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Abstract 12 

A Trombe wall is a passive solar technology attached to the building envelope to reduce energy demands. In 13 

warm climates, due to overheating problems in the cooling season, its efficiency is limited and proper operation 14 

is required. In this study the thermal behavior of a bedroom of a house equipped with a Trombe wall in Yazd 15 

with a hot and arid climate under different design configurations, and various masonry materials were 16 

investigated using the dynamic simulation software DesignBuilder. Monthly ventilation strategies and a 17 

schedule of blinds for external glass cover throughout the year were proposed to optimize its energy efficiency.  18 

The blinds are applied for shading solar irradiance during summer. They also increase the system's thermal 19 

resistance during winter nights. According to the results, a concrete Trombe wall with 2/3 of the façade area is 20 

capable of reducing the heating load by 86%. However, its function for summertime is negative, and even in 21 

insulation mode, it can increase of the cooling load by 5 %. Natural ventilation with Trombe wall is applicable 22 

during moderate seasons; however, its cooling efficiency is limited compared with cross ventilation. The results 23 

also highlight that retrofitting a room with a Trombe wall can reduce the annual energy demand by 63%, equal 24 

to a reduction of 124 kg CO2 emission.  25 

 26 

Keywords: Passive Solar system, Trombe wall, shading and insulation, ventilation strategies, Low-energy, 27 
masonry materials, Low-cost.  28 
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1. Introduction 29 

Maintaining an appropriate indoor environment in the buildings results in a consumption of  30-40% 30 

of global energy [1]. The first step to minimize this energy consumption is to improve the thermal 31 

efficiency of the building envelope [2]. This improvement is feasible by applying passive or combined 32 

strategies. Different shapes of passive solar systems can be installed on the building envelope to benefit 33 

from solar energy and wind force as renewable energies. They also can be adopted in both new 34 

buildings and retrofits, without restricting daylight and the outdoor view. A Trombe wall is one of the 35 

favorable passive solar systems for cooling, heating, and ventilation of space with low cost, simple 36 

implementation geometry, and operating [3], resulting in a healthy and comfortable indoor 37 

environment [4].  38 

Trombe wall can be divided into three main parts, including the massive wall, glass cover, and air 39 

cavity, which is left between the glass and wall [5]. The incident solar radiation is captured exploiting 40 

the greenhouse effect occurring in a cavity, and solar energy is absorbed and stored using a massive 41 

wall. The heat exchange between the Trombe wall and the indoor environment occurs in two ways: 42 

ventilation through the openings and transmission through the wall [6]. In the heating season, the cool 43 

air of the room enters the cavity via the lower opening of the wall, heated up by the wall, and flows 44 

upward due to the buoyancy effect. Then the warm air returns to the room via the upper opening of 45 

the wall. In the cooling season, the outdoor air enters the room through the window on the opposite 46 

side of the Trombe wall. It then cools down the room by natural ventilation and flows out through the 47 

upper vents of the wall and glass, respectively based on the stack effect [5]. Usually, the thermo-48 

circulation by the airflow between the air gap and the room is critical, since the inversion of airflow 49 

could worsen the thermal loss in some conditions [7].  50 

The role of the Trombe wall in  achieving indoor thermal comfort was investigated during numerous 51 

investigations  [8]. Then, different design parameters affecting the efficiency of the classic Trombe 52 
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wall were assessed, such as the opening configurations impact on airflow rate [9, 10], the materials of 53 

a massive wall on maximizing solar energy absorption [7], and wall thickness on thermal insulation 54 

of Trombe wall [11]. Rabani and Rabani [12] proposed an innovative Trombe wall in Yazd with an 55 

arid climate to improve its heating efficiency. To have better heat storage and reduce indoor 56 

temperature fluctuations,  the massive wall material was replaced with Phase Change Materials (PCM) 57 

[13]. Its efficiency was compared with traditional Trombe wall [14] in different new types of PCM, 58 

such as capsules [15] and stabilized PCMs panels with double layers [16]. The cooling efficiency of a 59 

novel ventilated Trombe wall combined with PCM was investigated in Ref. [17]. In this study, 60 

comparing the new with the classical Trombe wall system showed that the annual cooling energy 61 

usage was reduced by 18.6% with a maximum temperature of 24 °C.  62 

The difficulties of using the Trombe wall in cold climate conditions were evaluated and summarized 63 

by Sergei, Shen [18]. A comparison of ventilated with non-ventilated Trombe walls shows the 64 

potential of ventilated ones in saving 62% of the heating energy demands of the room [19]. Applying 65 

external insulation components [20] and triple glazing filled with argon are recommended to reduce 66 

the glass wall’s heat loss [21]. According to Elghamry and Hassan [22], a Trombe wall with a 67 

geothermal tube and solar chimney maximized heating and changed the air rate 58 times per day. 68 

Applying a thermo-diode Trombe wall provides consistent heat gains for the indoor environment even 69 

on cold days and hours after daylight's end [23]. In addition, using the water-flowing channel in the 70 

Trombe wall can obtain a desirable insulation efficiency in the heating season and allow excessive 71 

solar radiation to heat the water in cooling and moderate seasons [24]. According to Zhou, Huo [25], 72 

in comparison with the traditional Trombe wall,  the Water Trombe wall can decrease the heat loss by 73 

31% during the night.   74 

The unwanted heat gain is the main problem of using the Trombe wall for cooling purposes [26]. 75 

Implementation of the roller shutters [27] and Venetian blind are the solutions to regulate shading and 76 
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airflow in the cavity,  resulting in air-conditioning effect [28]. The cooling efficiency of a Trombe 77 

wall was investigated in Ref. [28] using CFD and BES model. The authors concluded that a 78 

modification for slat geometry in the air gap is required to reduce solar heat gain of the external wall. 79 

An empirical study was conducted for a building in Yazd climate using a  Trombe wall  combined with 80 

a water spraying system and solar chimney [29].  Using a water spraying system showed that 81 

the cooling efficiency of the Trombe wall was enhanced by about 30%. Another study focused on a  82 

Trombe wall combined with an earth air heat-exchanger and the green wall for passively heating and 83 

cooling the temporary houses for refugees in Sweden [30]. This triple passive system compromised 84 

88% of annually thermal comfort requirements with a 231.1 kg CO2e/annum amount of CO2 85 

emissions, while the discount payback period of the system was 7.4 years.  86 

As a cost-effective solution for better indoor climate, the Trombe wall was retrofitted to the residential 87 

units in off-grid desert areas in Sinai, Egypt [31]. In another study, field measurement and numerical 88 

simulation were carried out to optimize the energy efficiency of a Trombe wall as a low-cost strategy 89 

retrofitted in a master room. The results showed a 72% reduction in the total annual energy 90 

consumption compared to existing houses [32].  However, according to the study conducted by 91 

