lightweight buildings have most of their
mass located in their foundation. This is especially
true with full basements, a common house feature in
Canada. In this country, heat losses through the
foundations account for 10 to 40% of the heating
load of houses [Canmet Energy 2010]. Foundations
of excavated basements are thus a compelling subject
of investigation when one is looking at opportunities
to improve the thermal performance of a building
through passive thermal storage in its components.
Estimation of heat transfer in foundation structures
has been extensively treated in the past. It has
evolved from 1D steady state conduction factors
[Latta and Boileau 1969] to 2-3D dynamic models
[Mitalas 1983, Bahnfleth and Pedersen 1990,
Beausoleil-Morrison 1997, Deru 2003]. Basement
heat transfer is however still considered a hard-to-

model phenomenon for which a truth standard is yet
to be defined [Andolsun et al. 2011]. In building
energy modelling, ground coupled heat transfer is
considered to have long time constants in comparison
to other phenomena [LBNL 2010]. That could
explain why studies compare annual and monthly
heat losses but less thoroughly discuss the dynamic
response of the basement thermal system. Some
exceptions are the authors making use of frequencydomain techniques, which lead more naturally to the
analysis of the dynamic aspect of the phenomenon.
For example, Krarti has shown [Krarti et al. 1995]
the dampening and time-shifting impact the ground
has on thermal losses according to the frequency of
the outside temperature variations.
This paper presents a comparison of the impact of
several basement insulation configurations on the
dynamic behaviour of the heat losses. While it uses a
common 2-D modelling scheme for the calculation of
the heat transfer, it specifically analyses the
indicators of a thermal mass effect: time shifting and
peak shaving of the losses.
A simulation environment is first set up to accurately
represent the dynamic behaviour of the heat
exchange of a basement zone via the foundation wall
and slab [Laurencelle and Fournier 2011]. Then a set
of simulations shows the impact of the location of the
wall insulation on the heat loss profile. A second set
of simulations compares the heat loss profiles
produced when gradually linking an additional mass
to the foundation wall.

SIMULATION
The two dimensional heat equations are solved
within the FlexPDE 6.14 finite element software.
Figure 1 shows the general model geometry. It
corresponds to half an excavated basement crosssection, which is composed of a wall, slab and
footing. The slab and footing are made of concrete,
while the wall composition changes depending on the
simulation set.
The thermal conductivity of the ground and concrete
are respectively taken as kgr = 1.0 W/mK and
kco = 1.5 W/mK. Their volumetric heat capacities are
sgr = 1.44 MJ/m³K, sco = 2.40 MJ/m³K. The accurate
representation of a snow cover and of the thermal
properties variations of the ground according to its
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state (frozen or not) and water content would require
a much more involved simulation work. They are
therefore neglected, which do not impede the
comparative analysis of the results.
The ground surface and the above ground, outside
surface of the foundation wall are supposed at the
outside air temperature, which is also a simplifying
assumption. Both left and right simulation domain
limits shown on Figure 1 are adiabatic. The bottom
limit of the ground has a fixed temperature equal to
the annual average of the outside temperature. The
inner side of the foundation exchanges heat to the
basement zone by convection. The vertical and
horizontal convection coefficients are taken as
8.3 W/m²K and 6.0 W/m²K. The basement
temperature is fixed at 20°C. The daily averaged
typical meteorological year (TMY) temperature
profile for Montreal, Canada, is taken for the outside
temperature. It ranges from -21.7°C to 25.9°C and
has an average value of 6.5°C. It is also plotted on
Figure 2.
The model is run for 5 years while only the results of
the last one are considered. This allows the impact of
the initial conditions to fade out. Heat losses are
computed over the inner surfaces of the foundation in
contact with the basement air. Heat losses (MJ/m) are
reported over the year and over a “winter period”,
going from November 1st to April 30th. This coarsely
corresponds to the heating period for this climate and
typical construction. The average rate of heat losses
(W/m) during the month of January is also reported.
It is the coldest month of the year. All the reported
results are per meter, i.e. per unit of foundation
perimeter.
To qualify the time shifting impact of the thermal
masses, a specific indicator, called shift, is defined.
The Fourier transform of both the temperature and
heat loss rate are first computed to isolate the yearly
components. The shift is then defined as the phase
difference between those yearly components, minus
π. The result is expressed in days. It corresponds to
the time delay between the minimal filtered
temperature and the maximal filtered heat loss rate. It
is graphically shown on Figure 2.

