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• The study about the Building 12. In Al-Thawra street in 
Damascus. 

• The Architectural - Structural – Mechanical and Electrical 
studies were designed in Subh engineering consulting office (a 
national establishment with local staff.  

• We designed the building according to the advanced 
technologies in the world. 

 

D.Moaiad Subh 
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1. General Description 

The Tower-12 is a Modern Concept building located in Althawra Street – Damascus - Syria 
which consists of three under-floor parking levels, stores levels, thirteen typical floors (Offices) and 
the last two floors contains different services. 

 

2. The Project Scope 

 providing a large service area for offices and shops. 

 Reduce the cost of the building's energy consumption to a minimum limit by applying several 
modern sustainable energy strategies. 

3. Concept idea 

3.1. Termites nest at equator regions  

 

Macrotermitine Construction Method 
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Macrotermitine termites construct mounds that maintain a constant internal temperature 
due to their structure and interaction with the local environment, rather than use of expensive, 
external energy sources. Several factors allow mounds to stay 30.5 °C inside the optimum 
temperature for the fungi these termites cultivate-while the temperature ranges from 1.6° - 40° C 
outside. For instance, the mounds' thermal mass has sufficient heat capacity to buffer the internal 
environment from heat gain during the day with cold accumulated over the night; narrowing shafts 
rising through the mound channel and accelerate the release of warm internal air out vents at the 
mounds’ top; and openings at the base of the mound allow cooler, denser air to flow in replacing 
warmer air as it rises.  

These mounds are devices for capturing wind energy to power active ventilation of the nest. 
They are adaptive structures, continually molded by the termites to maintain the nest atmosphere. 

"Heat generated by the termites and their gardens in the core of the nest flows into the 
collecting pipes and rises in the chimneys at a rate of about five inches per minute. As this humid 
CO2-rich air flows up the chimneys it draws cooler air in through the cellar area under the nest, 
where it begins to flow up into the various chambers…The buttresses are riddled with tiny holes too 
small even for the termites but large enough for the warm stale air to diffuse out while cooler fresh 
air percolates in." (Gould and Gould 2007:139) 

 

Macrotermitine Construction Parts 
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3.2. The Incredible Termite Mound 

While some termites live in the wood of our homes, others build their own houses, some of 
the most impressive structures in the animal world. Their mounds are forever-evolving cities, made 
from the simplest materials. Working independently, without any coordinator or blueprint to 
reference, they construct temperature-controlled environments that include elaborate ventilation 
and cooling systems, and specialized chambers that store food, contain fungal gardens, hold eggs, 
and house the egg-producing queen. As a colony, they are able to create worlds that far exceed 
their individual capabilities. 

 
Section in Macrotermitine 

1. The mound is constructed out of a mixture of soil, termite saliva and dung. Although the 
mound appears solid, the structure is incredibly porous. Its walls are filled with tiny holes 
that allow outside air to enter and permeate the entire structure. 
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2. The top of the mound consists of a central chimney surrounded by an intricate network of 
tunnels and passages. Air travels through the porous walls into a series of small tunnels until 
it reaches the central chimney and rises up. When fresh air mixes with this warm air, the air 
cools and sinks down into the nest. This ventilation system constantly circulates the air and 
ensures that oxygen reaches the lower areas of the mound and keeps the nest from 
overheating. 

3. Termites do not live throughout the mound but spend most of their time in a nest located at 
or below ground level. It’s comprised of numerous galleries separated by thin walls. 
Workers are constantly repairing areas that require maintenance and adding new tunnels 
and corridors to the nest. 

4. A city of termites requires a lot of food, and the mound has many storage chambers for 
wood, the insect’s primary food source. Termites also cultivate fungal gardens, located 
inside the main nest area. Termites eat this fungus which helps them extract nutrients from 
the wood they consume. Maintaining the fungal gardens takes precise temperature control, 
and the remarkable architecture of the mound keeps the temperature almost constant. 

