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Abstract: With the increasing awareness of sustainable development in the building 

construction the assessment of energy demands for heating/cooling under the influence of 

extended glazing façade, type of glazing, building orientation and energy control 

management strategies have become more important. In this study, focus is given on the 

energy performance assessment of a building zone with an entirely glazed façade, with 

four types of glazing at various orientations, by defining: (a) a desirable indoor zone 

temperature margin (ZTM) and (b) a desirable indoor minimum overnight temperature 

(MOT). Particular emphasis is given on the overheating during the summer season by 

introducing and evaluating the overheating temperature-index (OTI) for the examined 

glazing systems. The modeling and mathematical formulation is based on the thermal-

network modeling approach with distribution of solar radiation on both the external and 

internal zone surfaces in 15 min time increments. Simulation results are given for a 

building zone located at the Mediterranean region. 

Keywords: Thermal-network modeling, building energy performance, glazed facades, glazing type, 

façade orientation 

1.  Introduction 

In recent years a great deal of effort has been placed in achieving sustainable development 

in the building industry with the aim of reducing energy consumption and its 

consequences on the environment. Among the main factors determining the thermal 

performance of buildings are the heat gains/losses through their structural elements, the 

internal heat loads and the rate of ventilation/infiltration air exchanges. As fully glazed 

facades have become very popular, the focus on glazing types such as to have different 

energy performances has been increased. Among the influencing factors are the climatic 

conditions, location and façade orientation. Building glazed facades, depending on their 

orientation, can become potential energy savers if the available solar gain can balance 

thermal losses. Reducing energy consumption, for heating and cooling purposes, requires 

knowledge of the seasonal building loads and employment of reliable energy efficient 

products. Appropriate design and construction of buildings can decrease the energy 

demands. 

     Heat transfer through transparent surfaces is distinctly different from heat transfer 

through opaque surfaces. Because of their transparency, glazing facades transmit solar 

radiation directly into the building. Evidently, the influence of the orientation and type of 

glazing has an important bearing on the overall energy consumption. Previous work on the 

use of thermal-networks for assessing the impact of glazed openings on the maximum and 

minimum indoor zone temperatures and energy demands, as well as to the effect of wall 
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orientation on time lag and decrement factor, has been carried out with a stationary 

thermal model [1-7]. In dealing with such a model, a commonly used approach is to 

assume that the entering solar radiation is modeled by a heat source at the zone’s air-mass 

node. Another simplification is that the entering direct solar radiation loses its directional 

character and is emitted diffusely towards all other surfaces of the enclosure. As to the 

impact of solar radiation on the zone’s external facades, this is conveniently done by 

replacing the outdoor temperature-source by the so called “sol-air temperature” source, 

which combines the effects of outdoor temperature with those of solar radiation on all the 

walls and roof of the enclosure [8]. The sol-air temperature is assumed as a periodic 

function of time on a daily cycle, thus the heat source at the zone’s air-mass node is also 

assumed to be periodic. The above treatment of solar radiation is not adequate when the 

building zone contains thermally massive walls that store the heat produced by the 

absorbed solar radiation. In fact, most of the heat flow through the interior surfaces is by 

radiation. Thus, the absorbed direct solar radiation by the high-mass elements is a 

dominant factor in buildings with large glazed facades. 

     This study aims to accomplish a thermal performance simulation of a zone with a 

rectangle enclosure with one fully glazed façade under the influence of orientation, type of 

glazing and preset comfort parameters of the HVAC unit, defined by the zone temperature 

margin (ZTM) and the minimum overnight temperature (MOT). One key characteristic of 

this work is that in previous work [4] on the glazing opening percentage (GOP) the 

penetrating solar radiation through the glazing has been allocated at the zone’s air-node. 

In this work the impact of glazing orientation and type is determined by distributing the 

incoming energy on the internal surface-nodes [9]. Thus, with this higher resolution 

network model, a more accurate assessment of the impact of ZTM and MOT is achieved. 

