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Abstract 

The use of an attached sunspace is one of the most popular passive solar heating techniques. One of the main 

drawbacks of the sunspace is getting over heated by the sun energy during the hot season of the year. Even in 

northern climates overheating could be problematic and there is a considerable cooling demand. Shading is one 

of the most efficient and cost effective strategies to avoid overheating due to the high irradiation especially in 

the summer. Another strategy is using ventilation system to remove the excess heat inside the sunspace. 

However this rejected energy can be captured and stored for future energy demands of the sunspace itself or 

nearby buildings. 

Therefore the Solar blind system has been considered here for the shielding purpose in order to reduce the 

cooling demand. By considering the PV/T panels as the solar blind, the blocked solar energy will be collected 

and stored for covering part of the heating demand and the domestic hot water supplies of the adjacent building.  

From a modeling point of view, the sunspace can be considered as a small-scale closed greenhouse. In the 

closed greenhouse concept, available excess heat is indeed utilized in order to supply the heating demand of 

the greenhouse itself as well as neighboring buildings. 

The energy captured by PV/T collectors and the excess heat from the sunspace then will be stored in a thermal 

energy storage system to cover the daily and seasonal energy demand of the attached building. 

In the present study, a residential building with an attached sunspace with height, length and width of 3, 12 and 

3.5 meters respectively has been assumed located in two different locations, Stockholm and Rome. Simulations 

have been run for the Solar blind system integrated with a short-term and a long-term TES systems during a 

year to investigate the influence of the sunspace equipped with a PV/T Solar blind on the thermal behavior of 

the adjacent building. 

The simulated results show that the Solar blind system can be an appropriate and effective solution for avoiding 

overheating problems in sunspace and simultaneously produce and store significant amount of thermal energy 

and electricity power which leads to saving considerable amount of money during a year. 
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1 Introduction 

It is now widely accepted that the rapid reduction of fossil fuel resources together with global warming treats 

has necessitated an urgent search for alternative energy sources to meet partially or completely our demands 

for fossil fuel in the future. One of the promising methods, among the many alternatives, is employing solar 

energy to provide clean auxiliary energy (Boyle, 2012 ) 

As the solar energy has an unlimited source, the energy capturing process is pollution-free and the technology 

is established, it can stand out between the other alternatives at the brightest long range promises towards 

meeting the growing demand for energy (Boyle, 2012 ). 

There are different systems available nowadays for capturing and utilizing the solar energy. This energy can be 

used for space cooling and heating, domestic hot water heating, industrial heating and electricity generation. 

These systems are divided into two main categories, passive and active systems (Hsieh, 1986).  

In the passive systems, radiation, conduction and natural convection are the only means of heat transfer. These 

systems employ no pumps or fans to aid in heat transmission and incorporate the required components directly 

into the building structure. On the other hand, active systems use specially installed solar collectors and storage 

system units integrated with other mechanical and electrical components to capture and store the solar energy 

(Shaviv, 1984). Proper use of the passive and the active systems can lead to saving in energy and consequently 

in money (Mihalakakou, o.a., 2000). 

Among the many passive solar systems, the sunspace is one the most popular and common systems and this is 

due to its good and pleasant appearance as well as its potential as an energy collecting system that can provide 

an additional space for the adjacent building (Ferrante, o.a., 1996). The sunspace is a useful technique to capture 

and store the solar energy besides it works as a retrofitting method by glazing in balconies or as anew built 

extensions (Jaure, 1998). 

A sunspace works by combination of two features of the passive heating systems which are direct-gain and 

indirect-gain. The sunspace is heated directly by the sun and the adjacent building is heated indirectly by the 

heat conducted through the partition wall. (Hsieh, 1986) The sunspace is observed as an energy efficient system 

that is able to meet its own needs and also provides excess energy which can be used as an auxiliary energy 

source for the adjacent house (Bakos, 2003). The sunspace can be assumed to be a close greenhouse. A close 

greenhouse has a structure which is covered by transparent device such as glass in order to use solar energy for 

agriculture purposes and has no windows to open to release excess humidity and heat or to cool the house 

when it is too warm. (Vadiee, o.a., 2010) 

A sunspace with a proper design should provide space heating during cold period of the year, however during 
the summer the interior air temperature of the sunspace increases due to the cumulative heat from the sunlight 
and causing unwanted heat transfer from the sunspace to the adjacent building during the summer which 
increases the cooling load of the building. This problem is called the overheating problem (Bakos, o.a., 2000). 

Mihalakakaou studied the thermal performance of an assumed attached sunspace in different parts of Europe 
with different climates. He showed that overheating problem happens inside the sunspace during summer in 
all different climates. In southern climates, overheating problems during the hot period are faced by using 
effective solar control and passive cooling systems, like earth to air heat exchangers and night ventilation. In 
temperate climates the conditions are more favorable, though it is still essential to design sunspaces taking into 
consideration cooling systems such as effective shading devices, ventilation and appropriate thermal insulation 
to decrease the effects of overheating problem. Overheating can be a problem even in northern climates, and 
the design of sunspaces should include ventilation and shading devices (Mihalakakou, o.a., 2000). 

An additional method to overcome the overheating problem is plantation inside the sunspace. The plantation 
inside the sunspace makes it possible to moderate the temperature inside the sunspace due to the 
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evapotranspiration phenomena; however this method is a specific solution that only can be used for sunspace 
concept and not any other case (Vadiee, o.a., 2010). 

Figure 1 shows the primary energy flows of the sunspace. The heat transfer between the sunspace and the 
surroundings can be observed in this figure. By defining the sunspace as a control volume, heat transfers 
between the sunspace and the adjacent building, the ground and the ambient air. The incident solar radiation is 
considered as the major heat gain and the radiation and transpiration from the plants has been considered as 
the internal source terms. The evapotranspiration has a significant role in the indoor climate control. by adding 
moisture to the environment due to the evapotranspiration, plants will act as a water vapor source in the 
sunspace (Vadiee, o.a., 2012) .  

 

Figure 1 the primary energy flows of the attached sunspace 

1.1 Aims and Scope 

The techniques that has been mentioned to overcome the overheating problem, work in a way to reject the 
excess energy. This takes place by reflecting the solar radiation using shading devices and rejecting the excess 
heat through ventilation systems. However this reflected and rejected energy can be captured and stored then 
be used for the sunspace or the adjacent building energy demands. 

In the present research, a new shading device has been modified and presented that are able to not only prevent 
the overheating problem but also capture and store the excess energy through a proper thermal energy storage 
system for future use of the sunspace or the adjacent building and improve the thermal performance of the 
system. Later on, an energy analysis model has been developed using the TRNSYS software to investigate the 
thermal performance of a building with an attached sunspace integrated with the new shading and ventilation 
systems. Afterwards the results have been discussed and a conclusion has been made. 
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2 The solar blind concept 

As it was mentioned before, one of the strategies to overcome the overheating problem in the sunspaces is to 
use shading devices. In the present study, an innovative shading device has been defined which is able to cover 
the sunspace roof to avoid the overheating problem and also captures and stores the energy in terms of heat 
and electricity. This concept has been named the solar blind system. This system uses a series of combined 
photovoltaic thermal solar collectors (PV/T) to cover the sunspace roof. These collectors are designed in a way 
to be able to rotate around their axis to work like a conventional greenhouse shading system (Figure 2). The 
heat and electricity generated by the collectors will be stored in a thermal storage system and batteries for further 
utilization.  