5. The queen and king reside in the royal chamber. The queen’s sole purpose is to produce 
new termites to help build and protect the nest. Incredibly, the queen can produce 
thousands of eggs a day and live for up to 45 years, during which time she will grow to the 
point where she is unable to move. Workers carry her eggs to a special nursery where they 
are fed on compost until they turn into adults. 

6. At the base of the mound are several openings that the termites use to enter and exit the 
nest. Termites make forays out to collect food at night, when temperatures are cooler.  

7. Six feet below ground level is the cellar. It’s the coolest part of the structure. Its ceiling is 
comprised of a series of thin plates that absorb moisture from the colony above and provide 
another ingenious cooling mechanism. As the moisture evaporates, the temperature falls, 
cooling the air around the nest. 
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Macro termite Strategy 

4. Project Concept 

The idea of building based on several keys elements which must exist to work the system 
naturally; these elements were shown at the next sketch 

These elements are essential to simulate nests of termites, we get the same result 

"Maintain a cool temperature inside the building regardless of the temperature of the outside air" 

These elements are: 

1. Double Skin façade 

2. Atrium 

3. Sky light 

4. False ceiling 

5. Raised floor 

6. Inside and outside openings 

 

The process of building nests for termites is not a static process, but it is a dynamic ongoing 
process.  In this process, termite closed some openings an open others as needed to cover Changes 
in outer atmosphere. The termites may change the locations of some openings in some cases. 
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This process has been modeled in the building through the distribution of the holes and their 
locations and operations control in the opening and closing. All these cases relate to the outside air 
changes. So we will have many of the cases required control in the building through vents and 
control by openings, also by opening and closing. 

Control also includes turn ON/OFF some mechanical devices which support passive cooling 
and heating system to cover extreme and confusing cases and also cover deviation and differences 
between real termite nests and Tower-12 model. 
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Initial Project Sketch Conception 
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Project 3D Conception 
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4.1. Main Cases of Tower-12: 

The temperature differences, solar radiation variations, relative humidity and wind 
speed diversion through the whole year create the following operation modes: 

1. Summer "Regular” (SR) (Endings of summer and beginnings of summer) 

Operation Mode in the Endings and Beginnings of the summer 

2. Summer “Extreme” (SE) 

Operation Mode in the High Temperatures hours  

3. Summer “Night” (SN) 

Operation Mode in the summer nights 

4. Winter “Regular” (WR) 

Operation Mode in the Endings of autumn and beginnings of winter 

5. Winter “Extreme” (WE) 

Operation Mode in the Low Temperatures hours 

6. Winter “Night” (WN) 

Operation Mode in the winter nights 

7. Mixed mode (MM) 

Operation Mode in both summer and winter seasons 

8. Confusion Cases 

Operation Mode in the Irregular Weather Conditions 
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4.1.1 Summer Regular (SR) 

In this case the office building will breath naturally, the external temperature in this case 
doesn’t pass 38 C° maximum. 

Because of the “STACK EFFECT” phenomenon, the out air will flow from outdoor during 
“DSF”, enter the offices in the building, rise to the sky light “THERMAL ALCOVE” and go out of the 
building by throw the sky light.   

The outdoor temperature will be reduced by 2 main passive strategies, THERMAL MASS and 
NIGHT COOLING. 

 
Summer Regular (SR) 
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4.1.2 Summer Extreme (SE) 

In this case the chiller and the AHU will be turned on. The AHU will pump cooled air in DSF 
and during the internal openings and finally to the Atrium which connected With AHU by return 
ducts. 

 
Summer Extreme 
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4.1.3 Summer Night (SN) 

Night cooling strategy will be applied. The air flow direction will be from outside to inside 
(down to up) .When the air flow direction reversed or the pressure and temperature inside equal 
which outside (senses) .An acceleration fan will be turn on and exhaust the inside air which 
replaced by outside air. This case allowed us to use (thermal mass) strategy in morning during the 
structural and architectural surface. We can also put a special Buildings inside the raised floor gap. 
This Buildings designed specially as a thermal mass Buildings and this thermal masses could be very 
benefit. 

 

Summer Night (SN) 
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4.1.4 Winter Regular (WR) 

We can handle three choices of Natural Ventilation Management in This Case. 

