Journal of Physics: Conference
Series

OPEN ACCESS You may also like

Sensitivity analysis of centrifugal

CFD investigation of the influence of low emissivity  compressors aetoduranic oses using
-mean streamline prediction technique

coatings to reduce domestic energy consumption Mostafa Mahmoud and S. Shaaban

- Infrastructure performance of irrigation
canal to irrigation efficiency of irrigation

area of Candi Limo in Mojokerto District
S Kisnanto, R R R Hadiani and C Ikhsan

To cite this article: S Buckingham et al 2012 J. Phys.: Conf. Ser. 395 012151

- Study on performance-based seismic
design theory

View the article online for updates and enhancements. Yujie Wang

@ = DISCOVER

how sustainability

The : ' : intersects with
Electrochemical ¢ ]
Society

Advancing solid state &
electrochemical science & technology

This content was downloaded from IP address 18.117.111.1 on 08/05/2024 at 03:30


https://doi.org/10.1088/1742-6596/395/1/012151
https://iopscience.iop.org/article/10.1088/1742-6596/2128/1/012029
https://iopscience.iop.org/article/10.1088/1742-6596/2128/1/012029
https://iopscience.iop.org/article/10.1088/1742-6596/2128/1/012029
https://iopscience.iop.org/article/10.1088/1757-899X/333/1/012096
https://iopscience.iop.org/article/10.1088/1757-899X/333/1/012096
https://iopscience.iop.org/article/10.1088/1757-899X/333/1/012096
https://iopscience.iop.org/article/10.1088/1755-1315/669/1/012020
https://iopscience.iop.org/article/10.1088/1755-1315/669/1/012020
https://pagead2.googlesyndication.com/pcs/click?xai=AKAOjstEeOTizW6fckJVxKVu3XSy-44ocunaXTO2M3FRsfe72PBIDSDfRSNONj37lMgWte8JxG4tyR45RRACFAk6-V_CzN32v9Ir1YWz_ITt1bn49HfbRm8tykY48Tc-__Yl8vpV5HicNmouMrIMogCkjeEyAyqaWzB2OQ9fhaJ49qd891EOkmY8heb5TX3-WcSMRKHRH_ThsEDXL-LF2NXOWNsIfMnohLob-Mk3DEI_QbgcijyPSXuFR-rwA4pi2ClOGtFsQoFsN8xtgDzX_IXIKu_ja7m2WSYVGsk9G0fDe_VQzc43f2dJRTqXw_gnTG0c1qEn-tI0M5XXrNgfJ6P0UpgRXFvu1A&sig=Cg0ArKJSzD0sJFc3jZ2h&fbs_aeid=%5Bgw_fbsaeid%5D&adurl=https://iopscience.iop.org/partner/ecs%3Futm_source%3DIOP%26utm_medium%3Ddigital%26utm_campaign%3DIOP_tia%26utm_id%3DIOP%2BTIA

6th European Thermal Sciences Conference (Eurotherm 2012) IOP Publishing
Journal of Physics: Conference Series 395 (2012) 012151 doi:10.1088/1742-6596/395/1/012151

CFD investigation of the influence of low emissivity coatings
to reduce domestic energy consumption

S Buckingham?, C. Goffaux?, D Jacquet? and L Geron?
LEnergy and Buildings team, Cenaero, Belgium.

2 ArcelorMittal Montataire Research, France.
3ArcelorMittal Liége Research, Belgium.

E-mail: sophia.buckingham@cenaero.be

Abstract. The opportunity to perform energy savings at a kitchen room scale was humerically
explored by applying low emissivity coatings to internal surfaces of walls and external casings
of appliances. The study focuses on the radiator's heating consumption necessary to maintain
the desired comfort temperature. The objective is to provide reiable scientific proof of the
added value of low emissivity coatings by performing CFD (Computational Fluid Dynamics)
simulations. Based on this domestic cavity model and a gray-body approach, a parametric
study was performed covering a wide range of surface emissivity combinations, in winter
weather conditions. The risk of overheating is aso analyzed in summer westher conditions.

1. Introduction

As a large portion of the unwanted heat flux goes through the envelope of buildings, better
understanding the influence of surface properties may significantly contribute to lower these losses. In
particular, appropriate optical functions such as solar reflectance and infrared emissivity can be very
beneficial.