 

Figure 2 the schematic profile view of the solar blind in open and close positions 

2.1 Photovoltaic thermal solar collector (PV/T) 

The Photovoltaic thermal solar collectors or PV/T collectors have been chosen as shading panels for the solar 
blind system. The PV/T system is a combination of a solar thermal collector with photovoltaic cells that forms 
one device which can convert solar radiation into heat and electricity simultaneously (Bakker, o.a., 2005). The 
photovoltaic (PV) panels have low efficiency, which means these panels are able to convert a small fraction of 
the incident solar radiation to electricity; the remainder is turned mostly into waste heat in the cells and as a 
result the temperature of PV will raise and the efficiency of the cells will decrease. By active water cooling on 
the back of the panels, relatively cool and thereby high efficient panels, and also hot water for domestic 
consumption can be maintained (Bakker, o.a., 2005). The synchronized cooling of the PV module sustains 
electrical efficiency at acceptable level and therefore the PV/T collector offers a better way of utilizing solar 
energy with higher overall efficiency. As a result, PV/T collectors convert more solar energy to useful energy 
per unit surface area than summation of separate solar thermal collectors and photovoltaic panels. Additionally, 
PV/T has also the aesthetic advantage of PV (Singh, o.a., 2011). 

Some of the advantages of PV/T systems are listed below: 

• Dual-purpose: Production of both electricity and heat energy can be obtained only with one system; 

• Efficient and flexible: the combined efficiency is always higher than using two separate systems and is 
particularly attractive in buildings when there is limited space for solar panels (Tyagi, o.a., 2012); 

• Wide application: Both the electricity and heat energy extracted from the system can be used for different 
application. Significant space heating and/or water heating can be accomplished with heat energy extracted 
from PV/T system as well as space cooling (For Desiccant system and Absorption air conditioning ) (Tyagi, 
o.a., 2012); 
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 • Cheap installation and practical: The integration of the system to a building can be easily done without any 
major replacing and modification of the roofing material (Tyagi, o.a., 2012). 

Figure 3 illustrates the schematic profile view of a PV/T collector. 

 

Figure 3 Schematic view of a PVT water collector (Tyagi, o.a., 2012) 

2.2 Thermal storage system (TES) 

The energy source of the system is solar energy and this energy is only accessible during the day and its 
availability can vary depending on the weather conditions and environmental situation. Therefore, using of a 
TES (Short-term or long-term) is essential to improve the reliability of the system along with improving the 
mismatch between energy supply and demand (Twidell, o.a., 1998). In the solar blind system, the heat energy 
that has been produced by arrays of PV/T collectors assumed to be stored in a TES via a heat exchanger. Both 
a short-term and a long-term storage system have been considered for the system. The stored heat energy in 
the thermal storage system can be used later on for either the tap water usage or the domestic heating purposes. 

In addition the excess heat inside the sunspace can be captured and stored in a TES as well. As the sunspace 

works similar to the closed greenhouse it can supply the heating demand in order to keep the indoor 

temperature in a desirable range for cultivating purpose.  

The schematic view of a PV/T system integrated with a short-term TES is shown in figure 4. The short-term 
TES assumed to be a thermal stratified water storage tank which is an effective management technique to 
increase the efficiency of a solar thermal system. The overall performance of the system is improved by thermal 
stratification by means of increasing the efficiency of the solar collectors through decreasing the average 
temperature of the collector absorber plate and by increasing the temperature level of the water supplied to the 
load (Sharp, o.a., 1979). The hot water produced by solar collectors will be stored and delivered via the storage 
tank to the building for short-term consumption. However in winter there is not enough solar heat gain to 
deliver a sufficient hot water to the system. Therefore a long-term TES is also needed to cover the hot water 
demand during winter. 
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Figure 4 Schematic view of the solar blind system integrated with a thermal stratified water storage tank  

There are several types of seasonal thermal energy storage systems which can be considered such as 
underground thermal energy storage systems including borehole thermal storage (BTES) and aquifer thermal 
storage (ATES). In this study the borehole thermal storage system is considered as the long-term TES for the 
system since ATES in not available everywhere due to the geological restriction but BTES can be installed 
almost everywhere. BTES consists of vertical U-pipes placed inside boreholes in the ground (Figure 5).  The 
cold water will pass through the heat exchangers to absorb the heat energy from the solar blind and becomes 
warm. Then the heat exchanger outlet warm water will injected into the storage system in order to charge the 
system. In winter time, the warm stored water will be pumped into a heat pump in order to elevate the 
temperature into the desirable range and finally it will pass through the heat exchanger in order to cover the 
heating demand. The heat exchanger outlet cold water will injected to the cold side of BTES again. These 
systems are very common in residential houses in urban areas where the space is restricted.  

 

Figure 5 Schematic view of the solar blind system integrated with BTES 
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3 System modeling and configuration 

Simulations have been done using the TRNSYS modeling software in order to assess the influence of a sunspace 

integrated with a solar blind system on the thermal performance of a building. TRNSYS is transient system 

simulation software with a modular structure (TRNSYS, 2006). A model has been developed for a sunspace 

attached to the south side of a residential building. Three main parts of the system, the building, the sunspace 

and the solar blind, have been simulated individually and later were combined together to form an integrated 

model.  

The TRNSYS system model consists of many components, including the building and the solar system 
components, a climate data component, user-defined modules (internal gains, evapotranspiration module, 
infiltration and ventilation ratio module and control systems. The climatic conditions and thermo-physical 
properties of the outdoor environment like solar radiation, wind velocity, ambient temperature and relative 
humidity for a typical year have been obtained from the “Weather data” component (TRNSYS TYPE 109). 
More detailed information about the modeling is given in the following sections. 

3.1 Location 

The simulated configurations are assumed to be located in Stockholm, the capital of Sweden in northern 
Europe; Stockholm is located on Sweden’s south central east coast at 59˚ latitude and 18˚ longitude. This city 
has a humid continental climate. Due to the Stockholm high northerly latitude, daylight hours vary in a wide 
range during the year, from around 18 hours in June to less than 6 hours in December. The mean annually 
sunshine hour is approximately 1800 hours. Regardless of Stockholm northern location, the city has relatively 
mild weather comparing to the other locations at the same latitude  (World weather information service, 2013). 

The annual average temperature in Stockholm is 5-7 ˚C, with summer and winter average daytime temperature 

of 20˚C to 25˚C and -5 to 1˚C respectively (World weather information service, 2013). 