1. We can turn on the AHU only without Chiller (Heat Pump) and give littlie amount of fresh 
air per hour. The air in this cycle will be got worm and worm by heat gain from the DSFs 
and offices heating (thermal batteries). The air quality will be rise by oxygen which comes 
from the Plants in DSFs (photosynthesis).  The room temperature will be controlled by 
temperature sense and thermal Batteries which gain heat during the day and keep the 
heating at night. 

 
Winter Regular (WR) – Choice (1) 

AHU : ON − Chiller : OFF 
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2. There is possibility to put an electric coil at every spirited level and this electric coil turns 
on by several senses located at different points in offices  

 

Winter Regular (WR) – Choice (2) 
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3. We can depend on stack effect only but we should reduce the amount of air which come 
from outside by open the windows partly. We can put in every office oil coil heated by 
electric power in need 
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4.1.5 Winter Extreme (WE) 

 By the AHUs, approbation chiller (Heat pump), DSFs as huge insulation layers for West and 
East orientation and normal insulation layer foe north and south orientation we keep this building 
warm by pushing hot air came from AHU during DSFs. Temperature senses connected to dampers 
on internal opening.   

 
Winter Extreme (WE) 
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4.1.6 Winter Night (WN) 

All systems and dynamic elements will be off, that allow us to keep heating which obtained 
during the day. All structural and architectural surfaces and thermal masses (if founded) work as a 
(Thermal batteries). 

 
Winter Night (WN) 
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4.1.7 Mixed mode (winter and summer) 

In the range between regular and extreme cases we can use mixed mode That’s mean we 
should take little amount of fresh air by DSF openings and mix it by the air which came from  AHU 
and we recommend supply air from AHU by ducts and openings at every three  levels. 

 

Mixed mode (winter and summer) 

  



 

Page 22 / 48  

4.1.8 Confused mode 

In the event of turbulence in the weather, that’s lead to disorders in pressure and air path 
point at several locations in the building (rooms, atrium, DSF … etc.). 

Differential pressure sensors send signals to fans and dampers linked to opening with sky light 
fans will turn on and will exhaust the air from the building that’s because same direction moves for 
the air in the building.  

 

Confused Mode 
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5. Natural Ventilation 

The main methods used in Natural Ventilation depend on the four following strategies: 

1. Thermal Comfort 

2. DSF (Double skin façade) 

3. Atrium “Solar Chimney – Stack Effect” 

4. Sky light 

5. Openings (DSF – Floor – Ceiling – Atrium) 

All these strategies are just to apply the principle of the Thermal Comfort to the human being 
within the minimum power consumption in general. 

5.1. Thermal Comfort 

As we spend more and more time indoors, a comfortable interior climate has become 
increasingly important. It is no longer enough just to have basic protection against cold or heat; 
families today expect a constant, comfortable living environment and fresh air all year round. This, 
in turn, makes stringent quality demands on the quality of design and construction of a building. As 
well as having adequate thermal insulation, the building shell must be airtight to prevent the 
uncontrolled flow of air in and out of the building. Leaky cracks and joints will invariably cause 
uncomfortable draughts. 

Even a difference in temperature between the air in the room and the surrounding floor, wall, 
ceiling and window surfaces can give rise to draughts and unwanted air flow – the smaller this 
temperature differential, the greater the perception of comfort and well-being in the room. 

The body temperature of a healthy human being is approximately 37 °C. A person’s individual 
perception of comfort depends on room temperature, the activity they are undertaking and their 
clothing. An air temperature of approx. 22°C is generally perceived as “comfortable” in sedentary 
living areas, whereas with physical exercise, air temperatures of between 16-19°C can be perceived 
as “comfortable”. 

Many factors affect our perception of living comfort, the most important being: 

o Air temperature and the relative humidity in the room 

o Surface temperature of the various surrounding external building components (floor, 
walls, and ceiling) 

o Air movement and velocity in the room 

o Difference between indoor and outdoor temperatures 
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Thermal comfort related to room temperature 
and surface temperature of the surrounding 
building components (floors, walls, windows, 

ceilings). 