RESULTS AND ANALYSIS
Insulation location
The first set of simulations compares 3 basement
wall insulation configurations having the same total
level of insulation but located either on the inner side
(IS) of the foundation wall, on its outer side (OS), or
equally split (ES) on both sides. In each case, the
total insulation has a RSI-1.76 value (R-10).
For simulation purposes, a 5 layers wall is
constructed. The material composing each layer is
defined is table 1. The insulation material thermal
conductivity and volumetric heat capacity are kin =
0.0568 W/mK and sin = 0.0484 MJ/m³K.

Table 1 : Wall composition according to the
insulation location
#1
#2
#3
#4
#5
Layer
Thickness
0.05
0.05
0.10
(m)
IS
con
con
con
ES
ins
con
con
OS
ins
ins
con
con = concrete, ins = insulation

0.05

0.05

ins
con
con

ins
ins
con

The resulting wall geometries are shown of Figure
3a, 3b and 3c. These figures also show the
temperature distributions in space on January 15th.
They illustrate how the concrete wall temperature is
affected by the insulation location on one of the
coldest day of the year. Obviously, the warmest
concrete wall temperature occurs when the insulation
is located on the outside of the wall (OS). When the
insulation is located on the inside, the temperature of
the above ground portion of the wall gets several
degrees below freezing point. It is also in this case
where the steepest concrete wall temperature gradient
occurs. This also means that the vertical heat transfer
through the wall is the greatest of all cases. It is also
interesting to note the temperature difference of the
footing according to the insulation location. When
there is interior insulation, the wall is no longer in
direct contact with the slab extremity. The presence
of interior insulation cuts the thermal path from the
footing to the inner surface of the basement wall. In
consequence, the footing is colder.
Figure 4 shows the rate of heat loss of the whole
foundation through the typical year. During
wintertime, the heat losses of the inner side (IS)
insulation case are the highest. The heat losses of the
outer side (OS) insulation case are slightly less but
follow the same trend. The heat losses of the equally
split (ES) configuration is somewhat damped and
shifted in time in comparison to the other cases. The
heat losses are also noticeably less than the others in
wintertime. Outside the winter period, taken from
days 1 to 120 and 305 to 365, the situation differs but
is of less importance since the heat losses are not
covered for by a heating system.
Numbers of Table 2 confirm those observations. The
heat losses of cases IS and ES are comparable
whatever the considered time period is. The heat
losses of the equally split configuration are reduced
by 3% in January and in the wintertime in
comparison to the inside insulation case. The global
shift indicator increases by 2 days, in accordance
with the observations of Figure 4. The manipulation
of the insulation location has allowed to only
marginally increase the time shift of the heat losses
through the foundation.
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Table 2 : Heat losses according to insulation
location
Yearly
Winter
Average
Shift
Cases
losses
losses
January
losses
MJ/m
MJ/m
W/m
days
IS
955
602
44,1
18
ES
938
584
42,7
20
-2%
-3%
-3%
+2
OS
956
595
43,5
18
-1%
-1%
Additional mass
The second part of the study looks at a construction
assembly adding mass to the existing wall heat
storage, shown on Figure 5. This is produced with an
underground insulating shell at a given distance from
the basement wall. The gap between the vertical
section of the shell and the basement wall is packed
with backfill (ground) material. With the progressive
addition of the shell components, the enclosed
backfill material gets thermally linked to the
foundation wall. Simulations are run after the
addition of each of the shell components, which
produces insulation configurations A to F of Figure
5. Every insulation board shown on these drawings
have a 1.76 RSI value.
The general geometry of the model is still the one of
Figure 1. However, the way insulation is treated in
the model differs from the first part of the study. On
the inner side, the insulation is simulated by
combining its thermal resistance to the convection
coefficient, as of equation 1.