In 2011, 153 TWh of energy in terms of fuel and 151 TWh of electric energy were used in the residential and 

service sector in Sweden which is almost 21% of the total energy consumption and 98 TWh of this energy was 

used for heating in households (Swedish Energy Agency, 2011). However, with proper thermal energy 

management with help of passive and active solar system this amount can be reduced. 

3.2 The building modeling and configuration 

The first main part of the system is the building which is assumed to be a residential building with five occupants 
and area of 120 m2 with the dimensions of 3 meters height, 12 meters length and 10 meters width. The building 
component is included with a set of external files created based on user-supplied information such as physical, 
thermal and geometrical properties, by running a pre-processor program called TRNBuild which is a 
supplementary tool coupled with TRNSYS.   In order to decrease the level of complexity, the building is 
considered as a single thermal zone model. The building has windows with total area of 18 m2. The windows 
have been assumed to be double glazed with U-value of 1.4 W/m2K in order to minimize the building heat 
loss. The structure of the building has been assumed to be new with small amount of leakage. The target 
temperature for controlling the heating and cooling modes of the building are defined as 22˚C and 25˚C 
respectively, and the target values for the relative humidity are set to 50% (humidification) and 55% 
(dehumidification). These values are set in a way to keep the indoor environment conditions of the building in 
the comfort zone during the year (ASHRAE Handbook, 2009). The infiltration, which is the flow of outdoor 
air due to the wind and thermal pressure through intentional openings in the building’s shell, has been assumed 
to be 0.5 1/h (ASHRAE Handbook, 2009). The configurations and details of the building model that have 
been assumed in the simulation are listed in Table 1. 
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Location Stockholm 

Volume 360 [m3] (3*12*10m) 

Windows area 18 [m2] 

Windows type Double glazed 

Windows U-value 1.4 [W/m2K] 

Infiltration 0.5 [1/h] 

Ventilation rate 1.5 [1/h] 

Humidity of supply air 50 [%] 

Heating set temperature 22 [deg. C] 

Cooling set temperature 25 [deg. C] 

Occupant 5 

Table 1 The residential building characteristics (ASHRAE Handbook, 2009) 

3.3 The attached sunspace modeling and configuration 

The proposed sunspace is attached to the south side of the building since the maximum absorption of the sun 
energy is obtained from the south wall in north hemisphere.  (Bataineh, o.a., 2011).  

To resembling the greenhouse construction, which has only glazed covering, the sunspace walls and roof have 
been assumed to be covered by 99% window, considered to be double glazed windows with the total heat 
conduction value of 1.4 W/m2k, due to the fact that using a double glazed window rather than a single glass 
will improve the thermal performance of the sunspace (Vadiee, o.a., 2010). The sunspace has a roof with angle 
of 30˚ which has been chosen close to the optimal collector slope value in Sweden and a front wall with angle 
of 60˚ to the horizon (Gunberg, 2011). Inclined walls and roof maximize the transmitted radiation and increase 
the total energy collecting area of the sunspace which will result in higher passive system efficiency (Mottard, 
o.a., 2007). 
For simulating the attached sunspace the TYPE 37b-2 has been chosen which is the special TRNSYS model 
type for the attached sunspace. Solar radiation is absorbed by the sunspace floor and wall after passing through 
the windows. By conduction through the shared wall, the absorbed solar radiation reaches the attached building. 
The sunspace loses energy to ambient by convection, conduction, radiation and infiltration through the glazed 
surfaces and to the ground by conduction through the floor (TRNSYS 16 Manual, 2006).The model inputs are: 
the sunspace geometrical dimensions, values of direct and diffuse radiation, incidence angle of beam radiation 
for each glazed surface, solar azimuth and zenith angles, sky and exterior air temperature, air temperature of 
the adjacent room and air flow from the outside which are summarized in the table 2. Air temperatures in the 
sunspace and heat flux to the adjacent room are the main outputs.  

In addition, an air handling unit (AHU) also assumed for the sunspace to assist to overcome the overheating 

problem and also keep the indoor temperature of the sunspace below 25˚C during summer to make the 

environment suitable for living and agriculture.. The excess heat from the sunspace, captured by the AHU, will 

be used to heat up the water through a heat exchanger. The hot water then will be stored in the TES for later 

domestically use. Table 2 presents a summary of the sunspace characteristics that have been assumed for the 

sunspace model. 
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Height 3 [m] 

Depth 3.6 [m] 

Width 12 [m] 

Roof angle 30˚ 

Front wall angle 60˚ 

Glass wall U-Value 1.4 [W/m2K] 

Table 2 The sunspace characteristics 

3.4 The solar blind modeling and configuration 

As it was mentioned before the solar blind concept is consists of series of PV/T collectors which are connected 
to a thermal storage system via a heat exchanger. To be able to cover the roof surface of the sunspace, 18 
numbers of PV/T collectors are needed if we assume the dimensions of each PV/T to be 1×2 meters. The 
TRNSYS component TYPE560 was used during the simulation for PV/T collectors, as it is the only 
component available in TRNSYS 16 for this kind of collectors (The mathematical description of the component 
is available in the Appendix). This component is a model of an un-glazed PV/T collector which is able to create 
power from PV cells and also provide heat to a fluid passing inside the tubes attached to an absorber plate 
placed under the PV cells. This model depends on linear factors relating the incident solar radiation and also 
the efficiency of the PV cells to the cell temperature.  The PV cells are assumed to be operating at their 
maximum power point condition (TRNSYS 16 Manual, 2006). In order to prevent the freezing problem in 
winter, the working fluid inside solar panels is assumed to be water and glycol solution (Cp=3.85 kJ/kgK). The 
initial value of the TES tank volume assumed to be 1 m3 which is the typical average hot water tank size for a 
residential household with five occupants. 

There is no need for the solar blind system to work all the time during a year. During winter no overheating 
occurs inside the sunspace therefore there is no need for shading the roof. The working period of the solar 
blind system has been chosen to start in 15th of March and it continues till 15th of October by taking into the 
consideration both the sunspace and the solar blind system thermal performances. Due to the installation issues, 
the slope angle of the collectors is recommended to be 30˚, the same as the angle of the sunspace roof. This is 
also the optimum collector angle in Stockholm, and with this angle the collectors have their best performance 
during the working period (Gunberg, 2011). Table 3 presents the solar blind characteristics that were used in 
the model. 

Length of collectors 2 [m] 

Width of collectors 1 [m] 

Number of panels 18 

fluid specific heat 3.85 [kJ/kg K] 

Collector slope angle 30˚ 

Storage tank Volume 1 [m3] 

Maximum Fluid flow rate inside collectors 100 [kg/hr] 

Table 3 The solar blind characteristics 
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Finally all the three models have been combined together in order to form an integrated system. Figure 6 shows 

a schematic isometric view of the sunspace, integrated with the solar blind system, attached to the residential 

building. 

 

Figure 6 A schematic isometric view of the residential building with attached sunspace and the solar blind 
system 

The simplified layout of the whole system model in TRNSYS environment is presented in figure 7. 