Agurto, Allacker [33], the heating efficiency of a low-cost prefab Trombe wall was three times more 92 

than its cooling. Other studies implemented the Trombe wall as assisting system [34] in keeping the 93 

indoor temperature within the desired range in the heating season [35] and enhance heat storage 94 

throughout the building [36]. 95 

Nevertheless, in combination with other strategies, the Trombe wall can be used for indoor air 96 

purification [37], [38], inactivation of the spatial virus [39], and domestic hot water [24]. The 97 

combination of photovoltaic (PV) modules and Trombe wall could increase thermal efficiency by 38% 98 

[40] and electrical efficiency values by 20 % [41] when used as photovoltaic power generation [42]. 99 

https://www.sciencedirect.com/topics/earth-and-planetary-sciences/thermodynamic-efficiency
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Its electrical efficiency could reach over 45% higher than existing PV Trombe walls when PV is used 100 

as a blind in Trombe wall [43].  101 

This study proposed a low-cost retrofitting Trombe wall combined with masonry material as a passive 102 

heating and cooling system for existing residential buildings in Yazd city, Iran, with a hot and arid 103 

climate. To determine the optimum configuration, a parametric analysis for a Trombe wall attached to 104 

the south façade of a bedroom was conducted by examining different ratios of Trombe wall area and 105 

massive wall materials for various days. Then, to minimize annual cooling and heating requirements, 106 

a proper operation schedule for ventilation, mobile insulation, and external shading was determined. 107 

To conduct the analysis, the DesignBuilder simulation software was implemented. 108 

2. Case study and climate 109 

2.1. Climate 110 

To investigate the Trombe wall system efficiency, a bedroom of a house in Yazd, Iran, was considered. 111 

Yazd is located in a latitude of 31.89 and a longitude of 54.35 [44], with a hot, dry summer and cold, 112 

dry winter [45]. The weather data provided by the EnergyPlus database was applied in the simulations. 113 

The monthly ambient air temperature and the global solar radiation on the vertical surface of the city 114 

are presented in Table 1. The high level of solar radiation available in Yazd and the high number of 115 

sunny days are due to its specific desert climatic conditions. The high fluctuation of ambient air 116 

temperature during the day and night and among various seasons allowed the investigation of the 117 

Trombe wall's energy efficiency with various scenarios discussed in the next sections. 118 

 119 

 120 

 121 
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Table 1. Weather data and room temperature settings. 122 

 123 

2.2. Case study 124 

The study examined a south-oriented bedroom of a one-story house to investigate the effect of the 125 

attachment of a Trombe wall on the indoor environment. The main focus was on retrofitting the 126 

Trombe wall, as a passive system, in the existing buildings to obtain sufficient comfort and energy 127 

performance. The reference room was 12 m2 with a height of 3 m and surrounded by controlled spaces 128 

on two sides. Fig.1 shows that the room has a 2×0.5 m window on the north side and another 1×1.5 m 129 

on the south side, with polyvinyl chloride (PVC) frame, to take advantage of cross ventilation. The 130 

external walls and side walls are made of concrete blocks with low insulation, complying with Trombe 131 

wall insulation's attachment. The ceiling slab is made of reinforced aerated concrete with a thermal 132 

transmittance of 0.246 W/m2.k and covered with clay tiles, as reported in Table 2. The external walls' 133 

thermal transmittance (U value) is 0.95 W/m2.k.  134 

  135 

Fig.1. The sectional perspective (a) and room plan (b).  136 

 137 

Table 2. Thermal properties of the floor, roof, and wall layers. 138 

Month 

Global radiation 

daily total 

(kWh/m2 day) 

Peak (W/m2) 

Outdoor 

temp. Max. 

(℃) 

Min. (℃) 
Room temp. 

settings (℃) 

January 3.102 549 19.3 -7 20 

February 4.605 767 21.3 -4.5 20 

March 4.691 718 28 -2.3 20 

April 5.767 798 35 6.4 23 

May 7.241 932 36.7 13.9 23 

June 8.053 1005 41.7 18.8 26 

July 7.834 993 42.2 18.3 26 

August 7.317 980 42.3 17.5 26 

September 6.603 965 38.2 9.6 26 

October 4.797 775 34 4.7 23 

November 3.583 620 28.1 -2.1 23 

December 3.117 537 21.1 -4.7 20 

 1 
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 139 

2.3. The Trombe wall operation modes  140 

Three operation modes of the Trombe wall, for different seasons, are set and shown in Fig. 2. The 141 

Trombe wall operates in the passive heating mode during the heating season. The indoor air was 142 

entered into the cavity of the Trombe wall and heated up by stored solar energy. The warm air returned 143 

into the room and reduced the possible heating load. In the moderate seasons, when the ambient 144 

temperature was lower than the indoor temperature, the Trombe wall operated in the natural ventilation 145 

for cooling applications. In the cooling season, when the ambient temperature was more than the 146 

indoor temperature, the Trombe wall could notbe applied to improve natural ventilation for the 147 

building. Since entering the warm ambient air without pre-cooling can worsen indoor conditions 148 

besides increasing the cooling load. Hence, to prevent this phenomenon, the air entered into the 149 

Trombe wall cavity from the lower vent was exhausted to the outside via the upper vent. In these 150 

conditions, the Trombe wall operates in the thermal insulation mode to avoid a heat gain from the 151 

Trombe wall to the space. The seasonal operation was determined after a series of preliminary 152 

simulations based on the analyzed locality of Yazd to minimize the energy consumption. 153 

 154 

 Material layers Thickness (m) Cp (J/kg.K) 𝜌 (Kg/m3) K (W/m.K) 

Roof 

Clay Tile 0.020 800.000 2000.00 1.000 

Aerated Concrete Slab 0.200 840.000 500.000 0.1600 

XPS Extruded 
Polystyrene 

0.090 1400.00 35.00 0.0340 

Floor 

XPS Extruded 
Polystyrene 

0.030 1400.00 35.00 0.0340 

Cast Concrete 0.150 1000.00 2000.00 1.1300 

External 
wall 

Brick Outer 0.105 800.00 1700 0.8400 

Air gap 0.050 - - - 

Concrete block 

(Lightweight) 
0.100 1000.00 600.00 0.1900 

Plaster 
(Lightweight) 

0.0130 1000.00 600.00 0.1600 

 1 
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Fig. 2. The three annual operation modes of a Trombe wall; heating (a), moderate (b), and cooling (c) 155 
seasons.  156 