     The author has identified the following issues as part of the study boundary: thermal-

network modeling, sun insolation, building orientation, and glazing systems. These issues 

are touched in the next sections of the paper, organized as follows. Section 2 describes the 

zone’s glazed façade thermal-network modeling and the distribution of the penetrating 

solar radiation. In section 3 the effect of orientation and the significance of glazing 

systems are briefly discussed. Section 4 presents the characteristics of the studied zone 

and its temperature settings, as defined by ZTM and MOT. Computer results for the annual 

heating and cooling loads and the impact of ZTM on energy consumption are presented in 

sections 5. The effect of the variation of the upper limit of the ZTM during the cooling 

period is also examined in this section. The impact of MOT and the lower zone-

temperature setting, during the heating period, is presented in section 6. Section 7 

introduces the overheating temperature-index (OTI) and presents results for the peak 

overheating temperature, overheating duration and overheating temperature-index 

(summer season). Section 8 concludes the paper. 

Notation 

A   Apparent solar radiation 

B   Atmospheric extinction coefficient 

C   Diffuse radiation factor 

IB(t)   Penetrating beam radiation into the zone 

IDR(t)   Penetrating diffuse and reflected radiation 

IF(t)   Distributed internal radiation source 

KL   Clearness index 

Aw   Area of glazed surface 
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FS, FD   Sunlit-area and diffuse radiation surface factors 

β   Solar altitude 

φ, ρg   Tilt angle and reflectivity of the ground 

ρx, αx, τx, εx Solar reflectivity, absorptivity, transmissivity and emissivity, 

for surface x 

k, λ, Cp   Thermal conductivity, density and specific heat capacity 

σ   Stefan-Boltzmann constant (5.666 x 10
-8

 W/m
2
·K

4
) 

nr   Number of reflections within the double glazing systems 

zC   Temperature correction (typically taken within 3.7 to 4.0 
o
C) 

To(t)   Outdoor ambient temperature 

Tmin, Tmax  Lower and upper limits of ZTM 

j   Index for radiative sources and surfaces 

ZTM   Zone temperature margin 

MOT   Minimum overnight temperature 

OTI   Overheating temperature index 

2.  Glazing Network Modeling 

The three-dimensional uniform homogenous heat conduction equation in rectangular 

coordinates is: 
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     With the hypothesis of one-dimensional heat transfer the heat conduction may be 

written in the well-known form: 
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     The second order derivative in the x-dimension can be approximated by the central-in-

space difference as follows: 
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     Thus, the temperature gradients are evaluated from the temperature differences 

between node-i and each of its adjacent nodes. To model heat exchanges, the nodes are 

connected by resistances, thus forming a thermal-network. In such a network, node 

temperatures and branch heat flow sources, by the electrical analogy, are modeled by 

voltage and current sources; heat storage is modeled by capacitors connected to the 

various network nodes. Fig. 1 illustrates the circuit model of a double pane glazed façade 

with both the previously used and new approach. In the first approach, the penetrating 

solar radiation is modeled by the time varying current source IQ(t) which accounts for the 

direct and diffuse plus reflected radiation. In this way all the incoming radiation is 

allocated to the zone’s air-node. According to the ASHRAE clear sky model [10] the 

beam IB(t) and diffuse plus reflected IDR(t), radiative components striking the building’s 

glazed façade are given as: 
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     For the completeness of the presentation the solar angles [11] used in the calculation 

are summarized in appendix A. The higher resolution thermal model employed in the 

present study is formed by replacing IQ(t) in Fig. 1, by IFj, j =1 to 5; i.e., by distributing 

the penetrating direct and diffuse plus reflected radiation to the internal surface nodes (3 

walls, floor and ceiling). This is illustrated in Fig. 1 by the dashed area comprising the 

current sources connected to the associated internal surface-nodes. These sources are 

determined by distributing the direct solar radiation according to the sunlit area surface 

factors of the internal surfaces; diffuse plus reflected radiation and non-absorbed direct 

radiation is uniformly distributed on all internal opaque surfaces according to their diffuse 

radiation surface factors. The corresponding equations for the heat produced by these 

radiative components are: 

( ) 51)()()1()()( int,int,int, tojtIFtItIFtI BjjDBjDRjjSFj =⋅⋅+⋅−−⋅⋅= ααα         (6) 

     The remaining heat sources appearing in Fig. 1, caused by Stefan-Boltzmann radiative 

and radiation absorbing sources are defined as: 
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Figure 1: Thermal-network Model of a Double Pane Window with Distributed Solar Radiation on 

the Interior Zone Surfaces. 