 Living comfort related to air flow velocity and 
air temperature. 

5.2. Double Skin Façade 

The general concept of the double skin façade has the following components:  

• Exterior Glazing: Usually it is a hardened single glazing. This exterior Façade can be fully 
glazed. 

• Interior glazing: Insulating double glazing unit (clear, low E coating, solar control glazing, 
etc. can be used). Almost always this layer is not completely glazed. 

• The air cavity between the two panes. It can be totally natural, fan supported or 
mechanically ventilated. The width of the cavity can vary as a function of the applied 
concept between 200 mm to more than 2m. This width influence the way that the façade 
is maintained. 

• The interior window can be opened by the user. This may allow natural ventilation of the 
offices automatically controlled solar shading is integrated inside the air cavity as a 
function of the façade concept and of the glazing type, heating radiators can be installed 
next to the façade. 

• Automatically controlled solar shading is integrated inside the air cavity. 

• As a function of the façade concept and of the glazing type, heating radiators can be 
installed next to the façade. 

All previous strategies can be used or not in our concept. 



 

Page 25 / 48  

5.2.1 Construction 

For the internal skin (façade): Usually, it consists of a thermal insulating double pane. The 
panes are usually toughened or unhardened float glass. The gaps between the panes are filled with 
air. 

For the external skin (façade): Usually it is a toughened (tempered) single pane. 

The double Glass Skins are separated by an air space; this cavity is forming a corridor ranging 
in width from 20 cm to 2 meters. The cavity is connected with the outside air so that the windows 
of the interior façade can be opened, even in the case of tall buildings subject to wind pressures. 
This enables natural ventilation and night time cooling of the building “thermal mass”. In winter the 
cavity forms a thermal buffer zone which reduces heat losses and enables passive thermal gain 
from solar radiation. 

The cavity between the two skins may be either naturally or mechanically ventilated. In cool 
climates the solar gain within the cavity may be circulated to the occupied space to offset heating 
requirements, while in hot climates the cavity may be vented out of the building to mitigate solar 
gain and decrease the cooling load. In each case the assumption is that a higher isolative value may 
be achieved by using this glazing configuration over a conventional glazing configuration. Recent 
studies showed that the energy performance of a building connected to a double-skin facade can 
be improved both in the cold and the warm season by optimizing the ventilation strategy of the 
facade. 

All types of double-skin facade offer protected place within the air gap to mount shading and 
daylight enhancing devices such as venetian blinds and louvers. Sheltered from wind, rain and 
snow, these shading devices are less expensive than systems mounted on the exterior. 

When solar radiation is high, the façade cavity has to be well ventilated, to prevent 
overheating. The key criteria here are the width of the cavity and the size of the ventilation 
openings in the outer skin. The air change between the environment and the cavity is dependent on 
the wind pressure conditions on the building’s skin, the stack effect and the discharge coefficient of 
the openings. These vents can either be left open all the time (passive systems), or opened by hand 
or by machine (active system). Active systems are very complicated and there for expensive inters 
of construction and maintenance. 

Further criteria in designing a double-skin façade are regulations concerning fire and noise 
protection. Using these factors as a basis, various solutions have been developed for double-skin 
façades.” 

5.2.2 Advantages of the Double Skin Facade Concept 

• Improvement of the environmental profile of the building 

• Indoor climate 

o Thermal comfort 

 Possibility to use solar control all year 
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 Avoidance of overheating the offices 

 Acceptable internal surface temperatures during the winter and 
summer 

o Visual comfort 

 Possibility to use solar control all-the-year-round 

 Improved visual comfort (such as avoiding glare) 

o Acoustic comfort 

 Improved acoustical performance of the envelope 

o Ventilation 

 Use of natural instead of mechanical ventilation when possible, 
using the Double Skin Façade cavity 

• Energy Use 

o Reduction of heating demand during winter 

o Reduction of cooling demand during summer 

o Reduction of peak heating/cooling loads 

o Use of natural daylight instead of artificial as much as possible 

• Other 

o Lower construction cost 
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5.2.3 Operation 

DURING THE WINTER the external additional skin provides improved insulation by increasing 
the external heat transfer resistance. Although the equivalent thermal transmission coefficient 
(Ueq) for a permanently ventilated façade will be poorer in part than with a single skin façade, the 
results will improve if the intermediate space (cavity) is closed (partially or completely) during the 
heating period.  