 157 
 158 

2.4. Parametric study 159 

To determine the appropriate Trombe wall configuration for the room in the hot and arid climate, 160 

parametric analysis was carried out. Therefore, the impact of different design parameters of the 161 

Trombe wall on indoor thermal conditions of the room on selected winter and summer days was 162 

assessed. Then, different schedules for vent activation and blinds operation were examined to decrease 163 

the annual cooling and heating demands. During the parametric analysis, the building only relies on a 164 

passive system. Whereas, to evaluate the saving energy, the HVAC system was assumed to be 165 

activated. The parametric study was developed based on the following parameters: 166 

- The ratio of the Trombe wall to the total south wall area, considering 1/3 of the façade, 2/3 of 167 

the façade, and the entire facade;  168 

- Massive wall materials, including brick, concrete, slate stone, adobe, and sandstone; 169 

- Operation schedule of blinds and vents. 170 

The Trombe wall efficiency is evaluated based on its cooling, heating, and ventilation functions 171 

compared with the reference room (without a Trombe wall). Since in Yazd, heat transfer was more 172 

sensible on the coldest day than the warmest day [46],  the parametric study for Trombe wall 173 

configuration was conducted with particular attention to providing heating demand.  Based on the 174 

preliminary simulations for different seasons, the Trombe wall could only exploit natural ventilation 175 

for cooling the room during moderate seasons. However, to more precisely evaluate the cooling 176 

efficiency of the Trombe wall, different natural ventilation scenarios were investigated and compared 177 

in the cooling season (worst conditions), as described in the following section. 178 

3. Methodology  179 
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The simulations of this study were carried out by applying the DesignBuilder interface for the 180 

EnergyPlus engine, using the Trombe Wall algorithm. For a virtual building model, DesignBuilder as 181 

a dynamic simulation software calculates a broad spectrum of thermal performance statistics, 182 

including energy usage [47]. Ozdenefe, Rezaei [48], and Stazi, Mastrucci [49] validated this 183 

simulation tool by comparing the predicted temperature of the air gap with experimental data. Their 184 

results indicate that it is a reliable tool for evaluating Trombe wall efficiency. The Northumbria 185 

University has evaluated DesignBuilder's CFD three-dimensional flow solver against the commercial 186 

CFD Phoenics package  [50].  187 

Abdeen and Serageldin [47] designed a simplified analytical model of a Tromp wall for the winter 188 

period in Alexandria, Egypt as illustrated in Fig. 3. They examined the model under various design 189 

parameters to achieve indoor thermal comfort. DesignBuilder software was applied to predict thermal 190 

and airflow conditions of the model throughout the winter in a detailed illustration. Under the same 191 

operational conditions, a comparison between the recorded and predicted temperatures for the glass, 192 

the massive wall, and the airflow was undertaken (Fig. 4). According to the results, there was a good 193 

agreement between the predicted and experimental results since the comparison showed an average 194 

error (e) of approximately 3.93%. 195 

 196 

Fig. 3. Experimental setup (a) and Trombe wall configuration model (b) of Abdeen, Serageldin [47].  197 

 198 

Fig. 4. Comparing the measured and predicted airflow temperature results of Abdeen, Serageldin [47]. 199 

3.1.Setting boundary conditions  200 
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To evaluate the impact of the Trombe wall on the room indoor environment, the reference room 201 

integrated with TW with all the assumptions, such as the geometry, apertures, and materials, is 202 

simulated.  The model is oriented to the south to receive the maximum solar radiation from the Trombe 203 

wall. The walls and floor surfaces of the model were simulated the same as the case study 204 

specifications. The model's boundary conditions have been achieved by setting actual ambient 205 

conditions provided by the EnergyPlus database. The thermal properties of walls and roof materials 206 

are set as described in Table 2. 207 

To reproduce the actual operation of the reference room and solar radiation, internal gains via the room 208 

occupancy, lighting, and electrical appliances are set based on the usage schedule of the bedroom. For 209 

cooling and heating seasons, 26 ℃ and 20 ℃ were set as indoor set-point temperatures, respectively. 210 

To prevent excessive undercooling and overheating of indoor space, out of occupancy schedule, the 211 

minimum and maximum temperatures of 12 ℃ to 35 ℃ were set for activating the HVAC system in 212 

heating and cooling seasons, respectively. The constant pressure with zero initial velocity value is 213 

considered for inlet and outlet openings. Therefore, the flow occurs only by the stack effect. 214 

3.1.1. The Trombe wall properties  215 

The massive wall of the Trombe wall is made of Concrete block 1440, with the thermal properties 216 

illustrated in Table 3. The thickness of the massive wall was determined based on the corresponding 217 

reference,  indicating that 0.3 m was the optimum value for the massive wall [47]. To have better solar 218 

absorption, the external surface of the massive wall was black. The thickness of the air gap between 219 

the massive and glass walls was selected according to the literature, indicating that increasing the 220 

distance higher than 10 cm doesn’t cause considerable enhancement [51]. The narrow thickness was 221 

also valuable for preventing unexpected backflow from the cavity during the heating season, which 222 

can be detrimental to indoor thermal conditions [52]. Therefore, different close dimensions were 223 

tested, and a thickness of 0.06 cm was chosen as the best one. 224 



Accepted to J. Renew. Sustain. Energy 10.1063/5.0089098

In the reference room, cross ventilation was provided by one opening on the north wall and another 225 

on the center of the south façade (Fig.1). For the room with the Trombe wall, airflow enters from the 226 

north opening, whereas the south opening is closed, and airflow exhausts via two vents located at the 227 

top of the massive wall containing two additional respective vents at the top of the glass wall. The 228 

dimensions of each vent, with a rectangular shape, are 0.65×0.20 m, as illustrated in Fig. 5. To 229 

accurately compare the room with the Trombe wall and the reference room in ventilation mode, the 230 

total areas of vents were assumed equal with the south window opening. 231 

 232 

Fig. 5. The sectional perspective of a 2/3 area Trombe wall installed on the south façade of the room. 233 

 234 

Table 3. Constructions with their layers are used in the Trombe wall.  235 

 236 

According to the literature, applying single or triple-glazed windows can cause reverse effects in some 237 

seasons [5]. Hence, a double-glazed window was selected to cover the Trombe wall. A PVC window 238 

frame with a 5 cm thickness and 3/13/3 clear double glass with an air gap was considered for windows. 239 