hv,comb =

1
1
+ Rins
hv

(Eq. 1)

Except on the inner side of the wall, insulation is
treated as a material 0.05 m thick having the same
properties as the insulating material of the first study.
The base case is denoted as case A on Figure 5. It has
insulation on its inner side to a RSI 1.76 value but the
slab is left uninsulated. That seems typical for
existing excavated basements in cold areas. The
second case, B, adds insulation on the above ground,
exterior surface of the wall. Case C adds a 0.60 m
wide horizontal sheet just under the ground surface.
Case D affixes a vertical section to the horizontal
sheet of case C down to the slab level. Case E adds a
horizontal component at the slab level to close the
insulating shell. Case F is used to compare the impact
of the additional thermally linked mass with a
geometry having a similar level of insulation. It has
insulation on both sides of the wall. Figures 6 and 7
show the heat losses for each case according to the
time of the year while Table 3 summarises for the
different time periods.

Table 3 : Heat losses according to insulation
configuration
Yearly
Winter
Average
Shift
Cases
losses
losses
January
losses
MJ/m
MJ/m
W/m
days
A
975
616
44,8
17,9
B
946
591
42,7
20,1
-3%
-4%
-5%
+2.2
C
887
536
37,9
26,1
-9%
-13%
-15%
+8.2
D
830
488
33,8
29,5
-15%
-21%
-25%
+11.6
E
825
486
33,7
29,2
-15%
-21%
-25%
+11.3
F
829
494
34,7
26,5
-15%
-20%
-23%
+8.6
The geometry of the second study differs from the
first as the internal insulation does not separate the
slab extremity from the wall. They stay in direct
contact. The thermal connection of the slab extremity
and the wall in case A contributes to the excess
losses of case A in comparison to case IS.
In comparison to case A, case B heat losses are
reduced but not shifted much. The relative impact
over the whole year, the winter and the month of
January are similar. It can be seen that some rapid
fluctuations of the heat losses are damped but not as
much as with case C. The addition of the horizontal
insulation at the ground surface not only reduces the
wintertime heat losses by 13%, and the average
January losses by 15%, but shifts the heat losses by
an additional 8 days. The dampening effect can also
be seen on Figure 6, where the heat losses of case C
does not exhibit the sharp decrease experienced by
cases A and B past the 140th day since the beginning
of the year (May 21st). Unsurprisingly, Case D has
still lower heat losses than case C, especially during
the heating season. It also produces a greater shift.
The closing of the shell at its bottom (case E) has
little impact on the heat losses. On Figure 7, the plot
of case E is almost indiscernible from case D. The
yearly losses of cases D and E are about the same as
those of case F, which has insulation directly on both
sides of the concrete wall. Cases D, E and F have
similar levels of insulation on their full height. The
greater shift indicator of cases D and E in comparison
to case F is also apparent when looking at the
wintertime and January heat losses, which are a bit
lower with the ground assembly. This advantage is
however small when considering the additional
complexity involved in building the assembly.
Thermal mass effect
From the results of the two studies presented, the
manipulation of the insulation location for a
comparable level of basement insulation has
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negligible impact over the year round heat losses.
The impact is greater over the heating season and the
coldest month, as expected from a dampening and
time shifting thermal mass. However, although
greater, the impact is no more than slight and has
little chances of modifying the way basements are
insulated.
The thermal mass effect can also be observed on the
base of the shift indicator. For regular inside
insulation (cases IS and A) the delay between the
minimal filtered temperature and the maximal
filtered heat loss rate is of 18 days. With sandwiched
insulation, this can be increased by a few days. This
is not enough to significantly shift the heat losses out
of the heating season window. The existing shift in
regular basement construction helps delaying the
basement heat losses out of the peak heating demand
period. This makes easier managing the load of
electrically heated buildings. The few additional days
are only an incremental benefit on this aspect.
Although the manipulation of insulation around the
thermal mass of excavated basements materials and
nearby ground has not caused valuable changes in
annual heat losses, it has smoothed the heat loss rate
curves as seen on Figures 4 and 6. This can also be
seen by looking at the RMS value of the change in
heat losses from a day to the next.