ArcelorMittal is looking into the benefits of developing low emissivity coatings to reduce domestic
energy consumption, and more specifically the heating consumption of aroom. More specificaly, it is
based on technologically advanced products in the form of controlled and optimized emissivity
surfaces. The primary objective is to provide reliable scientific proof demonstrating the concept's
value and commercial interest, in the form of state-of-the art Computational Fluid Dynamics (CFD)
numerical simulation. The strengths of the CFD approach are to provide a 3D-representation of the
local flow conditions while allowing for a detailed description of the numerical model. The chosen test
case is representative of a kitchen equipped with an oven and a fridge as appliances and a radiator.
Multi-physic calculations, coupling the convective, conductive and radiative heat exchanges, are
computed. In the absence of experimental validation, a high-fidelity model is developed based on an
incremental and comparative approach.

The first task of the project has been to set-up the adequate models and tools to best represent the
domestic cavity. Particular care is taken while setting-up the various boundary conditions in order to
be consistent with standards effectively used in building physics while delivering representative
results. Once these features implemented, the cavity model is exploited by varying the emissivity
values of the walls and outside casings of the appliances. The surfaces are regrouped by logical types
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and treated as gray-bodies while limiting the emissivity to a standard and low value in order to best
characterize the coating's impact. These simulations are performed in both winter and summer westher
conditions. These different configurations effectively induce changes in the radiative exchanges in
between the various surfaces which directly affects the room's behavior as a whole. Consequently, a
set of characteristic thermal outputs are compared based on which the profitable use of the coating in
terms of energy savings is demonstrated according to the surface applications.

2. Methodology

2.1. Governing eguations and turbulence model

The simulations are performed with the CFD package ANSYS FLUENT 13.0 [1], which uses the
control volume method. Unsteady Reynolds Average Navier-Stokes (URANS) equations are used in
combination with the energy equation to account for the thermal effects. Furthermore, the Boussinesqg
equation is best-suited to represent these thermo-convective effects as the temperature gradient
between the external casing, the heated walls and the ambient is acceptable. The pressure-based solver
is selected as it is the best-suited to low speed flows. Although the emissivity remains constant in this
study, the radiative exchanges are modeled by the DO radiation model, only model able to overcome
this gray-body simplification and offer the possibility of defining multiple wavelength bands. This will
allow us to compare the effect of the gray-body hypothesis in the continuation of this work. Flow
turbulence is modeled and the k-epsilon Realizable turbulence model is chosen for closure. A second
order upwind-scheme is used to improve sptatial accuracy and limit diffusivity.

2.2. Kitchen configuration and computational mesh

The selected case is representative of a room which is 4 meters wide in both directions and 2.5 meters
high. It is equipped with an oven (0.5x0.5x0.4 meters) placed on aworking plane, afridge close to the
(y+) wall and aradiator positioned along the opposite wall. The computational domain comprises the
air volume of the room and the 4 cm thick insulation casings of the appliances. A view of the room is
proposed on figure 1. All walls are infinitely thin, however their thermal resistance is accounted for by
the 'shell conduction’ option proposed by ANSYS FLUENT.

Exchanger

Refrigerator

B Oven
Working plane
Radiator u‘

\(XY

This approach takes into account the conductive exchanges perpendicular to the wall as well as the
wall's inertia in case of transient simulations. A fictitious thickness of 15 cm is affected to all walls.
Only the (x+) wall isin direct contact with the exterior while al others are in contact with neighboring

Figure 1. Kitchen configuration Figure 2. Fridge exchanger
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rooms. The radiator is modeled by a volume of air that measures 1x0.15x0.5 meters and the front (y+)
solid vertical plate. The fridge is represented by its main components illustrated on figure 2 with the
exchanger dightly shifted compared to the evaporator placed vertically at the back of the main casing,
that measures 0.6x0.6x1.5 meters. Finally, material properties given by the density p, the specific heat
C, and the conductivity k are summarized in table 1.

Table 1. Material properties.