 

Figure 7 The layout of the whole system model developed by TRNSYS 
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4 Results and discussion 

The results obtained from the energy analysis using the described TRNSYS model are presented in this The 

effect of climate types on the system performance of the concept has been studied for two location, one in 

Stockholm representing the northern climate condition and the other one in Rome which has a temperate 

climate condition. 

The time interval in the simulations is hourly basis, and the weather data have been collected from Meteronom 

published by METEOTEST (Hill, 2006).  

In the end, a simple cost analysis has been done to investigate cost effectiveness for the proposed concepts.  

4.1 The thermal performance of the attached sunspace 

integrated with the solar blind system 

Hourly values of inside temperature of the sunspace with and without the solar blind system as a shading device 

have been measured during a year. From figure 8 it can be observed that the temperature inside the sunspace 

increases significantly during hot season. The inside temperature will rise due to the cumulative heat from the 

sun radiation. The shortwave radiation passes through the sunspace while the long wave radiation cannot escape 

through the glazing. However during cloudy days and nights the sunspace loses heat rapidly. 

As it can be seen from the figure 8 during some hours of the hot season the temperature inside the sunspace 

passes over 100˚C as the sunspace model in the simulations assumed to work like an ideal model with a very 

low infiltration and heat losses.  

As previously stated, the operation period of the solar blind assumed to be between 15th of March till 15th of 

October. This period has been chosen in order to obtain the best performance both by the sunspace and the 

solar blind. The sunspace acts as usual during the cold season and helps to improve the thermal performance 

of the adjacent building. From 15th of March, when the hot period begins, the building has a lower amount of 

heating demand and the temperature of the sunspace start to rise dramatically. At this time utilizing the shading 

device will be essential to overcome the overheating problem. By using the solar blind system as shading device, 

the inside temperature of the sunspace decreases to around 50˚C during hottest hours of the year. 

By adding the AHU to the sunspace system, it will be possible to keep the inside temperature below 25˚C. This 

will make the indoor atmosphere of the sunspace possible for agriculture purposes and living. The amount of 

heat captured by AHU is around 1.7 MWh per year. Although, as it was previously stated, this captured energy 

in forms of hot air, can be used for producing hot water and be stored for feature use with assistance of a heat 

exchanger and a TES. 
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Figure 8 Temperature inside the sunspace during a year 

4.2 The Thermal performance of the building with the attached 

sunspace integrated with the solar blind system 

The purposed solar blind system which has been discussed earlier in the former sections has been modeled and 

coupled to the sunspace attached the south side of the building in TRNSYS in order to study the thermal 

performance of the residential building during a year. Figures 9 and 10 present the monthly thermal loads of 

the building during a year for four different configurations. All the configurations are listed in table 4. 

Configuration 1 Building without the attached sunspace 

Configuration  2 Building with the attached sunspace 

Configuration  3 Building with the attached sunspace integrated with the solar blind system 

Configuration  4 
Building with the attached sunspace integrated with the solar blind and the air handling 
unit systems 

Table 4 Four different configurations of the system  

Figure 9 illustrates the monthly heating loads of the building for all configurations during a year. As it can be 

seen the heating load will decrease significantly by configurations 2, 3 and 4 during seven month of the year 

(February, March, April, May, September, October and November). During these months the sunspace works 

as an auxiliary heat source for the adjacent building. It decreases the heating load and improves the thermal 

performance of the building. However, during January and December, the temperature inside the sunspace 

drops lower than the building temperature due to the low ambient temperature in that period. Therefore heat 

transfers from the building to the sunspace and the heating load of the building will increase.  
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Figure 9 Monthly heating loads of the four configurations during a year 

The monthly cooling loads of the building during a year have been shown in figure 10. From this figure it can 

be observed that the sunspace overheating problem has a significant influence on thermal performance of the 

system during the hot season even in north and cold climate like Sweden. As it can be seen, by adding the 

sunspace to the building (Configuration 2), the cooling demand of the building increases significantly during 

the hot season (May, June, July, August and September). By utilizing the solar blind system as a shading device 

to cover the roof surface of the sunspace (Configuration 3) during hot period, the cooling demand decreases. 

However, this amount is still higher than cooling demand of the building without the sunspace (Configuration 

1). This problem can be solved by adding the AHU to the system to reject the excess heat inside the sunspace 

(Configuration 4).  

 

Figure 10 Monthly cooling loads of the four configurations during a year 
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The table 5 presents the total heating and cooling demands of the four different configurations during a year. 

The comparison between Configurations 1 and 4 shows that with integration of the solar blind system and the 

AHU, the heating load of the building can be decreased by around 2 MWh in a year without having the 

overheating problem during the summer.  

  Configuration 1 Configuration 2 Configuration 3 Configuration 4 

Heating demand [kWh] 20568.7 17440.8 18599.2 18597.7 

Cooling demand [kWh] 913.1 5752.6 1986.2 913.7 

Table 5 The total thermal loads of the four configurations 

4.3 The evaluation of the solar blind system performance  

As it discussed earlier, the solar blind system is not only able to be used as a shading device but it can also 
produce energy in terms of heat and electricity. Here, the electricity production as well as thermal performance 
of the solar blind system is studied. 

Table 6 presents the amount of total heat energy that can be transferred to the load and the electricity 

production by the solar blind system during one year. As it can be seen, the solar blind system can produce 

around 3 MWh of heat energy in terms of hot water. This amount can cover almost 16% of the annual heating 

demand of the proposed building by utilizing a seasonal TES rather than a short-term TES. The solar blind 

system can also provide approximately 3.2 MWh electricity power per year that can cover almost 15% of the 

electricity power demand of a residential house in Stockholm with 5 occupants. This is a substantial amount 

which can be applied for short and long term domestic usage with assisting suitable batteries. 

Total heat energy to load [kWh] 3050.5 

Total Electricity production [kWh] 3161.5 
Table 6 

4.4 The evaluation of the short-term TES performance 

The characteristics and the details of the assumed short-term TES for the present system have been discussed 

in previous sections. Here the performance of the short-term TES has been evaluated using TRNSYS software. 

Figure 11 shows the water outlet temperature from the solar blind collectors and the outlet temperature from 
the thermal storage tank to the load during two operation periods of the solar blind. The first period is regarding 
to 48 hours during the moderate time (4th and 5th of May), and the second one is chosen during the hottest 
hours of the year (21st and 22nd of July).   