The reduced speed of the air flow and the increased temperature of the air inside the cavity 
lower the heat transfer rate on the surface of the glass which leads to reduction of heat losses. This 
has the effect of maintaining higher temperatures on the inside part of the interior pane. 
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DURING THE SUMMER the warm air inside the cavity can be extracted when it is ventilated 
(naturally or mechanically).  As Lee et al., (2002) describe, “as radiation from absorbed radiation is 
emitted into the intermediate cavity, a natural stack effect results, which causes the air to rise, 
taking with it additional heat”. For proper ventilation of the cavity it is really important to select 
carefully the combination of the type of the panes and the type of the shading devices so as not to 
overheat the cavity and thus the interior space.  

The geometry of the cavity can be really critical since the width and height of the cavity and 
the size of the openings can be crucial for the intermediate temperatures and for the airflow (if the 
cavity is naturally ventilated). Another important parameter that should be considered is the 
positioning of the shading devices. 
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5.3. Atrium “Solar Chimney with Stack Effect” 

In general we have designed the atrium to take the air from all offices across false ceiling and 
by the negative-pressure in the atrium the atrium absorb air which located in the office and who 
will compensate from the air in DSF And therefore the atrium will pass the air flow to above 

Atrium design often involves skylights and generous glazing areas that provide an infusion of 
natural light which make them a prominent building areas well suited to serve ceremonial and 
social functions. 

We rely in movement of air on two main strategies: 

1. Stack effect 

Driven by:  

a. Temperature difference  
b. Height of column of air 
c. Gravity  

2. Solar Chimney 

 
Atrium Principle of Tower-12Tower  
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5.3.1 Stack effect 

The stack effect is this buoyancy phenomenon. Sherman (1991) showed that any single-zone 
building can be treated as an equivalent box from the point of view of stack effect, if its leaks follow 
the power law as described in the section on Residential Air Leakage. The building is then 
characterized by an effective stack height and neutral pressure level (NPL) or leakage distribution, 
as described in the section on Neutral Pressure Level. Once calculated, these parameters can be 
used in physical, single-zone models to estimate infiltration. 

Stack effect results from the difference in air temperature between indoor and outdoor air 
during the heating season. Warm air, being lighter than cold air, rises in a building, creating suction 
at the base and exerting an outward pressure at the top. The higher the building, the greater the 
pressure difference across the walls and roof. The suction is greatest at the base, decreasing as the 
building rises to a neutral pressure plane somewhere between the ground floor and the roof. 
Above the neutral pressure plane the pressure becomes positive (active outwards) and increases 
with height, reaching its highest value at the roof. The quantity of air entering the building below 
the neutral pressure plane is equal to the quantity of air leaving the building above that level. 

The Height of the building is necessary to obtain the stack effect principle. 

   

Stack action only with neutral 
pressure level at mid-height 

Wind action only with 
pressures of equal magnitude 

on windward and leeward 

Wind and stack action 
combined 

Distribution of Inside and Outside Pressures over Height of Building 

5.3.2 Solar Chimney 

The phenomenon of the chimney are depend on differences in temperature and pressure 
between the various points of the building which caused by the buildings height and that Cause a 
change in the movement of air from top to bottom and vice versa . But in this case, a “neutral level” 
will be exist in the building where the pressure points are equal between the inside and outside 
causing stillness in the air movement and reflection point for the airflow adverse Steering . As a 
result, an irregular air movement will occur between the two parts of the upper and lower building 
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To overcome this turbulence in the air movement , Neutral level should be lifted above the 
mass of the building and we want to move (zero pressure different points) to door above the 
building Through the Thermal alcove (solar heating chamber) cause differences in pressure and 
Absorbs air from atrium to outside. 