The central window was equipped with a fixed horizontal overhang, whereas Trombe wall glass had 240 

moveable shading devices and external blinds with high reflectivity slats installed at 1.5 cm from the 241 

external glass. In the cooling season, blinds are applied particularly for shading during the daytime. In 242 

the heating season, to improve the thermal resistance of the system during the nighttime, the blinds 243 

were opened. Therefore, they minimized the radiative thermal losses during the night between the 244 

external surface of the Trombe wall and the outdoor space.  245 

4. Results and discussion 246 

 Layer Thickness (m) Cp (J/kg.K) 𝜌 (Kg/m3) K (W/m.K) 

Window Glass 0.003 840.00 2530-2600 0.9000 

Air - 0.06 - - - 

Massive wall Concrete block 1440 0.300 880.00 1440.00 0.3300 

 1 
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In this section, first, the average indoor temperature of the reference room (without a Trombe wall 247 

system), and rooms with the three configurations of Trombe wall were evaluated and compared in the 248 

heating season. Then, the thermal efficiency of the selected Trombe wall geometry under different 249 

massive wall masonry materials was predicted for both heating and cooling seasons, and the most 250 

appropriate material was selected. Later on, various operation schedules of blinds and vents were set 251 

and compared to minimize the annual energy needs of the selected Trombe wall.  252 

4.1. Trombe wall configurations 253 

A traditional Trombe wall was assumed for the room, and indoor thermal conditions with different 254 

Trombe wall area ratios were evaluated. The arrangement of Trombe walls with three area ratios (1/3, 255 

2/3, and total) is illustrated in fig.6. In the case with a total area ratio, the south window was omitted. 256 

Figure 7 shows the outdoor climatic conditions and the average indoor air temperature of the room 257 

with various Trombe wall areas compared to the average indoor temperature of the reference room for 258 

two winter days, a cold sunny day and a cold, mostly cloudy day.  259 

 260 

Fig. 6. The arrangement of the Trombe wall with 1/3 (a), 2/3 (b), and total (c) area ratios.  261 

 262 

 263 

Fig. 7. Comparing the average indoor temperature of the room with different Trombe wall areas on a winter’s 264 
cold, mostly cloudy day (January 4) on the left and a winter’s cold sunny day (February 2) on the right, (TW: 265 
Trombe wall, Ref.: reference). 266 

 267 

As indicated in the graphs, the indoor temperature of the reference room was quite low and constant 268 

in both cases due to the limited incidence of solar radiation via the south window. While, in the 269 

presence of the Trombe wall, the room's temperature increased significantly (about 9 ℃ on a sunny 270 

day on average). Even in the mostly cloudy sky with a 2.8 °C lower average ambient temperature, the 271 

presence of the 1/3 area ratio Trombe wall causes increasing indoor temperatures ranging from 4.5 to 272 



Accepted to J. Renew. Sustain. Energy 10.1063/5.0089098

9°C. The noticeable difference between the reference room and the room containing the Trombe wall 273 

indicated the thermal efficiency of this wall. However, thermal comfort was not still achieved for most 274 

of the day and night time on the cloudy day and for a part of the night time on the sunny day. On both 275 

days, the maximum temperature difference between the reference room and the room equipped with a 276 

Trombe wall was observed during the noontime. In contrast, the outdoor temperature reached the top 277 

value during the late afternoon (4 p.m.). This temperature trend confirmed the significant role of solar 278 

radiation intensity on the performance of the Trombe wall. 279 

Comparing three cases with the Trombe wall showed that, on both days, the total area with this wall 280 

acted better than others. However, the temperature difference of the room with the total area of the 281 

Trombe wall, compared to the Trombe wall containing 2/3 area, was insignificant (less than 1.5 ℃ 282 

difference during the night). Furthermore, even by specifying the total area to the Trombe wall, thermal 283 

comfort was not fully obtained during the night, and activation of the heating system was still required. 284 

Therefore, considering the similar indoor thermal conditions of cases during the night and the necessity 285 

of nocturnal heating due to the occupancy schedule of the bedroom mainly during the night, and at the 286 

same time, the critical role of the south window in providing daylight and external view, the room 287 

containing 2/3 area Trombe wall was selected for further tests.  288 

4.2. Trombe wall Materials 289 

In the previous section, the 2/3 area Trombe wall was determined as the wall with the best 290 

configuration. In this section, the indoor thermal conditions of the room containing the selected 291 

Trombe wall configuration with five masonry materials with large thermal mass [53] for massive 292 

walls, such as concrete, brick, Sandstone, adobe, and slate stone in winter and summer days, were 293 

investigated and compared on two days. Table 4 illustrates the thermal properties of selected materials.  294 

 295 
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Table 4.   Thermal properties of the materials for the massive wall.  296 

material Cp (J/kg.K) 𝜌 (Kg/m3) K (W/m.K) 

Brick  500 700 0.27 

Slate stone 1000 2400 2.2 

sandstone 840 2150 5 

adobe 573.2 1708.6 0.334 

concrete 880 1440 0.33 

 297 

 298 
4.2.1. Winter 299 

Table 5 and Fig. 8 compare the heating efficiency of the Trombe wall with different materials on 300 

January 4 and February 2 as a cold, mostly cloudy day, and a cold sunny day, respectively, where the 301 

indoor and outdoor temperatures were shown along with solar incident radiation. According to the 302 

results, among all materials, slate stone and sandstone with close results had the highest thermal 303 

efficiency for both sunny and cloudy days, while concrete and abode with almost the same functions 304 

and partial difference with slate stone had the second-highest temperature. The comparison also shows 305 

that all the materials had similar behavior during the daytime (with a maximum difference of 2 °C on 306 

average), but they acted differently during the night (the difference reaches 4.6 °C on average). The 307 

slate stone had the highest efficiency during the night on January 4, which is attributed to its high 308 

specific heat and density (Table 4). Sandstone also had a close result to the slate stone for the nighttime 309 

on the same day but had less fluctuation daily. Then, concrete and adobe with almost the same 310 

functions had the third-highest temperature. However, their differences with slate stone (as the best 311 

case) were ignorable (1.1 ℃ on average). Although on a sunny day, the temperature difference of 312 

materials increases, they had the same trend, except for slate stone which had partially less daily 313 

function. 314 

 315 

 316 

 317 
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Table 5. The average indoor temperature of the room with different massive wall materials on two days; a 318 
winter’s cold, mostly cloudy day and a winter’s cold sunny day (January 4 and February 2 respectively) 319 
(Trombe wall with 2/3 area ratio). 320 

Massive wall’s material 

Average temperature (℃) 