During these two periods, the water reaches to a relatively high temperature through the PVT collectors (55˚C 

to more than 65˚C) during day time. This water then will be stored in the short-term TES tank. The water 

temperature that supplies to the load by TES is between 40˚C to more than 60˚C. By utilizing just a short-term 

TES, this water can only be used for domestic tap water consumptions as there is no heating load during the 

summer. However by considering the long-term TES this can be utilized for supplying heating demand of the 

building. 
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Figure 11 Collectors outlet and TES average temperatures during 48 hours of moderate and hot periods of 
the year 

4.5 The evaluation of the long-term TES performance 

The results show that the sunspace integrated with the solar blind system has the potential to cover almost 25% 

of the heating demand of the purposed residential building (Sum of 3 MWh heat energy by the solar blind and 

1.7 MWh from sunspace excess heat). However this cannot be obtained by utilizing a short- term TES, due to 

the fact that the main heat gain by the sunspace and the solar blind system achieves during the hot season and 

there is no need for heating during this period. To be able to cover the heating demand in winter, a long-term 

TES is required. BTES has been assumed as the long-term TES in the present study. The design of the BTES 

can be done based on the peak power that can be stored by the solar blind system which is 8.63 kW. Table 7 

shows the depth and the achievable power of the assumed borehole and the required number of boreholes.  

Depth of the boreholes 150 m 

Power of the boreholes 6 kW 

Number of the boreholes 2 

Table 7 Depth, achievable power and number of required boreholes 

4.6 Influence of location on the thermal performance of the 

sunspace integrated with the solar blind system 

Rome in Italy is chosen as alternative location to study about the influence of location on thermal performance 

of the proposed system. Rome is situated in central Italy with Mediterranean climate. The average annual 

temperature of Rome is 15˚C and it has 2472 sunny hours during a year which is 27% higher in comparison 

with Stockholm. (World weather information service, 2013).  

The energy analysis shows that a residential building with the same dimensions and characteristics as the one 

in Stockholm has much lower heating demand and much higher cooling demand in Rome (Table 8).  

The excess heat of the sunspace in Rome is more than twice of the one in Stockholm; however the influence 

of the sunspace on thermal performance of the attached building is almost the same in both locations, which 

causes approximately 2 MWh reductions in heating demand of the residential building.  

The high energy production of the solar blind is the result of more sunny hours and higher ambient average 

temperature in Rom. However, sensitivity analyses is also needed for better understanding of the concept and 

http://en.wikipedia.org/wiki/Mediterranean_climate


 

 
20 

 

study the parameters which has the most influence of the system performance.  As it can be seen from the table 

8, the heat energy production by the solar blind system can easily cover the whole heating demand of the 

adjacent building.  

  Stockholm  Rome  

Heating demand of the building 
20569[kWh

] 
4561[kWh] 

Heating demand with the building with the sunspace 
18421[kWh

] 
2577[kWh] 

Cooling demand of the building 913[kWh] 7120[kWh] 

Cooling demand of the building with the sunspace 914[kWh] 7118[kWh] 

The sunspace excess heat energy 1699[kWh] 3840[kWh] 

The solar blind heat energy production 3051[kWh] 7160[kWh] 

The solar blind electricity power production 3161[kWh] 4193[kWh] 

Sunny hours during a year 1800[hr] 2472[hr] 

The percentage of heating demand which can be covered by considering 

long-term TES 
25[%] 100[%] 

Table 8 Comparative energy analysis of the system in Stockholm and Rome 

 

4.7 Economic advantage of the solar blind system 

The contribution of the sunspace with the solar blind system leads to save energy by minimizing the required 

external energy (i.e fuel oil) for heating purpose and consequently to save money.  

Lack of information, as like as the solar blind structure cost, and also variety in PV/T panel costs have resulted 

in inaccurate and unrealistic cost analysis of the system. Accordingly, here in this section the focus is only on 

the energy cost that can be saved by utilizing the presented system in a residential building.  

A simple economic analysis has been done to investigate the economic advantage of the system in both 

Stockholm and Rome. Table 9 presents the energy and electricity costs in Sweden and Italy as well as the energy 

costs that can be saved by utilizing the sunspace integrated with the solar blind system in the residential building 

in both countries during a year. 
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Country Sweden Italy 

Electricity price (€/kWh) 0.21 0.22 

Heat energy price (€/kWh) 0.1 0.07 

Saving in electricity (€/year) 663.9 922.4 

Saving in Heat energy (€/year) 689.6 908.9 

Total Saving (€/year) 1354 1831.3 

Table 9 The economic advantage of the solar blind system 

The energy price in both countries is almost the same. However, as the energy production by the system in 

Italy was higher than Sweden, consequently the amount of saving will be higher as well.  

5 Concluding remarks 

A literature study has been done to investigate the working principle, advantages and problems of the attached 

sunspace system. In order to analyze the thermal performance of an attached sunspace in cold region, a 

residential building with attached sunspace located in Stockholm has been considered and modeled using 

TRNSYS simulation software. The results showed that even in cold climates the sunspace can face a 

considerable overheating problem during hot period of the year and this problem affects the thermal 

performance of the sunspace and the attached building. 

In order to overcome the overheating problem an innovative shading device, the solar blind, has been 

introduced using PV/T collectors as shades. New simulation results showed a remarkable influence of shading 

during summer on the performance of the sunspace. Still the overheating problem is exist but with a much 

lower amount. Results indicate that by utilizing an air handling unit to remove the excess heat inside the 

sunspace, the overheating problem can be prevented completely during summer period. The simulation results 

shows that the attached sunspace, equipped with the shading and ventilation systems can decrease the heating 

demand of the building by almost 2 MWh per year which is almost 10% reduction of the total heating load 

during a year. 

The solar blind system works as a shading device but also captures and stores the solar energy through the 

PV/T collectors and the TES. It can produce more than 3.1 MWh of electricity power and 3 MWh of heat 

energy during a year. The excess heat inside the sunspace can also be captured by the AHU and be stored in 

the TES. By utilizing a stratified water tank as the short-term and BTES as the long-term TES more than 4.7 

MWh heat energy can be delivered in forms of hot water to be used for space heating or tap water consumption 

of the residential building. Furthermore, a simple economic analysis shows that the presented system can also 

help to save considerable amount of money by saving and producing energy through a year. 

A comparative study between Stockholm and Rome shows that the same sunspace with the solar blind system 

and the AHU has a better performance in southern climates. In Rome this system can produce heat energy 

with amount of approximately two times more than in Stockholm and produce 1 MWh more electricity power 

throughout a year. 