   

 Neutral Plane in Tower-12Tower  

5.4. Sky light  

The main strategy used in the building is using heating alcove that takes amount of Air after 
absorbing solar energy which passes the heat to the air exist in the atrium and dome. 

This operation cause a high temperature and low density in air parameters  leading negative 
pressure which pulls air in the atrium ,then from the offices, from Double Skin façade then from 
outside building. 

This process replaces the polluted air with fresh, fully oxygen air and that called:  

"BREATHE BUILDING" 

This dome has openings for pass out the air by natural ventilation, openings connected with 
fans for unsteady weather state and have openings connected with AHU to cover extreme cases. 

Materials were selected for the dome have many thermal features such as high thermal 
conductivity and low thermal expansion in addition to these features, the surface of the dome have 
a large region of Transparent materials which pass solar radiation and sun light for natural lighting 
in the atrium. 

We can add reflectors (mirrors) to pass the light to the lower floors by the movement of the 
sun during the day and during the year. 

Because of the architectural design of the dome we could receive the greatest amount of 
solar radiation throughout the year, especially in summer. 
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Note: 

The process of the stack effect due to differences in temperature and pressure between the 
highest atrium and below levels will move the air in the summer of the atrium slot located upper 
the offices so the offices below, and vice versa in winter. 

The slope or tilt of the skylight affects solar heat gain. A low slope will admit relatively more 
solar heat in the summer and less in the winter, exactly the opposite of what is desirable. 

As a general rule of thumb, you want to achieve a slope equal to your geographical latitude 
plus 5 to 15 degrees. And for Damascus, the optimum slope for a south-facing skylight, at 33.514º 
north latitude, is 30º to 45º. 

5.5. Openings 

In the same way that the termites control area, number, and places of openings many of 
openings were designed in Tower-12 which allow specific amount of air to pass through them, 
Openings have been designed based on the required daily control and conquest time to control the 
flow ad movement of air throw the building, and to control Instability of air movement  

5.5.1 External Double Skin Façade Openings 

Openings that have been designed on the western and eastern façades were chosen their 
numbers and locations depending on the quantity and quality of air required in the building and on 
rooms function. 

 These openings are located in the two main façades , have same type of façade glass (low E), 
they are able to open in three steps 15° , 30° , 45° according to weather and building data, allowing 
more or less air to cross flow through the building for ventilation. 

Each row of these windows are connected to control system with various sensors including 
wind speed velocity, outside temperature, inside temperature, air flow, internal and external 
humidity sensor, CO2 sensor and shading light sensor. 

 
Range of Opening Range for Exterior Façade 
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5.5.2 Internal Double Skin Façade Openings 

The openings located at the internal façade. 

They are eight rectangular openings located above floor slab and below the raised floor level. 
They have dimensions: 30 cm x 150 cm  

Each floor has eight openings of this type. These openings are equipped with retina filters and 
dampers. Dampers works for stop passing air flow when a specific floor is unoccupied. 

 

 
Sketch detail for Internal Façade Openings 
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5.5.3 40BFloor Openings 

These circular openings of 25cm diameter exist in the raised floor tiles. There are about 150 
openings in each floor. Each 10m2 should have at least four openings distributed so that air flows 
easily with minimum resistance throughout the raised floor openings. 

There are two kinds of openings: 

• Efficient type: allows air to flow through. 

• Inefficient type: for decorative purposes. 

These two types can be reallocated to fit the furnishing requirements. 

 

 

Raised Floor Openings 
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Third Opening Detail 

5.5.4 41BCeiling Openings 

These work as suction diffusers. They exist in the false ceiling of each typical floor. There are 
about 32 openings per floor. These diffusers are made of Aluminum and have large blades to allow 
air to pass from offices through them to the air gap. 

The same installation technique as the raised floor is used in order to create a large air cavity 
through the whole area of the ceiling. 

Notice: It's recommended that the false ceiling and raised floor be tight as much as possible. 