January 4 February 2 

Day Night Day Night 

Without Trombe wall (reference room) 6.7 6.2 10.1 8.3 

With Trombe wall 

Concrete 16.8 14.1 22.6 19 

Brick 15 11.8 21 16.6 

Slate stone 17.1 15.8 21.7 20.6 

Adobe 17.2 14.2 23 19.2 

Sandstone 16.1 15.3 22.9 21.2 

Outdoor 2.9 -0.8 5.2 2.3 

              Day: 7 a.m.-6 p.m., Night: 7 p.m. -6 a.m.  321 

 322 

 323 

Fig. 8. Outdoor climatic conditions and average indoor temperature trends of the reference room and the room 324 
with Trombe wall using different massive wall materials during  cold, mostly cloudy days and cold sunny days 325 
(January 4 and February 2, respectively). 326 

 327 

Compared to the reference room, all the cases with the Trombe wall had considerably increased 328 

temperatures during day and night (at least 6.9 ℃ on cloudy days and 9.6℃ on sunny days on average) 329 

and low-temperature fluctuation during the night. In all cases with the Trombe wall, the highest and 330 

lowest average indoor temperatures were reported in the afternoon (2 p.m.) and early morning (6 a.m.), 331 

respectively. As Table 5 shows, on a sunny day, in the presence of slate stone and sandstone for the 332 

massive wall, the room temperature is within the range of thermal comfort, and assisting heating 333 

system is not required (21.2 ℃ and 22 ℃ on average, respectively). By implementing concrete and 334 

adobe for the massive wall, in the same outdoor conditions, thermal comfort is provided except early 335 

morning. In contrast, on the day mentioned above, the usage of brick for massive wall caused thermal 336 

discomfort for 6 hours of late-night (from 2 a.m. to 8 a.m.). However, on the cloudy and cold day 337 

(February 2), as the worst scenario with all materials, the room needs assisting heating system to 338 

provide thermal comfort. 339 

4.2.2. Summer 340 
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The thermal behavior of the Trombe wall with various masonry materials for two days, a sunny hot 341 

day and a hot and partially cloudy day (June 26 and August 16), was investigated and compared with 342 

the reference room, as illustrated in Fig 9. To better analyze their cooling efficiencies, natural 343 

ventilation was activated for the reference room and room with the Trombe wall. According to the 344 

results, aside from the Trombe wall materials, the application of the Trombe wall in the summer 345 

ascertained a performance that was partially worse than the reference room during day and night (about 346 

0.8 ℃ and 1℃ on average for June 26 and August 16, respectively). The temperature trends also show 347 

that with or without the Trombe wall, the indoor temperature was out of comfort limit and considerably 348 

higher than the outdoor temperature at night. Therefore, to compensate for overheating in all cases, 349 

activation of the cooling system is required. 350 

Comparison of the cases with various materials showed that, on both days, the thermal behavior of the 351 

Trombe wall with concrete, brick, and adobe was almost the same; however, with concrete, the overall 352 

function of the Trombe wall was partially better (Table 6). Unlike winter, the thermal behavior of the 353 

Trombe wall with slate stone in the summer was not satisfying. However, the difference of cases 354 

values was not considerable (the concrete value was 0.7 ℃ lower than the slate stone value on 355 

average). Fig 9. shows that the Trombe wall has its lowest efficiency during the afternoon (from 1 356 

p.m. to 3 p.m.) when the temperature of the reference room is about 1 ℃ lower than the room 357 

containing the Trombe wall.  It is difficult to find a cloudy day during the summer in Yazd. August 16 358 

is a hot day that experiences a cloudy sky during the afternoon. As Fig 9. illustrates, on this day during 359 

the morning time, regardless of the massive wall material, the indoor temperature of the room 360 

containing the Trombe wall is higher than the room on June 26. The reason refers to higher ambient 361 

temperature compared with June 26 (about 1 °C) and higher solar absorption by the massive wall due 362 

to low solar altitude angle during the daytime. It is while, during the afternoon, with less solar intensity 363 

attributed to a cloudy sky, decreasing in temperature is observed. Overall, the thermal behavior of all 364 

massive wall materials during the summer days is similar, and their difference reaches the highest 365 
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value during the noontime, with the peak outdoor temperature. However, during the noontime, the 366 

room with a concrete wall possessed the most appropriate indoor conditions (1 °C lower than the room 367 

with a sandstone wall).  The diagram also demonstrates that irrespective of the material, an auxiliary 368 

cooling system is essential to maintain a comfortable temperature within a space with Trombe walls 369 

during the warm summer months.  370 

 In contrast with the winter conditions, the indoor temperature of the summer day is mainly affected 371 

by outdoor temperature more than solar radiation intensity. It can be due to the introduction of warm 372 

outdoor air into the room by ventilation and high solar altitude angle during the daytime, decreasing 373 

solar absorption by a massive wall. Overall, the Trombe wall with slate stone shows better heating 374 

efficiency for the winter period. While, by selecting concrete for the massive wall, the Trombe wall 375 

acted better during the summer. In Yazd city, the cooling demand was predominant most of the year; 376 

therefore, concrete material was selected for the optimum model tested for the entire year.  377 

Table 6. The average indoor temperature of the room with different massive wall materials on a 378 
summer’s hot and sunny day and a summer’s hot and partly cloudy day (June 26 and August 16 379 
respectively) (Trombe wall with 2/3 area ratio). 380 

Massive wall materials 

Average temperature (℃) 

June 26 August 16 

Day Night Day Night 

Reference room 36.9 36.2 37.1 36.6 

Room with Trombe wall 

Concrete 37.5 36.5 38 37.1 

Brick 37.5 36.5 37.9 37.1 

Sandstone 38.2 37.1 38.9 37.9 

Adobe 37.5 36.6 38 37.2 

Slate stone 38 37 38.7 37.8 

Outdoor 36.7 32.8 37.2 33.2 

           Day: 7 a.m.-6 p.m., Night: 7 p.m. -6 a.m. 381 

 382 

 383 

Fig. 9. Outdoor climatic conditions and average indoor temperature trends of reference room and room with 384 
Trombe wall using different massive wall materials during hot and sunny days and hot and partly cloudy days 385 
(June 26 and August 16, respectively). 386 

 387 

4.3. Operation schedules of vents and blinds  388 
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In the previous sections, the thermal efficiency of the Trombe wall system with different 389 

configurations and massive wall materials for winter and summer days was investigated. Also, a 390 

concrete Trombe wall with a 2/3 area ratio was selected as the optimum model. In this section, to 391 

optimize the thermal efficiency of the optimum Trombe wall, various operation schedules of blinds 392 

and vents for harsh seasons were investigated at first (Fig. 10). Consequently, a proper monthly 393 

schedule for shading and ventilation, as manually controlled systems, is recommended.  394 