The present study shows that the solar blind system can improve the thermal performance of the attached 

sunspace and also utilizing this system leads to considerable amount of saving in energy and money. However, 

more studies need to be done on optimizing the design and configuration (Structural and mechanical) of the 

solar blind system to achieve a more efficient system. In continuing studies of this concept more accurate and 

comprehensive economic analysis also needs to be done to be able to discuss the economic feasibility of the 

system. 
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Finally, the application of the solar blind system should be analyzed in broader fields. The solar blind can be 

used as a shading device in any structure with transparent surfaces that are needed to be covered temporarily 

from the sun.   
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APPENDIX: 

TYPE560: COMBINED PHOTOVOLTAIC / THERMAL SOLAR COLLECTOR 

Nomenclature 

S  - net absorbed solar radiation (total absorbed – PV power production) 

houter - heat transfer coefficient from the top of the collector (PV surface) to the ambient air 

hrad - radiative heat transfer coefficient from the top of the collector (PV surface) to the sky 

TPV - PV cell temperature 

Tamb - ambient temperature for convective losses from the top surface 

Tsky - sky temperature for long-wave radiation calculations 

Tabs - absorber plate temperature 

RT - resistance to heat transfer from the PV cells to the absorber plate 

R1 resistance to heat transfer provided by the material between the PV cells and the 
absorber 

ε emissivity of the top surface of the collector (PV surface) 

σ Stefan-Boltzmann constant 

τα transmittance − absorptance product for the solar collector 

n  normal incidence 

IAM incidence angle modifier 

GT total solar radiation (beam + diffuse) incident upon the collector surface 

XCelltemp  multiplier for the PV cell efficiency as a function of the cell temperature 

Xradiation multiplier for the PV cell efficiency as a function of the incident radiation 

qfluid
′  heat transfer to the fluid stream per unit length of collector 

qfin
′  heat transfer to the fin base per unit length of collector 

Dtube the diameter of the tubesTBack environment temperature for convective losses from the bottom surface 

RB resistance to heat transfer from the absorber through the back of the collector 

Tfluid,out temperature of the fluid flowing out of the solar collector 

Tfluid,in temperature of the fluid flowing into the solar collector 

κ thermal conductivity of the plate material 
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Ntubes number of identical tubes carrying fluid through the collector 

ṁ flow rate of fluid through the solar collector 

Cp specific heat of the fluid flowing through the PV/T collector 

θ angle of incidence 

L the length of the collector along the flow direction 

Qu  rate at which energy is added to the flow stream by the collector 

Area area (top) of the solar collector; this can be either gross area or net area but should be 

consistent with the provided loss coefficients and PV power conversion coefficients. 

FR collector heat removal factor 

Power rate at which electrical energy is produced by the PV cells 

Qloss,top,conv rate at which energy is lost to the ambient through convection off the top of the 

collector 

Qloss,top,rad rate at which energy is lost to the sky through radiation off the top of the collector 

Qloss,back rate at which energy is lost to the ambient through the back of the collector 

Qabsorbed net rate at which energy is absorbed by the collector plate (does not include PV power 

production) 

Mathematical discriptions: 

The energy balance on the collector surface through the TRNSYS 16 shows the following relationship: 

0 = S − houter(TPV − Tamb) − hrad(TPV − Tsky) −
(TPV − Tabs)

RT
 

 

Where: 

 

RT = R1 
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hrad = εσ(TPV + Tsky)(TPV
2 + Tsky

2 ) 

S is the net absorbed solar radiation and accounts for the absorbed solar radiation minus the PV power 
production. In order to get the transmittance absorptance at other incident angels, the transmittance 
absorptance product at normal incidence is multiplied by the incidence angle modifier (IAM). So the net 
absorbed solar radiation, can be determined as: 
 

S = (τα)nIAM GT(1 − ηPV) 

The efficiency of the PV cells is a function of the incident solar radiation and the cell temperature: 

ηPV = ηnominalXCelltempXradiation 

Where: 

XCelltemp = 1 + EffT(TPV − Tref) 

Xradiation = 1 + EffG(GT − Gref) 

 

Heat transfer to the fluid stream per unit length of collector can be determined from the following equation: 

qfluid
′ = Dtube (

TPV − TB

RT
) − Dtube (

TB − TBack

RB
) + 2qfin

′  

The fluid outlet temperature can be obtained by taking into consideration an energy balance taken around a 

differential section of fluid moving through the collector. 

Tfluid,out = (Tfluid,in +
ε

κ
) exp (

Ntubes

ṁCp

κ

θ
L) −

ε

κ
 

The collector useful energy gain can now be calculated: 

Qu = ṁCp(Tfluid,out − Tfluid,in) 

Finally, with the collector overall loss coefficient calculated, the collector heat removal factor can be 
calculated: 

Qu = Area FR (S − UL(Tfluid,in − Tamb)) 

The PV power can be calculated as: 

Power = (τα)nIAM GT Area ηPV 
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The remaining relevant heat transfers for the collector are then calculated as: 

Qloss,top,conv = houter Area(T̅PV − Tamb) 

Qloss,top,rad = hrad Area(T̅PV − Tsky) 

Qloss,back = Area 
(T̅abs − Tback)

RB
 

QPV→plate = Area 
(T̅PV − T̅ABS)

RT
 

Qabsorbed = A(τα)n IAM GT (1 −  ηPV) 

An energy balance on the collector surface is then: 

Qabsorbed = Qloss,top,conv + Qloss,top,rad + QPV→plate 

An energy balance on the entire collector can be written: 

Qabsorbed = Qloss,top,conv + Qloss,top,rad + Qu + Qloss,back 
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Abstract  

 

The use of an attached sunspace is one of the most popular passive solar heating techniques. Even 

in northern climates, overheating could be problematic and there is a considerable cooling demand. 

Shading is one of the most efficient and cost effective strategies to avoid overheating due to the high 

irradiation especially in the summer. Therefore the solar blind has been considered here for the 

shielding purpose in order to reduce the cooling demand. By considering the combined photovoltaic 

thermal panels (PV/T) as the Solar blind, the blocked solar energy will be collected and stored for 

covering part of the heating demand and the domestic hot water supplies of the adjacent building.  

From a modeling point of view, the sunspace can be considered as a small-scale closed greenhouse. In 

the closed greenhouse concept, available excess heat is indeed utilized in order to supply the heating 

demand of the greenhouse itself as well as neighboring buildings. 

A residential building assumed to be located in Stockholm with an attached sunspace with length, 

width and height of 3.5, 12 and 3 meters respectively has been simulated using TRNSYS software. 

Simulations have been run for the Solar blind concept integrated with a short-term thermal energy 

storage system during a year to investigate the influence of the sunspace equipped with a PV/T Solar 

blind on the thermal behavior of the adjacent building. 

The simulated results show that the Solar blind can be an appropriate and effective solution for 

avoiding overheating problems in sunspace and simultaneously produce and store significant amount 

of thermal energy and electricity power. 

 

 
Keywords: renewable energy resources, attached sunspace, solar systems, thermal energy storage, Solar blind 

 

Nonmenclature 

 

Abbreviation 

AHU      Air Handling Unit 
IEA        International Energy Agency 
PV/T Combined Photovoltaic Solar Thermal Panels 
SB         Solar blind 
SSB       Sunspace with Solar blind 
TES       Thermal Energy Storage 
 
 
 

1. INTRODUCTION 

The ever decreasing fossil fuel resources forced humankind to find alternative energy sources to 

replace the dependence on fossil fuels [1]. Solar energy utilization for clean energy provision is one of 
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the promising alternatives. Different passive and active systems are available nowadays for solar 

energy utilization in buildings [2]. Passive solar system is one of the popular methods in harnessing 

solar energy throughout history which, based on building elements, collects, stores and distributes 

solar energy [3]. 

A sunspace is one of the most common passive solar systems that can provide both an additional 

space, with good and pleasant appearance, and also a solar energy collecting system in terms of 

reduction in energy demand for adjacent spaces [4]. 