Leakage may release insufficient system and bad air distribution.  
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5.5.5 Atrium Wall Openings 

These openings should be exist in cross between the false ceiling and the atrium walls, they 
have a special dimension which allow a specific amount of air to pass throw them.   

There are 4 openings of this type in each floor, their location should be above false ceiling, 
and their dimensions are 300 cm x 50 cm. 

The false ceiling must exist not only at offices rooms but also in corridor and should reach to 
the atrium. 

 

 
Section in Atrium Wall 

5.5.6 Skylight Openings 

They are several types of openings and all of them are in the skylight wall at the roof level. 

1. Skylight openings which connect with return ducts for AHUs.  

There are four openings and each one has dimension: 100 cm x 120 cm. 

These openings have flow dampers (ON / OFF) connect with the return ducts to AHUs. 
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When a mechanical system is ON, these dampers will open automatically and AHUs will 
absorb the air from the atrium through the ducts. 

When we depend on natural ventilation and passive cooling, these dampers will closed 
automatically and the mechanical system will turn off automatically. 

2. Openings for natural ventilation and passive cooling, these openings are above of last 
type of openings and also have dampers with total area 2.5 m2 divided on several 
openings. 

Openings should be open when the natural system is ON and should be closed when the 
mechanical system is on. 

3. Confusing cases openings: 

These openings are connecting with dampers and ducts routing to the fans. 

There are two openings; each of those has an area of 1m2. 

The fans will turn ON when there is confusion in the weather which leads to turbulence in 
natural air flow and it will works in some cases at night to support night cooling. 

6. Control System 

6.1. Strategies 

Natural ventilation solutions guide fresh air around buildings through the intelligent use of 
natural forces to maintain temperature, humidity levels and comfort. 

A most effective strategy is the use of night time cooling. This relies on external night time 
temperatures being lower than internal temperatures. 

Adaptive natural ventilation systems can introduce cool air at night, cooling both the internal 
fabric and spaces of the building. Daytime occupants benefit from cooler summertime internal 
temperatures, aiding productivity. 

6.2. Operation 

The openings will supplied with 230v actuators, set in tandem, to each top hung, open out 
window in the buildings external facade. This will provide natural ventilation and reduce CO2 build 
up on the floors of offices by networking the vent openers with the owners Building Management 
System (BMS). 

The actuators, fitted with pivot brackets, help maximize the opening dimensions with smaller 
stroke lengths to ensure the project was approach to the specified requirements. 

Chain actuators provide the most cost effective solution for window automation.  They are 
usually surface mounted, but concealed solutions can also be offered. Actuators are available in a 
range of stroke lengths from 100mm-1000mm and with multi point locking abilities in order to 
meet weather and security performance requirements. Whilst chain actuators are predominantly 
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used on vertical applications, stronger products with robust chains are also capable of operating 
sloping vents. 

 

6.3. Control Panel 

The Unit is an intelligent power supply unit that can operate actuators via a simple switch, 
external sensors, as a standalone system or as a slave to a Building Management System (BMS). 

Features: 

• 230Vac-24vDC transformer/rectifier. 

• 6A output. 

• Switch and BMS volt free inputs. 

• BMS 0-10v inputs to deliver graduated opening in 10% increments. 

• BMS lock out period (programmable) to prevent conflict with local switch 

• Associated sensor inputs (stat, rain, wind etc). 

• Actuator cycle monitoring to protect operational frequency warranty. 
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6.4. Sensors and switches 

All the sensors are fitted to the control panel with a variety of sensor range special for natural 
ventilation purposes including: 

1. Wind speed and direction sensor 

This sensor accurately measures the wind speed and direction (AV-WAD only), providing 
output signals compatible with most BEMS controllers. 
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Intended for applications where external weather conditions influence the building control 

strategy, such as for the automatic closing of windows in high wind conditions. 

Low inertia cup assembly for fast response. 

Magnetically operated mercury wetted reed switch for bounce-free pulse output. 

Direction sensor 360° endless travel. 

2. CO2 temperature sensor 

These sensors located inside and outside the building and they could be combined with 
temperature sensor and humidity sensor. 