 395 

A: Blinds, B: Glass wall, C: Insulated cavity wall, D: Concrete wall, E: North opening, F: Trombe wall upper 396 
vents, G: Trombe wall lower vents.  397 

Fig. 10. The components of the Trombe wall in the natural ventilation mode. 398 

3.3.1. Investigating winter scenarios 399 

To find the best performance of the solar system for the winter, various schedules of passive heating 400 

and mobile insulation were investigated by changing the vents and blinds modes. The different 401 

proposed schedules were determined according to the locality’s climatic conditions and temperature 402 

fluctuation. For example, to control the unexpected night discomfort, in some cases, the passive 403 

heating was specified only for night time or insulation was activated during the night to prevent heat 404 

radiation loss from the glass wall. 405 

Table 7 compares indoor thermal conditions of the room with the Trombe wall and the reference room 406 

on a winter’s sunny and cold day under different vent and insulation settings. The results showed that 407 

the function of the selected Trombe wall in the winter was satisfying. Since, compared to the reference 408 

room, in all cases with the Trombe wall, a significant increase in indoor temperature was observed 409 

(about 11.6 ℃ on average). This is in agreement with the results of Ref. [54]. Among different cases, 410 

the Trombe wall with passive heating during day and night and nocturnal insulation had the best 411 

function. However, the indoor temperature did not change significantly in the absence of nocturnal 412 
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insulation. By implementing the Trombe wall, comfort condition was reported during the daytime in 413 

all cases. However, during some nighttime parts, the indoor temperature was still lower than the 414 

comfort limit (from 4 a.m. to 7 a.m.). Therefore, during nighttime, activation of the heating system is 415 

required. The maximum temperature is reported in the early afternoon when the indoor temperature 416 

of the room with the Trombe wall reaches 26 ℃.  417 

Table 7. The trend of indoor and outdoor temperatures of the room with/without Trombe wall under different 418 
vents and mobile insulation schedules for a sunny and cold winter day (February 2).  419 

                          Hour 

Case            

Daytime temperature (℃)  Nighttime temperature (℃) 

8-11 12-15 16-19 20-23 24-3 4-7 

Reference room 8 11.6 12 8.8 8.1 6.8 

Room 

with 

Trombe 

wall 

Day-night passive heating 

 
20.1 25.9 23.3 20.5 18.5 16.6 

Day-night passive heating 

& Night insulation 
20.4 26.2 23.6 21. 19 17 

Night passive heating & 

Night insulation 
17.1 19.9 20.3 20.7 19.2 16.5 

Outdoor conditions -0.2 9.4 9.5 4 2.9 -2.8 

 420 

According to the data, by storing solar heating in the massive wall during the daytime and heating the 421 

room during the night, thermal comfort was not obtained. This undesired condition continued during 422 

the morning. Furthermore, compared to passive heating, the impact of using mobile insulation for 423 

nighttime was not significant. Since by activating nocturnal insulation, the indoor temperature 424 

increased partially (0.4 ℃ on average).     425 

3.3.2. Investigating Summer scenarios 426 

For the summertime, due to the high outdoor temperature of the locality and the risk of overheating, 427 

implementing natural ventilation during the daytime is not recommended. However, nocturnal 428 

ventilation and shading device can be influential in reducing the indoor temperature during the day in 429 

harsh climate conditions [55]. Therefore, this section  investigates the thermal efficiency of the Trombe 430 
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wall with various vents and blinds schedules for a hot and sunny day of the summertime as the worst 431 

scenario and compares the different ventilation strategies.  432 

Fig .11 shows the hourly temperature of the room with or without a Trombe wall with different 433 

ventilation and blinds settings for a hot and sunny day during the summer. As the figure shows, in 434 

contrast to the winter, the function of the Trombe wall for the summer was not satisfying. Since, even 435 

in the insulation mode of the Trombe wall (without ventilation), the indoor thermal condition of the 436 

room was worse than the reference room. According to the data, with or without the Trombe wall, 437 

implementing natural ventilation reduced indoor temperature.  438 

Reference room with cross ventilation acted better during the daytime among the different cases. 439 

While the room with the ventilated Trombe wall and open blinds acted better during the nighttime 440 

(Table 8). Hence, natural ventilation seems useful to increase the heat transfer from the room to the 441 

outdoor environment and reduce indoor temperatures. However, due to high outdoor temperature, 442 

thermal comfort was not achieved. The maximum effect of natural ventilation was observed in the 443 

early morning and the minimum in the evening. Although cool air from the outside was available 444 

during the nighttime, according to the data, relying on night ventilation was also not effective and can 445 

increase the temperature during the morning (up to 2 ℃). 446 

 447 

Fig. 11. The trend of indoor and outdoor air temperatures of the room with/without the Trombe wall under 448 
different schedules of vents and blinds on a summer’s hot and sunny day (June 26), (NV: natural ventilation). 449 

  450 

Table 8. The average temperature values of room with/without Trombe wall under different vents and blinds 451 
schedules for a summer’s hot and sunny day (June 26). 452 
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 453 

By deactivating the blinds system, the room temperature increased, especially during the daytime. The 454 

maximum increase in temperature was reported in the early morning, which was about 2 ℃. As the 455 

graph illustrates, the cooling effect of natural ventilation seems higher than the blind’s efficiency. By 456 

implementing natural ventilation, the room temperature reduced about 2.9 ℃. However, by blinds' 457 

activation, 0.8 ℃ reduction was observed on average. The low efficiency of blinds in controlling 458 

indoor temperature might be due to the presence of the south window in all cases, causing solar heat 459 

penetration. As a result, activating natural ventilation and blinds for the room with the Trombe wall 460 

resulted in better performance among the cases investigated. Since indoor thermal conditions are out 461 

of the comfort range in all cases, HVAC system is required for the summer season. Hence, the 462 

insulation mode is selected for the summer season among various cases.  463 

3.3.3. Investigating moderate seasons scenarios  464 

During the moderate seasons, the relatively mild outdoor temperature of the locality is suitable for 465 

using natural ventilation and can be enough for cooling indoor space. However, according to the results 466 

of preliminary tests, due to high-temperature fluctuation during day and night, different strategies are 467 

required.  In this section, based on the results of the previous section, the most efficient ventilation 468 

 

 Vent/Opening Blind 
Ave temp. (℃) 