Several studies have been performed on the thermal analysis, the economic performance and the 

heating/cooling potential of an attached sunspace in different climates and locations [5][6]. These 

studies showed that sunspace can be an effective and appropriate system even in cold climates [7] [8]. 

The sunspace is a glasshouse that is totally covered by single or double glazing except the wall which 

is adjacent to the main building. Therefore the sunspace can be considered as a small closed 

greenhouse also. In the closed greenhouse concept, there is not any ventilation window for providing 

the natural cooling. Therefore the excess heat due to the overheating in the daytime or during the hot 

season is stored using a thermal storage system (daily or seasonally) and it will be utilized later in order 

to cover the heating demand in the night time or in the cold season (Vadiee, o.a., 2012). The sunspace 

is similar to the closed greenhouse where it reduces the heating demand of the building, however 

during the hot seasons, overheating poses a challenge [10]. Different strategies are available to 

overcome the overheating. Using curtains and shading systems during daytime is an economical, 

aesthetical and easy way which can partially or completely limit the solar energy radiation [11]. Using 

ventilation systems inside the sunspace is another way to remove the excess heat inside the sunspace 

[11]. Plantation inside the sunspace can also be considered as an alternative method to moderate the 

temperature of the sunspace due to the plants’ evapotranspiration (Bataineh, o.a., 2011; Vadiee, o.a., 

2012). However, this rejected solar irradiation and reduces the amount of heat that can be captured, 

stored and distributed in the adjacent space or in the sunspace.  

This paper presents an innovative active shading system, named as “Solar blind” (SB), which consists 

of specially designed combined photovoltaic solar thermal panels (PV/T), working as external shades, 

integrated with a short-term thermal storage system (TES) to not only prevent the overheating 

problem but also to store energy and to produce power for future use.  

Finally, the thermal energy analysis of the building with attached sunspace using SB is presented for 

three different periods during a year.  

2. SYSTEM MODELING AND CONFIGURATIONS  

In order to assess the effect of a SB integrated sunspace (SSB) on the thermal performance of a 

building, several simulations have been performed using the TRNSYS simulation tool which is a 

transient system simulation software with a modular structure (16.0, 2006). A model has been 

developed for the SSB attached to the south side of a single zone residential building with five 

occupants that is located in Stockholm. The location altitude is 42 m and the annual average 

temperature is 5.75℃. Three main parts of the system, building, sunspace and SB, were first simulated 

individually and later combined to form an integrated model. The Meteonorm database was used for 

the climatic parameters in this model. 

2.1 The building modeling and configuration 

In this study a residential building has been considered with the length, width and height of 10, 12 

and 3 meters respectively and 5 occupants.  In order to decrease the level of complexity, the building 
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is considered as a single thermal zone. The structure of the building has been assumed to be new with 

small amount of leakage (0.5 1/h). A mechanical ventilation system with cooling and heating set point 

temperatures of 25 °C and 22 °C has also been considered to keep the indoor temperature in the 

comfort zone (2009). The natural ventilation, which is the flow of outdoor air due to wind and thermal 

pressure through intentional openings in the building’s shell, has been assumed to be 0.5 1/h (2009). 

Table 1 shows the details and the configurations which have been assumed in the building simulation. 

 

 

Location Stockholm 

Volume 360 [m3] (10*12*3m) 

Windows area 18 [m2] 

Infiltration 0.5 [1/h] 

Ventilation rate 1.5 [1/h] 

Humidity of supply air 50 [%] 

Supply temperature 20 [°C] 

Natural ventilation 0.5 [1/h] 

Heating set temperature 22 [°C] 

Cooling set temperature 25 [°C] 

Occupant 5 

Table 10 the residential building model characteristics (2009) 

2.2 The attached sunspace modeling and configuration 

The proposed sunspace is attached to the south side of the building since the maximum reduction 

of heating load in the adjacent building is obtained when the sunspace is oriented to the south in 

northern hemisphere [11]. Also, using a double glazed window rather than a single glass will improve 

the thermal performance of the sunspace therefore all the sunspace wall materials are assumed to be 

double glazed glass with U-value of 1.4 W/m2K [15]. The sunspace has a roof angle of 30° to the horizon 

which has been chosen close to the optimal collector slope value in Sweden [16]. These values have 

been taken as initial design parameters; however a sensitivity analysis is needed in order to find the 

most optimal design condition for this concept. 

Other inputs are: values of direct and diffuse radiation, solar azimuth and zenith angles, incidence 

angle of beam radiation for each glazed surface, sky and exterior air temperature, air flow from the 

outside and air temperature of the adjacent room. Air temperatures in the sunspace and heat flux to 

the adjacent room are the main outputs.  

The primary energy flows of the sunspace are shown in Figure 1. It can be seen that heat is 

transferred between the sunspace and the surroundings. If the sunspace is defined as a control 

volume, then heat transfer occurs between the sunspace and the ground, the building and the ambient 

air. Here, the incident solar radiation is considering as the major gain. The radiation and transpiration 

from plants has also been considered as the internal heat source. The leaf area index (LAI = leaf area / ground 

area, m2 / m2) inside the sunspace assumed to be 3 that is a mean value for the LAI in greenhouses (Vadiee, 
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o.a., 2012). Table 2 presents a summary of the sunspace characteristics that have been used in the 

model. 

  

Height 3 [m] 

Depth 3.5 [m] 

Width 12 [m] 

Roof angle 30˚ 

Front wall angle 60˚ 

Leaf Area Index (LAI) 3 

Glass wall U-Value 1.4 [W/m2K] 

Table 11 The sunspace model characteristics 

 

Figure 12 Heat transfer model in the sunspace concept 

2.3 The Solar blind modeling and Configuration 

The SB is defined in this paper as a series of PV/T collectors that are able to rotate around their axis 

to work like a conventional greenhouse curtains. Three series of six solar collectors with dimensions of 

1m×2m have been modeled to cover the sunspace roof surface. In order to prevent the freezing 

problem in winter, the working fluid inside the solar panels was assumed to be water and glycol 

solution (cp=3.85 kJ/kg.K). Figure 2 illustrates the schematic profile view of the SB in open and close 

positions.  

The operating period of the SB has been assumed to be from the 15th of April till the 15th of October. 

This period has been chosen after taking into consideration both the sunspace and SB system’s thermal 

performance during a year.   

A TES system is necessary in the SB system to store the energy gained from the solar collectors. The thermal 
storage tank was assumed to be a temperature stratified water storage tank, with the volume of 1 m3. Table 3 
presents the SB characteristics that are used in the model. 
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Figure 13 Schematic profile view of Solar blind 

Length 2 [m] 

Width  1 [m] 

Number of panels 18 

Number of series 3 

fluid specific heat 
3.85 

[kJ/kg.K] 

Collector slope angle 30˚ 

Storage tank Volume 1 [m3] 

Maximum Fluid flow rate 

inside collectors 
100 [kg/hr] 

Table 12 The Solar blind model characteristics 

 

Finally all three models have been combined together in order to form an integrated system. Figure 

3 shows a schematic isometric view of the SSB attached to the residential building. 