RMS ∆HL =

1 364
(HLd − HLd +1 )2 (2)
∑
364 d =1

Table 4 shows the RMS ∆HL computed over the
studied periods of the year for the cases of the first
study. It shows that the RMS values are smaller when
computed over the whole year than in winter or in
January. The sandwiched insulation of case ES has
allowed to significantly decrease the RMS value of
heat loss variations from a day to the next. That
shows the greater ability of the sandwiched
construction to filter out in between days
fluctuations.
Table 4 : RMS of the change in heat losses from a
day to the next
RMS ∆HL
Cases
yearly
winter
January
IS
ES
OS

MJ/m
0.060
0.035
0.053

MJ/m
0.071
0.041
0.064

W/m
0.076
0.042
0.067

Another interesting observation is the comparison of
the amount of sensible heat stored in the masses to
the heat lost to the outdoor. In the models of this
paper there is 0.44 m³ of concrete in the wall by
meter of perimeter length. In the second study, the
shell construction encloses about 1 m³ of ground by
meter of perimeter length. The thermal capacities of

these volumes of materials are respectively 1.06 and
1.44 MJ/K. Supposing a 1 K temperature span, these
sensible heats are 2 orders of magnitude larger than
the RMS value of the heat losses variations from a
day to the next, which they were shown to
significantly impact. They are however 3 orders of
magnitude less than the annual heat losses (Table 2
for example). The manipulation of the insulation
location around the thermal masses had far less
impact over the annual heat losses.
Two paths therefore seem possible to increase the
role of the passively stored energy within the
basement materials in reducing the heat demand. The
first is to increase the amount of stored energy. That
would require either denser materials or phase
change materials and much larger volumes which is
hardly marketable. The second option is to reduce the
heat loss rate to much lower levels by use of higher
insulation levels. However, as heat losses are
reduced, the economics of tuning the building
thermal masses are also lessened. This situation gives
little place for the basement thermal masses to
passively play a significant role in reducing the heat
losses.

CONCLUSION
This paper had explored different basement
insulation configurations in order to take advantage
of the thermal mass of the excavated basement
foundation system for improving the thermal
performance of the building in a heating dominated
area. It was shown that some configurations in which
insulation is located on both sides of the concrete
wall noticeably smooth the daily heat losses
variations. In spite of this, the winter and January
heat losses were only reduced marginally. The time
of occurrence of the losses has also been delayed
slightly. The passive use of the basement thermal
masses for reduction of the heat losses is limited in
comparison to the impact of additional insulation.
A promising retrofit option has been exposed for
excavated basements. These are usually already
insulated on the inside and are generally finished
which means that the inner side of the wall is no
longer accessible for thermal upgrade. Results for
case C have shown that the winter heat losses can be
reduced by 13% by adding two segments of RSI-1.76
insulation, one over the above ground exterior wall
surface and the other horizontally, just below ground
level, for the first 0.60 m from the wall. This type of
installation can be performed from the outside,
without requiring large excavation equipment and is
well matched with siding upgrades.
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NOMENCLATURE
hv ,comb

hv
Rins
RMS ∆HL
HLd

Combined heat coefficient on vertical
surface (W/m²K)
Convection coefficient on vertical
surface (W/m²K)
Thermal resistance of the insulation
board (m²K/W)
Root mean square of the change in heat
losses from a day to the next

thermique des systèmes, June 20-22, Saguenay,
Canada.
Mitalas, G.P., 1983, “Calculations of basement heat
loss”, ASHRAE Transactions 89 (1), p. 420-438.

Heat loss on day d (MJ)
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hv= 8.3 W/m²K
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Figure 1: General model geometry
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Figure 2: Shift indicator

Figures 3a, 3b and 3c: Temperature distributions on January 15th, for the IS, ES and OS cases
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Figure 4: Rate of heat loss according to the insulation location and time
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Figure 5: Insulation configurations for the additional mass simulation set
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Figure 6: Rate of heat loss according to the time of year for cases A, B, C and F
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Figure 7: Rate of heat loss according to the time of year for cases C, D, E and F.
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