Strategies 
Day Night 

Reference room 

- - 38.8 39.2 Thermal insulation 

* (Openings) - 36.7 37.1 Cross ventilation 

Room with 
Trombe wall 

- * 39.7 39.7 Thermal insulation 

* - 38.4 36.7 Natural ventilation 

* * 36.9 35.8 
Natural ventilation & 

Shading 

*  

(Nighttime) 
* 37.8 36.4 Night ventilation 

Outdoor   36.7 32.8  
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(and shading strategy) was selected and implemented for temperature analysis of two different days 469 

in moderate seasons, May 2 and November 2.  470 

Fig. 12 shows the hourly temperature of the room with or without Trombe wall with different 471 

ventilation and blinds settings of a sunny day on the spring. The reference room was tested with and 472 

without cross ventilation throughout the day and night. Whereas the room with the Trombe wall was 473 

examined with natural ventilation and activated shading throughout the day and night. The graph 474 

illustrates that by implementing natural ventilation in cases with and without Trombe wall, indoor 475 

temperatures reduce considerably, especially during the night when the outdoor temperature reaches 476 

the lowest value (3.9 ℃ by cross ventilation and 3 ℃ by natural ventilation with Trombe wall on 477 

average). The cooling efficiency of natural ventilation in both cases (with or without Trombe wall) 478 

reached the lowest value during the  peak outdoor temperature. Although the room with the Trombe 479 

wall was partially warmer than the reference room, the indoor temperature of the room was within the 480 

comfort range during the day and night.  481 

 482 

Fig. 12. The temperature trend for the room with/without Trombe wall under different schedules of vents and 483 
blinds for a spring day (May 2). 484 

 485 

In autumn, both heating and cooling might be required due to high-temperature fluctuation during day 486 

and night. Therefore, to find the best performance of the solar system for this season, various schedules 487 

of natural ventilation and passive heating were investigated. To control the unexpected night 488 

discomfort, passive heating was specified for nighttime. Also, natural ventilation was tested for some 489 

cases during the daytime to prevent overheating.  490 

Fig. 13 compares indoor thermal conditions of the room with Trombe wall and reference room of a 491 

sunny day in the autumn under different vents settings (November 2). As Fig. 13 illustrates, during 492 

the autumn day, the indoor temperature of the reference room is appropriate, except for late night and 493 
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early morning when a slight increment of the heating demands has emerged. By implementing the 494 

Trombe wall, the average indoor temperature of the room during the day increased dramatically (at 495 

least 3 ℃). Implementing natural ventilation caused a temperature reduction of 1.7 ℃ during the day, 496 

but its impact was more evident during the night when a reduction of 4.8 ℃ was occurred on average. 497 

Therefore, it seems that natural ventilation during the daytime can ruin passive heating at night, 498 

resulting in high exposure of massive walls to the outdoor environment. However, the indoor 499 

temperature still was in the comfort range, indicating that activating the heating system was not 500 

required. The sharp change of temperature at 6 p.m. was due to changing the vent mode. As a result, 501 

the Trombe wall with natural daytime ventilation and passive heating for nighttime is recommended 502 

to be used for November.  503 

 504 

Fig. 13. The trend of temperature for the reference room and the room containing Trombe wall with and 505 
without natural ventilation for an autumn day (November 2). 506 

 507 

Comparing the graphs of spring and autumn showed, in the case with higher outdoor temperatures, 508 

natural ventilation induced by Trombe wall performed better than cross ventilation of the reference 509 

room. In lower outdoor temperatures, the efficiency of natural ventilation was reduced during the 510 

daytime, and it also increased the risk of overcooling during the night. The highest heating efficiency 511 

of the Trombe wall was reported at 7 p.m. (4 ℃) on an autumn day, while its highest natural ventilation 512 

efficiency was observed at 9 p.m. (5 ℃) on a spring day. As a result, natural ventilation is 513 

recommended to improve the thermal efficiency of the Trombe wall in moderate seasons.  514 

 515 

3.3.4. The optimum monthly schedules 516 
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Based on the results of previous sections, a series of preliminary simulations were carried out to 517 

determine the appropriate monthly shading and ventilation schedule under different outdoor conditions 518 

considering the number of sunny days throughout the year.  The target was obtaining the optimum 519 

indoor thermal condition for the room with the Trombe wall. Tables 9 and 10 show the year’s hourly 520 

vent and shading schedules. Fig. 14 shows that, in the summer the internal vents are closed, and 521 

external vents of the glass wall are open to prevent overheating. At the same time, blinds were 522 

activated during the daytime. Therefore, the Trombe wall acted as thermal insulation, and a HVAC 523 

system is required. During the moderate seasons, to take advantage of natural ventilation, the room 524 

north opening in addition with upper vents of the Trombe wall and upper and lower vents of the glass 525 

wall were open. In these moderate seasons, the shading system was not required, except in May and 526 

June, while the mobile insulation was only used for December nights. In the winter, passive heating 527 

was activated for the indoor space by closing the external vents and opening the internal vents of the 528 

Trombe wall. To prevent heat loss, blinds were applied during the nighttime as mobile insulation. As 529 

Table 10 shows, November is the only month with two different daily strategies (daily natural 530 

ventilation and nocturnal passive heating). 531 

Table 9. The hourly schedule of blinds and mobile insulation for the Trombe wall during the year.   532 

Hour Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

00:00-06:00             

07:00-17:00             

18:00-24:00             
 533 

Table 10. The hourly schedule of vents for the Trombe wall along with different thermal and ventilation 534 
strategies during the year.  535 

Hour Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

00:00-06:00             

07:00-17:00             

18:00-24:00             

      Passive heating (orange), Natural ventilation (yellow), Thermal insulation (white)  536 

 537 

 538 
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Fig. 14. The daily and nocturnal operation modes of the optimum Trombe wall during heating (a), cooling 539 
(b), and moderate (c) seasons.  540 

 541 

 542 

 543 

4. Energy and CO2 saving  544 

In this section, the contribution of the Trombe wall in the reduction of cooling and heating loads due 545 

to implementing different strategies for each month was calculated and compared with the reference 546 

room using an HVAC system. Fig 15 illustrates the room with optimum Trombe wall monthly cooling 547 

and heating energy needs compared to the reference room. To more precisely evaluate the energy, 548 

similar ventilation modes during each month for the room with the Trombe wall and the reference 549 

room were assumed. It means that, for the summer and winter seasons, both rooms are insulated, while 550 

in moderate seasons, natural ventilation is applied for both cases (cross ventilation for the reference 551 

room and natural ventilation for room with Trombe wall).     552 

In the winter, the Trombe wall was used for passive heating. As Fig. 15 shows, the application of the 553 