 

 

Figure 14 Isometric view of the building with SSB 
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3. RESULTS AND DISCUSSIONS 

A feasibility study on the SSB concept has been performed using TRNSYS. The thermal performance 

of the whole system including the building, sunspace and the SB system has been assessed during one 

year; here the shown results are divided into three 48 hours periods of time:  

1) Cold period (hours of the year: 1031 to 1080) which includes the coldest hours of the year with 

minimum ambient temperature of -19˚C.  

2) Moderate period (hours of the year: 2976 to 3024) with average temperature of 10˚C.  

3) Hot period (hours of the year: 4848 to 4896) which includes hottest hours of the year with maximum 

ambient temperature of 27˚C. 

 

3.1 The thermal performance of the building with the SSB 

The sunspace acts similarly to a small closed greenhouse, therefore the shortwave radiation passes 

through the sunspace while the long-wave radiation cannot escape through the glazing and the inside 

temperature will increase due to the cumulative heat. On the other hand, the sunspace loses heat 

rapidly and it does not have heating effect in cloudy days or at nights. Figure 4 illustrates the hourly 

changes of the building indoor temperature and the attached sunspace temperature with and without 

the SB as a shading device during the studied periods.  

During cold period, there is no need for shading and the temperature inside the sunspace reaches 

near 40 ̊ C during daytime, however at nights, the sunspace temperature drops below the temperature 

of the adjacent building. 

The temperature difference between sunspace and the building is increased when the ambient 

temperature increases gradually, and it reaches to its peak in the hottest period that leads to a higher 

cooling load in summer (Figure 5). 

As it can be seen, the overheating occurs during the moderate and the hot periods and the 

temperature inside the sunspace increases dramatically. However, shading the sunspace roof with SB 

system has a significant contribution to reducing the temperature inside the sunspace. 

Figure 5 shows the hourly heating and cooling load of the building alone, with the sunspace and with 

SSB during all three studied periods. The results show that during the cold and the moderate periods, 

the attached sunspace transfers an auxiliary heat through the building walls and decreases the heating 

load. However an unwanted heat transfer from sunspace to the building occurs during daytime in 

moderate periods that causes a resulting increase of the cooling demand which can be mitigated by 

Figure 15 Indoor temperatures of the building and sunspace with and without the SB system during 
observation periods  

Figure 16 Thermal loads of the building alone, with sunspace and with SSB during observation periods 

            Temperature [˚C] 
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using SB system. During the hot period, even with the assistance of the SB system, the overheating 

problem still occurs. The excess energy of the sunspace can be removed by utilizing an air handling 

unit (AHU) to replace the hot air inside with cold and fresh air. 

A parallel study has been done to estimate the excess heat generated inside the sunspace during the 

hot season and the amount of heating load of the sunspace in the cold period. An air handling unit 

system integrated with SSB has been modeled to keep the inside temperature of the sunspace below 

25˚C to provide a suitable environment for living and agriculture together with improving the thermal 

performance of the SSB in hot season. Table 4 presents the required amount of heating and cooling of 

the SSB during a year. The simulation results show that the excess heat from the sunspace in hot period 

is big enough to cover the heating demand of its own and also to provide auxiliary heating for the 

adjacent building during the cold season. This can be done with assistance of a seasonal TES. 

Required Heating of SSB [MWh]  0.12 

Required Cooling of SSB [MWh] 1.7 

Table 13 Heating and cooling demand of SSB in a year 

The cooling and heating loads of the building, with and without considering the attached SSB during 

one year have been presented in Table 5. As shown, the heating demand is decreased by almost 10% 

with assistance of the SSB; however, even with shading the sunspace roof, the cooling demand will 

increase dramatically due to the overheating problem in summer. 

  Cooling load [kWh] Heating load [MWh] 

Building alone  913 20.6 

Building with SSB  1986 18.6 

Building with SSB and AHU 914 18.6 

Table 14 The building cooling and heating loads with and without SSB during one year 

 

 

3.2 The potential of the SSB with short-term TES 

The feasibility of the SB and its useful energy gain as well as power production has been assessed. 

Figure 6 presents the water outlet temperature of the SB collectors to the storage tank and the 

temperature outlet from TES to the load for the moderate and the hot periods.  
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During both the moderate and the hot periods, the water reaches a high temperature through the 

SB collectors. The hot water charges the TES system and is used for daily heating and domestic hot 

water supply. However in hot period, there is no indoor heating demand. Nonetheless, this excess heat 

can be stored in TES for utilization in winter. 

 

Figure 17 The outlet temperature of the SB and the short-term storage system 

Table 6 shows the amounts of total power production by the SB and the amount of energy that can 

be transferred to the load by the TES during The studied periods. Over a year, the SSB can capture and 

distribute 4.6 MWh of heat through the TES to the building. This amount covers almost 25% of the 

annual heating demand of this adjacent building. SB can also provide 3.2 MWh electricity per year, this 

covers approximately 15% of a residential house in Stockholm with 5 occupants [17]. This is a 

substantial amount which can be applied for short and long term domestic usage with integration of 

suitable electric storage systems. 

Total heat energy to load [MWh] 4.62 

Total electricity production [MWh] 3.16 

Table 15 Amounts of total annual energy gain, energy transfer to load and power production by SSB 

4. CONCLUDING REMARKS 

A new shading concept, the SB, has been defined in this paper, which uses PV/T collectors as shades. 

This system can then be used to overcome the summer over heating caused by attached sunspace and 

it also generate extra thermal energy and electricity power. The energy potential of a sunspace 

integrated with the SB connected to a residential building in Stockholm has been investigated. The 

influence of SB concept on the thermal performance of an attached sunspace has been studied based 

on the system model simulation using TRNSYS software. The simulation has been performed for one 

year period.  

Simulation results obtained by employing the attached sunspace showed that this solar passive 

system can improve thermal performance of the adjacent building by reducing the annual auxiliary 

heating demand during cold and moderate periods of the year. However, even in cold regions like 

Sweden, the overheating problem will occur in summer, therefor employing shading and ventilation is 

necessary during this period. By utilizing a SB as the shading together with an AHU integrated with a 
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TES, a significant amount of thermal energy and electricity power can be produced and stored 

throughout the year 

The thermal energy generated by SSB can be stored in short-term TES and used for tap water 

consumption; however this amount of energy has the potential to meet approximately one quarter of 

the attached residential building annual heating demand in combination with long term TES. In further 

continuing study of this concept, the type and the size of the long-term TES should be optimized in 

order to achieve the highest available efficiency of the system. 

More studies are needed to be done in optimizing the SB design and configuration details to achieve 

an economically efficient system. Due to the results, the best performance of the sunspace happens 

during moderate times of the year, accordingly it can be concluded that the SSB concept may have 

better performance in moderate climate condition like south European countries, this needs however 

to be investigated in future studies.  
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