Material Surface p [ka/m3  C,[J(kg.K)] k [W/(m/K)]
Concrete Walls (x-, y+, z+) 1500 840 12
Insulation 1 Fridge casing 15 1400 0.02
Insulation 2 Oven casing 15 1400 0.08

Wood Work plane 700 2310 0.17
Concrete-insulation  Exterior wall (x+) 1005 842 011

The properties of the exterior wall (x+) are homogenized by weighting according to the thickness
of the individual layers. A relatively coarse mesh was generated with the software GAMBIT and used
throughout the study in order to keep a reasonable computational time. The 'standard’ wall function
(SWF) is chosen to approximate the near-wall effects, with afirst cell size of 3 cm (Y. max ~ 45). The
maximum cell size is kept below 25 cm, which resultsin atotal number of 539 845 cells. Moreover, it
is likely that the mesh has little influence on the global quantities of interest such as the average
temperature of the room, or the average hesat fluxes experienced by the appliances. This approach is
supported by the fact that the comparative study is carried-out in relative values.

3. Implementation of the CFD simulation
3.1. Boundary conditions

3.1.1. Walls and envelops of appliances. The kitchen walls can be distinguished as follows: the interior
walls (x-, yi), the exterior wall (x+) and the horizontal walls (ceiling z+ and ground z-). An
“adiabatic” boundary condition (BC) is applied to these last two walls, considered well isolated. A
“mixed” type of BC is affected to all vertical walls, allowing to distinguish between convective and
radiative heat exchanges with the surroundings. The convective exchanges are characterized by
atributing a value to the convective heat transfer coefficient (CHTC) and to the free-stream
temperature T... As for the radiative exchanges, these are defined by specifying the external radiation
temperature T4 and the internal and external emissivities. The CHTC values are fixed according to
ISO standards [2]. In the case of interior walls, the free-stream and external radiative temperatures
both correspond to the average temperature present in the neighboring rooms. The internal emissivity
is directly equal to the surface's emissivity s but for the external emissivity value the cavity effect
must be considered since the neighboring rooms are not being modeled. This effect is simplified to the
case of two infinite parallel walls, such that: ecor = 1/[(Leg)+(1/es)-1].

Naturally, this last point differs for the exterior wall, where radiative exchanges are corrected by a
factor F=0.5 [2] to take the surface's vertical inclination into account. The low-emissivity coating will
not be applied to this outside surface but a standard emissivity value (divided by two) will be applied.
The free-stream and external radiative temperatures remain equal to each other to match with 1D-
building modeling softwares for future comparison. These both correspond to the exterior temperature
Te. INn oOrder to represent extreme weather situations, the average values measured in Stockholm
throughout January (at 6:22 am) [10] are chosen to represent winter conditions. All boundary
condition values are summarized in table 2. A “convective” type of BC vaues is applied to the oven
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and fridge. An inside temperature of 5 °C is advocated [2, 3] for a fridge and 200 °C represents a
typical cooking temperature for an oven. The CHTC values are adjusted by inverse analysis to obtain
realistic temperature gradients between the interior walls and inside temperatures of around 4 °C [4]
and 45 °C [5, 6] when the fridge and oven are 'on' respectively. These parameters are fixed to 5 W/
(m2.K) for the oven and 3 W/(m2.K) for the fridge. A “constant temperature” BC is affected to the
fridge components. The exchanger, positioned at the back of the fridge by simplification [7, 8], is
fixed to 50 °C whereas a temperature of -0.5 °C is assigned to the evaporator, taken equa to the
average value of the 'on/off' cyclesit typically follows[9].

Table 2. Boundary conditions applied to vertical walls (e surface emissivity)

Wall T.[°C], Tra he [W/(m2.K)] Internal ¢ Externa ¢ Qserr [WIM?
Interior 20 in winter 25 € V[(Ues)+(Ues)-1] X
23 in summer
Exterior -1.8 in winter 23 €s &2 0

27.8 in summer

3.1.1. Radiator. The radiator has been designed to provide 2/3-1/3 proportions between convective and
radiative contributions to the room. To respect this ratio, the radiator is modeled in two parts. The
vertical plate accounts for both types of exchanges while the source volume is purely convective. A
“constant temperature” BC is applied to the plate with a redlistic value of 50 °C. As for the heat
source, the source istuned and finally adjusted to 500 W so as to reach a comfort temperature of 23 °C
(from an initial temperature of 15 °C) in a redistic time of dightly less than 2 hours, as shown on
figure 3. Finally, in order to account for the plate's inertia, ramps of 3 minutes are implemented in
between the 'on' and 'of f' cycles.