Trombe wall could almost fulfill the heating requirements of the room except for January, which still 554 

heating system is needed. However, this month also had the highest reduction of energy needs when 555 

the heating demand of 211 kWh dropped to 66 kWh. It confirms the high efficiency of the Trombe 556 

wall in conditions with high solar radiation intensity. A considerably various trend was observed in 557 

the summer. As indicated by the thermal analysis, the Trombe wall only could act as thermal insulation 558 

on days with hot outdoor temperature. The graph shows that even in insulation mode, the negative 559 

effect of the Trombe wall on the cooling load of the room is observed, since it was slightly higher than 560 

the cooling needs of the reference room in September.  561 

 562 

Fig. 15. The monthly cooling and heating energy demands of the room with optimum Trombe wall relative to 563 
the reference room comparison. 564 
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 565 

During the moderate seasons, passive heating and natural ventilation were implemented. During this 566 

period, although by implementing the Trombe wall the room heating loads were almost fulfilled, a 567 

partial increase of the cooling demand was observed (especially in June). The natural ventilation 568 

reduced the cooling loads in the reference room and the room containing the Trombe wall in April, 569 

May, and October due to the relatively low ambient temperatures during the vents activation time. 570 

However, the efficiency of natural ventilation provided by the Trombe wall is not prominent compared 571 

to cross ventilation in the reference room. Therefore, according to the energy graph, the highest 572 

thermal performance of the Trombe wall belongs to the winter and after the autumn, when the Trombe 573 

wall is in the passive heating mode. In the presence of the Trombe wall, natural ventilation can be used 574 

for five months of a year during the moderate seasons.  575 

As Table 11 shows, overall, the heating energy can be saved about 86% using the Trombe wall, while 576 

it slightly increased cooling energy by about 5%. Therefore, on average, the room’s energy 577 

consumption was reduced by 63% per year (equal to 683 kWh), resulting in the CO2 emission 578 

reduction by approximately 124 kg.  579 

Table 11. The annual heating and cooling requirements of the room with Trombe wall (optimum case) 580 
compared to the reference room. 581 

Case Heating (Gas) kWh Cooling (Electricity) kWh Co2 Emissions (kg) 

Room with optimum 

Trombe wall1 108.2 278.5 219.9 

Reference room2 805 264 343.8 

      1Room with 2/3 area ratio concrete Trombe wall and scheduled ventilation and shading 582 
      2Room without Trombe wall with the same scheduled cross ventilation 583 
 584 

5. Payback period calculation 585 

To estimate the entire cost of retrofitting the Trombe wall to the room, considering the construction 586 

materials and installation costs, and external attachments such as blinds for shading and insulation, the 587 
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total cost of the Trombe wall was equal to 160 Euros. Under real conditions, the heating season’s 588 

energy need (from November to March) was 70.6 kWh/m2. Regarding the amount mentioned above, 589 

the cost of natural gas, the cheapest and the most used fuel in housing, for the entire heating season 590 

was 6.4 Euros/year. The cost for gas was 0.083 Euro/m3. 591 

The same calculation was carried out for the room with Trombe wall incorporated, and the 592 

consumption was estimated equal to 9.5 kWh/m2. Therefore, according to the data, the payback for 593 

the low-cost Trombe wall was around 28 years, considering the least favorable scenario (with the high 594 

performance, cheapest fuel, and masonry materials).  595 

The energy values demonstrated in Tables 11, and 12 indicate the relatively high savings, whereas the 596 

payback period is quite long. It is because compared to the average world price, the price of gas in 597 

Iran is quite low (about one-tenth of the world prices) [33, 56]. Therefore, despite the high thermal 598 

performance of the Trombe wall, it is not assumed a low-cost retrofit action in the locality of Yazd, 599 

Iran.    600 

  601 
Table 12. Summary of cost evaluation for implementing Trombe wall. 602 

Item Reference room 
Room with Trombe 

wall 
Unit 

Initial investment - 160 Euros 

Heating demands (per meter) 70.6 9.5 kWh/m2 

Unit price per m3 0.083 0.083 Euro/m3 

Annual expenditure in Heating 6.44 0.86 Euros 

Payback period - 28 Year 

 603 

6. Conclusion 604 

This study presented the annual efficiency of a Trombe wall attached to a bedroom façade, as a 605 

retrofitting system, in Yazd with a hot and arid climate. Different Trombe wall configurations and 606 

materials were investigated for the selected days of winter and summer seasons. A concrete Trombe 607 

wall with 2/3 of the façade area was determined as the optimum model. Then, to improve the yearly 608 
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thermal efficiency of the Trombe wall, various ventilation strategies and shading and mobile insulation 609 

modes for the external glass wall were examined. It was determined by setting a schedule for vents 610 

and blinds for each month separately. The blinds were applied to avoid solar radiation penetration 611 

during the summer and enhance the thermal resistance of the system during winter nights. 612 

According to the results, three operational modes are proposed for the Trombe wall during the year, 613 

including passive heating and nocturnal mobile insulation for winter, insulation mode with shading 614 

for summer, and natural ventilation for moderate seasons. Trombe wall has its highest efficiency in 615 

passive heating mode during the heating season with an 86% heating load reduction. While its lowest 616 

efficiency is reported during the cooling season when even in insulation mode, the presence of the 617 

Trombe wall increases the cooling load by 5%. A combination of natural ventilation and shading can 618 

control overheating of the room with the Trombe wall during the moderate seasons. However, 619 

compared to cross ventilation in the reference room, the cooling efficiency of natural ventilation 620 

provided by the Trombe wall was not significant. In addition, the shading effect of blinds covering the 621 

external glass wall of the Trombe wall in summer was more significant than its insulation effect for 622 

the winter night.  623 

In the winter, the passive heating provided by the Trombe wall is enough to obtain comfort conditions 624 

except for limited hours of night time which activation of the heating system is required. In the 625 

summer, the activation of HVAC is needed to keep the indoor temperature within the comfort limit. 626 

For moderate seasons, natural ventilation is influential for most of the time (four months), except  for 627 

December with passive heating and November with various day and night strategies (natural 628 

ventilation and passive heating, respectively). In conclusion, retrofitting the Trombe wall in the room 629 

reduced the annual energy demand by 63% (equal to 683 kWh), equal to a reduction of 124kg CO2 630 

emission. Despite its high heating efficiency, the estimated payback period is prolonged due to low 631 

fuel prices in Iran compared with the world fuel prices. Therefore, the selected Trombe wall cannot 632 

be assumed as a low-cost strategy in the locality.  633 
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6.1. Future studies: 634 

The impact of radiation temperature on comfort conditions of the room with the Trombe wall needs 635 

to be investigated. In addition, to achieve better natural ventilation, further studies on the vents design 636 

of the Trombe wall are required. Different mobile insulations for the external glass wall should be 637 

compared.   638 
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