The CO2 & Temperature Sensor is used to monitor room CO2 level, as well as room 
temperature and humidity. It provides one on/off relay output to control a ventilator with four CO2 
levels preset and features both an audible alarm and a three color backlit switching alarm display. 

 
 

Inside Sensor Outside sensor 
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3-Rain sensor: 

 The standalone rain sensor automatically detects rain or snow fall and signals the ventilation 
control system to close open vents.  

The sensor is built into a plastic weather proof enclosure. The mounting bracket system has 
been designed such that the sensor can be mounted on to any suitable external façade of a building 
and adjusted for optimum rain detection.  

For correct operation, the sensor requires a 24V ac/dc ± 20% power supply @ 55mA to power 
the electronics and heater element. The signaling to the ventilation control system is via volt free 
contacts rated at 30V dc @ 1A resistive.  

The sensor is NOT suitable for operation at 230V ac. 
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1. Thermostat 

To give automatic temperature control  

Dual diaphragm temperature sensing element  

Heat anticipator for close temperature control  

10 to 30°C set point range 

 

2. Room Air Temperature Sensor 

 

Compatible with most BMS controls 

With or without local resent potentiometer 

 

 

 

 

 

3. Inside & Outside Temperature Sensor 

 

 

 

 

 

 
Inside sensor  Outside sensor 
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4.Tamperproof Thermostat 

The Tamperproof thermostat is a wall mounted space thermostat that senses the 
temperature of a system to help maintain a desired set point. 

The tamperproof version has the set-point adjustment under the cover to prevent 
unauthorized tampering. 

 

 

 
 

 

5.24/7 Hour Timer 

The digital timer contains a power reserve of three 
years for accurate time keeping in the event of mains 
failure. 

It has a minimum programming time of 1 minute, a 
manual override and simple summer time to winter time 
(and vice versa) adjustment facility. 
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7. Energy Study and Operation of the Building 

7.1. Operation Range 

The following analytical diagrams shown the Thermal Characteristics for the applied location 
of the projects, which we depend on when determines the working environment of the building 
and controlling procedure. 

From the below diagram we notice that the Extreme Months in winter are December, January 
and February, whereas the Extreme Months in summer are July, August and the first middle of 
September. Otherwise, the Normal Temperature Zone located in March, April, May, June, the 
second middle of September, October and November. 

Of course, always there are irregular points for the design conditions and parameters, thus 
sensors for Temperature, Humidity and Wind Speed will be applied with Controlling System. 

The probability of operating the design or shutting off within the day is also applied by the 
combination of the sensing devices and controlling equipment. 

The second chart from the same figure demonstrates the daily temperatures range on 14th of 
December. 
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7.2. Temperature 

The following Chart demonstrates the temperature ranges through the year by weeks in 
shadow area, and for 24 hours. It is the basis of operation strategy of the building. 

This chart is essential when controlling the Exterior DSF openings range within one day, 
especially in the confused weather conditions. 
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7.3. HVAC parameters 

In addition to the wind speed and directions in the location of the building, the following 
chart also demonstrate the energy required in heating and cooling seasons and for all months and 
the average energy required for the selected location. 

Moreover, it shows the daily temperature range along the year, and the average solar 
radiation in the year in the location of the project. 

 

7.4. Psychometric Analysis 

By applying the energy analysis of the project location and sustainable strategies, the thermal 
comfort range will extended and the region of uncomforted area will be shorten widely. 

This area is shown in following Psychometric Chart which as a result; the energy consumption 
for HVAC system by normal operation methods will be cut off dramatically by applying the 
sustainable energy strategies. 
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8. Conclusion 

By applying Natural Ventilation in the new building and using sustainable energy strategy and 
technologies, numerous advantages could be obtained, and the usual energy for HVAC will saved 
for more than 50%. 

To sum up, green buildings not only contribute towards a sustainable construction and 
environment but it also brings lots of benefits and advantages to building owners and users. Lower 
development costs, lower operating costs, increased comforts, healthier indoor environment 
quality, and enhanced durability and less maintenance costs are hallmarks of a typical green 
building. 
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