3.2. Time step dependency study

After completing the preparation phase of the model, severa sensitivity studies are conducted to
optimize the simulation parameters. This is an essential stage of the model development since
parameters such as the time step can considerably affect the reliability of the model. The chosen
convergence criterion is based

The simulation run for these tests departs from a uniform temperature of 15 °C. The oven and fridge
are kept 'on’ throughout the calculation and the radiator is functioning to insure a room temperature of
20 °C. No coating is present such that a standard emissivity of 0.9is applied to al surfaces.
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Figure 3. Temperature risein the room Figure 4. Time step dependency study
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The time step isto be adjusted along with the number of inner-iterations in order to allow the flow
to converge in between each time step. In the case of low speed flows driven by natural convection,
the residuals can be misleading. A safer adternative isto look at how the flow quantities converge. On
figure 4, the average room temperature chosen as convergence criterion is plotted as a function of the
inner iteration number for a time step of 15 seconds and 75 inner iterations. It can be seen that this
combination of values is sufficient to allow the quantity to stabilize. This behavior allows for dlightly
fewer inner iterations, reduced down to 60 for afixed time step of 15 seconds.

4. Implementation of the CFD simulation

4.1. Scenario

A standard scenario is designed to be as representative as possible of the typica usage of a kitchen.
The physical time covered by the simulation is fixed to 3 hours so that a result can be obtained in
about 12 hours on 32 processors. To remain redlistic, the fridge is kept ‘on’ throughout the run and the
oven is switched on after 90 minutes and functions for 45 minutes. As for the radiator, it follows a
cyclic behavior in winter to maintain a comfort temperature of 20 °C around the thermostat region.
The reference temperature T« is averaged within a control volume [0.6x0.6x0.3 m] located close to
the middle of the internal wall (x-) at 1 meter high.

4.2. Smulation cases

The emissivity is the only parameter investigated here and moreover, the coating is applied to the
interior wall surfaces and outer casings of the appliances. Firstly, the ground was excluded from the
walls of interest and the remaining surfaces were regrouped in alogica way so as to focus on the most
informative configurations. This approach leaves us with 4 groups of surfaces, namely the interior
walls (x-, y+), the exterior wall (x+), the ceiling (z+) and the outer casings of the oven and fridge.
Consequently there are 4 inputs that remain, corresponding to the emissivity values of each of these
groups of surface, namely emin, &+, €+ and & respectively, which for simplicity can take only two
values representative of the presence or not of the coating. One of the objectives being to exploit the
entire domain, a standard value of 0.9 is chosen in the absence of coating and a very low-emissivity
value of 0.1 otherwise. All other surfaces are kept at 0.9. All 16 possible combinations listed in table 3
are smulated. The case 1 for which al surfaces are standard will be taken as reference. From cases 2
to 5, the effect of only one input is considered since the coating is applied to a single group of
surfaces. A combination of surfaces are coated from cases 6 to 15, while dl of them are in the last case
16. This series of configurations will alow to first isolate the influence of each input separately and
then consider the way these interact with each other. In summer conditions however, the runs were
limited to the most instructive cases 1-5 and 16., denoted s1-s5 and s16 respectively.

Table 3. Simulation cases
Case 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
gmw 09 01 09 09 09 01 01 01 09 09 09 01 01 09 01 01
& 09 09 01 09 09 01 09 09 01 09 01|01 01 01 09 o01
&« 09 09 09 01 09 09 01 09 01 01 09 01 09 01 01 o1
& 09 09 09 09 01 09 09 01 09 01 01 09 01 01 01 01

4.3. Initial state

A common initialization technique is adopted to begin the transient simulations from a realistic state.
Indeed, it is critical to start with aroom aready in regime considering itsinertia and particularly of the
walls. All as important, thermal stratification caused by therma gradients should be present. To best
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match these conditions, steady calculations were run with all of the equipments switched-off, and the
average room temperature was forced to approach an initial value Tin: of 15 °C. This value was
imposed through a volume source defined as: Qsurcei = . (Tinit — Trer,i), Where Quurcei 1S the amount of
heat injected at iteration i. This source forces the reference temperature to strive towards the desired
temperature. Figures 5 and 6 (case 1) illustrate the thermal stratification present in the room and the
wall temperature distributions respectively.

paSS 1.78e+01

1.77e+01
1.74e+01
1.72e+01
1.6%e+01
1.67e+01
1.Bde+0l
1.62e+01
1.B0e+01 [0
1.57e+01
m 1.65e+01 |
1.52e+01
1.50e+01 |
1.47e+01
1.45e+01