3.  Impact of Glazing and Orientation 

As stated earlier the objective of this work is to assess energy performance for a building 

zone with an entirely glazed façade with a varying type of glazing at varying orientations. 

Both the glazing type and orientation provide an opportunity to reduce overall 

environmental impacts relating to energy consumption. With appropriate type of glazing 

and orientation, heating and cooling are reduced, resulting in lower energy consumption. 

In general, the extent and type of glazing affects energy loads by allowing solar energy to 

penetrate into a building zone during winter or prevent it to enter in summer. In winter, 

solar energy can reduce the amount of required heating, whereas in summer it contributes 

to excess heat or can even lead to overheating, which then has to be dealt with the 

provision of cooling. 

     The solar exposure of a glazed façade depends on the zone location and its orientation, 

thus it becomes essential to consider the types of glazing that facilitate or block to some 

extent solar radiation to enter into the zone. For instance in a north oriented façade, the 

solar gain is limited so that heat losses are more important in winter. The four double-pane 

glazing systems that are used in the present investigation are briefly described in the 

following. 

     In double-pane glazing, heat is transferred from the hot side to the cold side by three 

mechanisms: (a) conduction through the glasses and in the gas between the two panes, (b) 

convection in the gas between the two panes and (c) radiation emission interactions from 

one to the other pane. Another important factor is the incident solar radiation, a portion of 
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which is transmitted towards the zone inside. Its absorbed part from each of the two panes 

increases their temperature and eventually is reradiated into the zone as long wave 

radiation. Glazing affects the zone not only in terms of heat transmission but also in terms 

of thermal comfort. Table1 gives the optical properties of the used glasses. The two glass 

panes are separated with 12 mm spacers and their gap is filled with air. The syntheses of 

the 4 glazing systems are given in Table 2. Clear glass, which is the most typical type of 

glazing in Mediterranean residential buildings, transmits more than 75% of the incoming 

solar radiation energy. It is commonly used, in combination with solar-protective glasses, 

in the syntheses of various double pane glazed assemblies. Reflective glasses have high 

visible reflectance, which results in lower visible transmittance and low solar heat gain. In 

absorbing glasses (tinted glasses) the solar absorptance is increased at the expense of 

transmittance; as a consequence, they reduce the energy transmission in the interior of the 

zone. In double-pane glazing, both the reflecting and absorbing glazing is placed on the 

outside pane. Low-emissivity glasses, referred to as low-e, are typically placed at the 

internal pane, in contact with the air gap, to reduce the emission of heat to the outside. 

Table 1: Optical Properties of Glasses for a Normal Solar Incident Angle 

Glass Code εint εext α ρ τ 

 Clear  G1 0.840 0.840 0.158 0.072 0.770 

 Silver reflective  G2 0.850 0.850 0.290 0.280 0.430 

 Blue absorbing  G3 0.850 0.850 0.490 0.050 0.460 

 Low-e coated   G4 0.150 0.850 0.180 0.090 0.730 

 

Table 2: Synthesis of the Four Double-pane Glazing Systems. 

Glazing System Synthesis 

 GL-1 G1 - Air Gap - G1 

 GL-2 G2 - Air Gap - G1 

 GL-3 G3 - Air Gap - G1 

 GL-4 G1 - Air Gap - G4 

 

4.  Zone Characteristics and Settings 

The zone considered in this study comprises the floor, a horizontal ceiling, three vertical 

walls and one vertical glazed façade. The conditioned zone-volume is assumed to be 150 

m
2
 (length x width x height: 10 m x 5 m x 3 m). All facades and roof are exposed to the 

outdoors. The walls (30 m
2
, 15 m

2
 and 30 m

2
) are made of two bricklayers (masonry) with 

an internal urethane layer (insulation). The wall outer and inner skins are plastered with 

cement render. The roof (50 m
2
) is made from three layers comprising reinforced 

concrete, an internal insulation layer of urethane and an inner plastered skin painted white. 

The concrete floor is in contact with the ground and has an insulation layer of polystyrene 

that is covered with tiles. The glazed façade has a total area of 15 m², i.e., it is placed 

opposite to the lower area wall. The thermo-physical properties of the used walls, floor 

and roof materials are listed in Table 3. 
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Table 3: Thermo-physical Properties of Zone Materials 

Material d 

[m] 

k 

[W/m·K] 

λ 

[kg/m3] 

Cp 

[J/kg·K] 

 Reinforced Concrete 0.13 1.670 2350 794 

 Urethane 0.05 0.025 70 1045 

 Light-weighted Plaster 0.01 0.160 600 1000 

 External/Internal Cement Rendering 0.01 0.580 1920 1000 

 External Brick Face 0.07 1.300 2083 900 

 Internal Brick Layer 0.07 0.620 1800 840 

 Polystyrene 0.02 0.027 55 1210 

 Red Tiles 0.01 0.840 1900 800 

     The zone’s heating/cooling is provided by two 5.5 kW independent units. The settings 

of their thermostats define the lower and upper limits of the zone temperature margin 

(ZTM), in an annual scale, for two modes of operation, namely the day and night mode. 

Each mode is controlled by a timer that allows the setting of the start and stop times for 

the day and night operation. In the night mode (economy mode) the minimum overnight 

temperature (MOT) is reduced compared to that in the day mode. 

 

Figure 2: Zone Temperature Control with Eastern GL-1 Glazing Orientation during January. 

     Figure 2 illustrates the zone temperature control in January with the GL-1 glazing at 

the eastern orientation. The corresponding day and overnight temperature settings are 20 
o
C and 14 

o
C with an assumed dead zone of the thermostats equal to 0.7 

o
C. As shown in 

Fig. 2, the region between the square and the X marker corresponds to the day-mode 

operation; in the region between the X and the triangle marker the heating unit is set to 

OFF. The overnight operation starts at the beginning of the day (00:00 hr) till 09:30 am. 

Note that at the beginning the zone is pre-heated to the day-temperature setting (20 
o
C). 
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5.  Annual Heating and Cooling Loads 

Solar transmission through the glazing systems can provide free heating during the 

heating season, but its drawback is that it can cause overheating during the cooling season. 

     Figure 3(a) shows a comparison between the annual heating loads for the four 

examined glazing systems and for cardinal glazing orientations. The assumed operation 

was in day mode with ZTM within 20 - 26 
o
C. For all orientations the GL-4 system is seen 

to be more effective, leading to the lowest heating energy demand. This is due to the high 

solar transmissivity at the internal pane (τ = 0.73) that allows the passing through of the 

direct solar radiation; also, its low emittance reduces thermal radiation losses to the 

outside. For all the examined glazing systems, the consumed heating energy was 

minimum for the south and maximum for the north glazed façade; moreover, for east and 

west oriented façades the heating loads almost coincide. 

     Figure 3(b) illustrates similar results for the cooling period (annual cooling loads). In 

overall, as seen from these curves, the heating loads are higher than those for cooling for 

all glazing systems and all orientations. Also, both GL-2 and GL-3 glazing systems show a 

superior cooling energy performance in comparison to the GL-1 and GL-4 glazing 

systems. For these two glazing systems the higher absorbing/reflecting glass is placed at 

the outside pane in order to ensure the maximum rejection of the solar undesired radiation. 