1.43e+01
1.36e+01 /

L4fe+01 0
1.38e+01
1.366+01
1.33e+01 13%e+01 (‘Z\Y [
1.30e+01 306401

Figureb. Initial stratification Figure 6. Wall temperature gradients
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1.40e+01
1.38e+01

5. Parametric study

5.1. Influence of the coating in winter conditions

Interpreting the results is relatively intuitive since the analysis is based on the radiator's power
contribution, closely related to heat consumption. Firstly, the individual effect of the different groups
of surfaces shown on figure 7 (cases 2 to 5) are investigated before looking into the more complex
configurations. In the reference case 1, for which none of the surfaces are coated, the mean power
contribution is of 315 W over the 3 hour run. The exterior wall increases the required contribution by
about 5 % while the appliances have the opposite effect. This positive influence is amplified in the
case of the ceiling (~12%) and furthermore for the interior walls (~24%). Although limited, the gain
obtained thanks to the appliances can be attributed to the temperature rise experienced by the oven's
outer casing which heats up even more its environment. However, the gain does not exceed 4.7 % due
to alimited exchange surface and operating period (a quarter of the simulation time).

Radiator's power contribution to the room Average ceiling temperature
26
340 Be=09
> —
350 | None-ref Ext.wall 25 Ae=0.1
— e mean, €=0.9
B e mean, €= 0.1
300 A _
= 2= 2 A 2 A A_a
5 280 v ° = s a
= 2 2
g o
= 20 2 L [ ]
° g 21
[ Q| e
240 ® [ (] o o =
Int.walls 20 L [ ]
220
19
200 18
1 2 3 4 5 o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 1€
Simulation cases Simulation cases
Figure 7. Radiator's contributions Figure 8. Temperature changes (z+)
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When applied to the exterior wall, the coating causes a temperature drop of 2.5 °C, itsinterior surface
decreasing from 16.8 down to 14.3 °C in average as can be seen on figure 9. Naturally, thisimpacts on
the room, with the ambient air further cooled down by the surface, as shown by the CHTC values
represented on figure 10, reinforced by more than 60 %. To conclude, these results indicate that the
colder the surface compared to the room, the larger the energy loss as the coating amplifies the
temperature difference.

At the contrary, the ceiling is by nature warmer than the room (T, ~20 °C) asitisin direct contact with
the warmer air, driven upwards by natural convection. In agreement with previous studies [11, 12],
results indicate that a significant reduction in total heat flux can be achieved with a low emissivity
ceiling surface. The coating amplifies these effects with a temperature that increases from 20.5 °C to
22.7 °C as shown by figure 8, reducing the radiator's contribution by 12 %.

Finally, although the impact of the interior walls is the strongest with a 24 % energy gain, the role
played by these surfaces is difficult to interpret due to the multiple exchange surfaces. Nevertheless
some of these interactions clearly stand out. Referring to figure 11, the temperature drops experienced
by wall (y+), encircled in black, coincide to everyone of the coated configurations. Indeed, the wall is
being less warmed-up by the exchanger and radiator plates it directly faces. Considering now wall (x-)
opposite to the colder wall (x+) in contact with the exterior, these same cases correspond to
temperature rises as the coating causes the opposite effect. The temperature variations observed by
wall (y-) are harder to relate because of surface interactions. Due to these and the very small
temperature differences, the influence of the interior walls appears more complex than for the other
surface groups, but results indicate that in these conditions the coating is very beneficial.

Temperature of the inside surface of the exterior wall Convective heat flux along the wall (x+)
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Figure 9. Temperature changes (x+) Figure 10. Convective changes (x+)

To complete this analysis, the results provided by the remaining simulations (6-16) are analyzed, in
which the coating is not only applied to a single group of surfaces but to a combination. All results,
reported on figure 12, are categorized in four classes according to the relative difference (/case 1) in
the radiator's power contribution: losses [0% ; +5%], weak gains[0% ; -10 %], medium gains[-10 % ;
-22 %] and strong gains [-22 % ; -30 %j].