Compared to GL-3, GL-2 exhibits a higher cooling energy benefit due to its ability to 

reflect rather than absorb most of the infrared radiation. As for the heating season GL-3, 

having a higher absorptance is slightly superior to the GL-2 glazing system, showing a 

decreased heating demand for all orientations. For all analyzed glazing systems, the 

cooling energy demands were minimum for the north and maximum for the west glazing. 

For east and south oriented glazed façades the cooling loads are almost the same. 

     For climatic conditions and locations in the Mediterranean region, where both heating 

and cooling are required the GL-4 glazing system seems to be the most adequate of the 

four, since its larger energy demand during the cooling period in comparison with the GL-

2 and GL-3 glazing systems, is more than compensated by the solar gains during the 

heating season. As for the effect of orientation, this is prominent for both the heating and 

cooling seasons. For north-facing glazing systems solar transmission is minimal at any 

season, while for south-facing glazing systems solar transmission reaches the maximum 

during the heating season and the minimum during the cooling season. The opposite 

happens for east and west glazing exposures. For all the examined glazing systems the 

consumed cooling energy for the south orientation was almost three times the energy 

consumed for the north orientation; as for the heating demands, the energy consumption 

for the south glazing façade is lower compared to the north glazing façade (up to 30%, 

depending on the glazing system). 



Energy Saving Assessment in Buildings with Varying Façade Orientations and Types of Glazing Systems when 

                                                                      Exposed to Sun                                                                               41 

                                                                                                                                       

 

 

Figure 3: Heating (a) and Cooling (b) Annual Energy Demands for the GL-1 to GL-4 Systems 

facing from North to West. 

     The impact of ZTM on the total energy demand for the examined glazing systems is 

shown in Fig. 4, for three zone temperature margins. The variation of the glazing 

orientation is in 45 
0
 increments. The selected margins, (21 - 25 

o
C), (20 - 26 

o
C), (19 - 27 

o
C), are within the generally accepted indoor comfort temperature conditions (i.e., a 

comfort temperature of 21 
o
C, 20 

o
C and 19 

o
C during the heating period and 25 

o
C, 26 

o
C 

and 27 
o
C during the cooling period). However, the decision on the choice of the most 

appropriate ZTM must take into account among others, the energy consumption, the zone 

usage and the occupants’ comfort demands. 

     In the north and south orientations the maximum annual energy demand occurs for the 

GL-2 glazing system and for a ZTM within 21 - 25 
o
C; the corresponding energies are 

17800 kWh and 16300 kWh. In the east and west orientations the maximum annual 

energy demand appears for the GL-1 glazing system, with 18100 kWh and 18600 kWh 

respectively. For all glazing systems and for all zone temperature margins, the north-west 

(NW) orientation leads to the highest total energy consumption. The total annual energy 

demand for all assumed ZTM and orientations is minimum for the GL-4 glazing system. 

With the ZTM within 20 - 26 
o
C the total annual energy demand becomes lower for all 

orientations and all glazing systems. A further decrease of the energy demand results for 

the larger zone temperature margin ZTM of 19 - 27 
o
C. In overall, the south orientation of 

the glazing facade leads to the maximum total energy saving, particularly for the GL-4 

glazing system. 
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Figure 4: Total Annual Energy Demand for the 4 Glazing Systems at Various Orientations. 

     The impact of the variation of the upper limit of ZTM (Tmax) above and below 26 
o
C on 

the annual cooling energy demand is illustrated in Fig. 5, for the GL-2 glazing system. 

The upper temperature of ZTM (Tmax = 26 
o
C) was selected as it is the upper limit of the 

ASHRAE Std 55. As seen, with the increase of the upper limit of ZTM the lower variation 

in cooling energy consumption corresponds to the west glazing orientation, followed by 

the south, east and north orientations. Note that the saving in cooling energy with the 

glazing at the eastern orientation is less than when it is placed at the southern orientation. 

This is due to the fact that eastern orientation receives morning solar radiation and at this 

time of the day outdoor temperatures are lower than those after midday. The decrease of 

the upper limit of ZTM causes a pronounced increase in the cooling energy consumption 

with the higher demand at the north orientation, followed by the south, east and west 

orientations. 
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Figure 5: Consumed Annual Cooling Energy Variation Percentage, for Variation of the Uupper 

Limit of ZTM (Tmax), above and below 26 oC (GL-2 Glazing System). 

6.  Impact of ZTM and MOT on the Heating Loads 

As the heating load contributes at most to the total annual energy consumption it is 

interesting to examine the heating energy saving under the variation of the lower limit of 

ZTM (Tmin) for the day and night operational modes of the heating system. For this 

purpose, the glazing system GL-4 that presented the minimum annual energy consumption 

was adopted. The energy saving percentage is calculated with reference to the 20 
o
C, 24-

hours operation in day-mode of the heating unit. 

     In Fig. 6(a)-(d), the day-mode Tmin is varied within 18 
o
C to 22 

o
C and MOT is varied 

within 14 
o
C to 16 

o
C. The timer settings for the day and night modes of operation are 

assumed to be 06:00-22:00 and 22:00-06:00, respectively. The selection of MOT values 

was based on the assumption that during the night period the lower indoor temperatures 

do not increase the occupants’ discomfort, yet they significantly increase the energy 

saving. As MOT decreases the percentage energy variation increases for all the settings of 

Tmin above and bellow 20 
o
C and for all orientations. For comfort temperatures from 18 

o
C 

to 19 
o
C and from 21 

o
C to 22 

o
C, lower percentage energy savings are observed, for all 

MOT values. As a general rule, the increase of the comfort temperature and of MOT leads 

to a lower energy saving percentage (heating loads), during the heating period. 

     The impact of the glazing system orientation on the energy saving percentage is also 

prominent with the southern glazing system orientation exhibiting the maximum energy 

saving percentage; the northern glazing system orientation has the minimum energy 

saving percentage, for all MOT values and for all the selected day-mode temperatures. 

7.  Summer Season Overheating Considerations 

In free-running buildings comfort temperatures depend generally on the building 

properties and the temperatures of the outdoor environment. According to the ASHRAE 

Std 55 ‘Thermal Environmental Conditions for Human Occupancy’, the cooling region 

comfort temperature-range is 20 - 26 
o
C. Figure 7(a) shows comparative results of the 

peak overheating temperature (over 26 
o
C) and overheating duration for the cooling 

season, for the 4 glazing systems and for all considered compass point orientations. 
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Figure 6: Energy saving % vs the lower limit of ZTM (Tmin) and MOT, for the heating period (GL-4 

glazing system). 

     The maximum overheating temperature appears for the west orientation of GL-1 

glazing followed by the GL-4 system. For this orientation, the best (less overheating) of 

the four glazing systems is the GL-2 glazing followed by the GL-3 system. Second to this 

orientation, for all the glazing systems, but with lower overheating temperature values, is 

the eastern orientation. East orientation has access to morning sun, hence it is less 

susceptible to overheat. For this orientation the glazing systems behavior has the same 

pattern as for the west orientation. For both the east and west orientations, the overheating 

peaks appear in July. For the south orientation, the peak overheating temperatures appear 

in August for all glazing systems, with the GL-1 system presenting the maximum 

overheating followed by the GL-4 system. For all the examined glazing systems, the GL-2 

system has the lower overheating temperatures followed by the GL-3 system. In overall, 

the north orientation glazing systems show the minimum overheating, with the peak 

overheating temperature in July. As for their overheating temperature rating, the GL-2 

glazing system has the best thermal response followed by the GL-3, GL-4 and GL-1 

systems. 

     The duration of overheating for the examined glazing systems is shown in Fig. 7(b), 

for the four cardinal orientations of glazing. In summer the sun in the Mediterranean 

region rises north of east and sets north of west. Thus, east and west oriented glazing 

facades receive direct solar radiation, for several hours during a day period. This brings 

heat at the interior of the zone that may cause overheating. The duration of overheating is 

more pronounced in July, than in June and August, for the east west and north 

orientations. Then again, for a south oriented wall the duration of overheating is more 

influential in August, than in June or July. 
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        (a)           (b) 

Figure 7: Peak Overheating-temperature (a) and Overheating-duration (b), for the Examined 

Glazing Systems at Various Orientations (Summer Season). 