In the first category “losses’, both cases 5 and 8 have the coating applied to the exterior wall (x+),
which has a negative influence as seen previoudly. In case 8, coating the appliances in addition has a
limited effect at room scae. As for 'simple’ case 4 where the oven and fridge are coated, in case 7
“weak gains’ result from losses induced by the coated exterior wall (x+) compensated by the positive
influence of the coated ceiling.
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“Medium gains’ are associated to 'ssmple’ case 3 for which the coating is applied to the ceiling.
Case 10 provides similar gains with in addition coated appliances, while case 15 includes 3 groups,
coating also the exterior wall (x+). Also in this category are combinations of exterior wall (x+) who's
losses are compensated by the interior walls, with and without appliances (cases 6 and 13
respectively).

For the best configurations, the energy gain exceeds 22 % thanks to the coated interior walls. This
last group of surfaces dominates in any case, except when the coating is aso applied to the exterior
wall (x+) which dightly diminishes the gains down to medium. To conclude, the coating behaves
logicaly in these combined cases since generally the results correspond to a superposition of 'simple
cases that conserve their own positive or negative influences.

Average temperature of the interior walls Radiator's power contribution
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Figure 11. Wall temperature changes Figure 12. Simulation classification

To finalize this comparison, we should mention that there are several factors that determine comfort of
occupants within a room. There is not only ambient air temperature but aso humidity, radiation, air
movement, intrinsic clothing and level of activity. However, in the frame of this project, measurable
parameters are air temperature and wall temperatures. The 'felt' temperature can be simplified down to
an average value of air and wall temperature. By comparing the time average values obtained in cases
1 and 16, the difference is only of 0.2 °C. Consequently, we may assume that the difference in terms
of additional energy required to reach the exact same 'felt' temperature would be negligible.

5.2. Room comfort in summer conditions
In summer conditions, the analysis of the coating's effect at room level is conducted based on the room
temperature differences. The time variations throughout the simulation are compared on figure 13.

These distributions indicate that the coating does not lead to any improvement compared to the
standard case 1 since the room temperature increases. Nevertheless, in the most disadvantageous cases
thisrise is limited to about 1.3 °C when the oven is 'on’, and 0.6 °C otherwise. Once again, each case
can be classified into 3 different categories according to the temperature increase observed at room
level: negligible [0 °C ; 0.2 °C] when applied to appliances and exterior wall, very weak [0.2 °C ; 0.4
°C] for the ceiling and weak [0.4 °C ; 1.3 °C] when the interior walls are coated.

To conclude, the coating does not bring any gain in the summer but it is important to note that the
comfort conditions are very weakly affected by its presence since over-heating (> 25 °C when oven
off) is avoided. Consequently, it appears perfectly reasonable to apply permanently the coating to
benefit from the energy savings achieved in winter, provided the surfaces to coat are carefully chosen.
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Figure 13. Room temperature distributions in summer

6. Conclusions

To conclude, this study has shown that a low-emissivity coating is able to considerably reduce the
heating consumption of the room. A high degree of reliability was insured by scrupulously
implementing the cavity model for it to be as representative as possible of the modeled kitchen. The
boundary conditions were imposed according to standards and parameters tuned following common
sense and in agreement with published studies. An important effort was also dedicated to choosing the
models and simulation parameters such as the time step. Based on this simulation model, the
parametric study was implemented to satisfy the problematic as efficiently as possible. The calculation
effort was reduced by limiting the potentia areas of application of the coating to the most relevant.
The results demonstrate that the coating can have a significant impact in certain configurations,
identified following a case by case analysis. For instance, it is advantageous to coat the surfaces that
are warmer than the room such as the ceiling. Indeed, the convective heat exchange is reinforced,
allowing to fully benefit from the temperature gradient to heat up the ambiant air which results in a
reduced number of radiator cycles. At the contrary, applying the coating to colder surfaces such as the
exterior wall in winter conditions, can lead to the opposite effect. It is thanks to their important
exchange surface that the interior walls have the strongest impact, with close to 25 % less contribution
needed from the radiator. However, in summer these cause the strongest temperature rise (~1 °C)
athough in any case this same effect is obtained, but avoiding any substantial overheating. It is
therefore possible to fully benefit from the energy gains achieved in winter.

Although the aim was to focus here on heating consumption, these results could also be exploited in
the future to investigate the influence of the low emissivity coating on the losses experienced by the
oven and fridge. An important reduction is foreseen which could be particularly attractive to appliance
manufacturers.
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