     As south orientations are exposed to the full extent of the sun they have the potential to 

overheat the zone for long times. However, neither the peak overheating temperature 

alone, nor the duration of overheating can provide a measure for the overheating attribute 

of the zone under study, with respect to the type of glazing system and its orientation. For 

this purpose, the overheating temperature-index (OTI) is introduced in this study that 

takes into account both the overheating temperature values and the duration of 

overheating. This index is defined as the ratio of the area of the temperature enclosure 

above Tmax over the area of the enclosure within the ZTM. 

     Figure 8 shows these areas for the case of GL-2 and GL-3 glazing systems, for August 

with the glazed façade at the western orientation. As lower this ratio is, as higher the 

effectiveness of the glazing system and orientation to provide a comfortable indoor 

environment. Fig. 9 presents the overheating temperature indices, for the examined 

glazing systems at various orientations. It can be seen that the OTI is minimum for the 

GL-2 glazing, in all orientations, followed by the GL-3, GL-4 and GL-1 systems. For all 

analyzed glazing systems and for the entire summer season, the maximum OTI occurs in 

the eastern orientation, followed by the southern, western and northern orientations of the 

glazing façade of the investigated building zone. 

8.  Conclusions 

The thermal modeling and analysis of a building zone having a fully glazed façade at 

various orientations and types of glazing was presented in this work. A key feature of the 

analysis was the distribution of penetrating solar radiation on the internal surfaces by 

taking into account solar geometry and glazing orientation. 

     The energy demand for heating and cooling demonstrated that the proper selection of 

glazing and its orientation could lead to significant savings. To this effect, it has been 

shown that it is important to properly set the zone temperature margin (ZTM) of the 

heating/cooling unit and the minimum overnight temperature (MOT) for the heating 

operation. Finally, the introduced overheating temperature index (OTI) seems to be an 

adequate measure for assessing the overheating attribute of a zone. 

     In overall, the orientation and type of glazing has the potential to influence 

considerably the energy performance of a zone. What matters isn’t only to maintain a 



46                                                                        K. J. Kontoleon  

 

 

comfortable indoor environment but also to follow the most sustainable way, using the 

least energy, while creating the greatest benefit. 

 

Figure 8: Plots of the Overheating Areas for the GL-2 and GL-3 Glazing Systems (for August and 

for a Western Orientation of the Glazing Facade). 

 

Figure 9:  Overheating Temperature-indices for the 4 Glazing Systems at Various Orientations   

               (Summer Season).   
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Appendix A 

Additional Notation – Nomenclature 

LA, LN   Latitude and longitude in degrees 

ξ, ζ   Surface azimuth angles, due north and due south 

z   Altitude and zenith angles of the sun; z = 90o - β 

ψ   Azimuth of the sun 

h   Hour angle 

dy   Day of the year, 1 ≤ dy ≤ 365 

δ(dy)   Solar declination at day dy 

Eq(dy)   Time correction for day dy 

TZ, TL   Time zone (hrs ahead GMT) and local time 
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1.  Incidence angle: 

)cos()sin()sin()cos( ϕδθ ⋅⋅= AL  

             )cos()sin()cos()sin( ζϕδ ⋅⋅⋅− AL  

             )cos()cos()cos()cos( hLA ⋅⋅⋅+ ϕδ  

             )cos()cos()sin()sin()cos( hLA ⋅⋅⋅⋅+ ζϕδ  

             )sin()sin()sin()cos( h⋅⋅⋅+ ζϕδ               (A1) 
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2.  Solar declination: 
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3.  Solar altitude: 
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4.  Solar azimuth: 












⋅

−⋅
= −

)cos()cos(

))(sin()sin()sin(
cos

A

yA

L

dL

β

δβ
ψ 1

                                                 (A5) 

5.  Hour angle: 
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6.  The time correction Eq(dy) (in minutes): 
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