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FOREWORD 

Energy issue has become a key concern in today’s world. Energy conscious buildings 
are taking their parts to contribute energy issue. In this work, passive solar intelligent 
building concept is introduced and an approach is purposed. The application of the 
approach is shown on a case study building. 
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PASİF SOLAR AKILLI BİNA TASARIMINA BİR YAKLAŞIM  

ÖZET 

Dünyamız, enerji tüketiminin giderek artması nedeniyle enerji kaynaklarının 
tükenmesi ihtimaliyle  ve de global ısınmayla karşı karşıyadır.  Binalar toplam enerji 
tüketiminde oldukça yüksek bir paya sahiptirler. Bu nedenle binlarda enerjinin etkin 
kullanılması büyük miktarlarda enerji tasarrufu sağlayacaktır. Günümüzde, minimum 
düzeyde enerji tüketimiyle en üst düzeyde kullanıcı konforunu sağlayabilen binalar 
tasarlanması hedeflenmektedir. Binanın kendisinin ve binadaki tüm sistemlerin 
kendini çevreleyen mikro ve makro düzeydeki ortam koşullarına göre 
tasarlandındığı, değişen iç ve dış ortam koşullarından devamlı haberdar olan ve 
koşullara uyum gösteren gerçek akıllı binalar bu hedefin gerçekleştirilmesini 
sağlayacaklardır. Mimari pasif öğeler göz önünde bulundurularak doğru tasarlanmış 
çevreyle uyumlu pasif solar akıllı binalar, enerji tasarrufuna ve dolayısıyla çevrenin 
korunmasına, sürdürülebilirliğe, enerjinin etkin kullanımına ve ülke ekonomisine 
önemli katkılarda bulunacaklardır.  

Bu çalışmada pasif solar akıllı bina konsepti tanıtılmakta ve pasif solar akıllı bina  
tasarımına, örnek bir bina üzerindeki uygulamalarla açıklanan bir yaklaşım 
önerilmektedir. Örnek bina olarak tez çalışmasının bir bölümünün gerçekleştirildiği 
Stuttgart, Almaya’daki bir ofis binası ele alınmıştır. Ofis binalarında soğutma 
giderlerinin diğer enerji giderlerine göre çok daha baskın olması nedeniyle bu 
binanın soğutma enerji giderlerinin azaltılmasına yönelik pasif stratejiler önerilmiş 
ve bu stratejiler  bina otomasyon sistemi ile kontrol edilmiştir. Her önerilen sistemin 
iç hava sıcaklığı ve soğutma yüklerine etkisi analiz edilmiştir. Sonuçlar 
değerlendirilerek nasıl optimum çözüm elde edilebileceği gösterilmiştir. Binanın 
performansının değerlendirilmesi için günümüzde kullanım alanını giderek arttıran 
bilgisayar tabanlı enerji simulasyon programlarından biri olan TRNSYS bina 
simulasyon programı kullanılmıştır.  
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AN APPROACH TO PASSIVE SOLAR INTELLIGENT BUILDING DESIGN 

SUMMARY 

Energy issue is becoming more and more important in today’s world because of a 
possible energy shortage in the future and also global warming. Countries are 
searching ways to reduce the energy consumption in order to ensure global energy 
sustainability. Buildings are one of the most significant energy consumers and the 
potential for energy savings in the building sector is also significant. Buildings that 
are not only equipped with a building management system but also designed as being 
environmentally conscious can consume minimum energy. They can be called as 
passive solar intelligent buildings. They consider the passive solar architectural 
methods; they are aware of the outside and inside conditions and adjust themselves 
continuously according to changing demand. They can contribute to energy savings, 
global sustainability, environmental protection and economy by reducing energy 
consumption and improving energy efficiency. 

This thesis describes an approach in order to design true passive solar intelligent 
buildings. It also shows the application of the approach on a case study building. The 
building which is taken as case study is in Stuttgart, Germany since the writer studied 
as an exchange student during some part of her master’s study there.  The approach 
especially focuses on reducing cooling loads in commercial buildings by means of 
passive methods due to the heavy cooling demand in office buildings.  Aim of the 
work is achieved by analyzing passive solar parameters step bye step on the case 
study building and setting different variations and comparing the results in order to 
obtain the optimum solution. Energy analysis are carried out simulating the building 
by computer based simulation tool TRNSYS. 

 xiii
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1. INTRODUCTION 

1.1 Climate, Energy and Buildings 

Energy issue is becoming more and more important in today’s world because of a 

possible energy shortage in the future and also global warming. Since the Kyoto 

protocol signed in December 1997, the majority of governments around the world 

have committed themselves to reducing the emission of the greenhouse gases.  

Efficient use of energy has become a key issue for the most energy policies. 

Buildings are one of the most significant energy consumers. Across the IEA 

countries, buildings consume over half of all electricity and one-third of natural gas, 

and are responsible for more than one-third of all greenhouse gas emissions [1]. For 

instance, the energy consumption of U.S. buildings accounts 36% of the country’s 

energy supply at a cost of $193 billion and the energy use is growing at a rate of 

3.3% a year. Heating and cooling equipment consumes 42% of all building energy 

use at a cost of $81 billion [2].  

Within buildings, one of the fastest growing sources of new energy demand is 

cooling. While figures are hard to find, evidence from a number of IEA countries 

suggests that cooling energy demand is growing at least twice as fast as building 

energy demand overall. In Canada, for example, commercial building energy demand 

rose by 22% from 1990 to 2001, while cooling energy demand rose 48% over the 

same period [1]. Also in Europe energy consumption for air conditioning is rising 

rapidly, too. This is due to increased internal loads through electrical office 

appliances, but also to increased demand for comfort in summer. Summer 

overheating in highly glazed buildings is often an issue in modern office buildings, 

even in northern European climates. The cooling energy demand for such buildings 

varies between 3 and 30 MWh/year, in Europe [3]. Cooling energy is often required 

in commercial buildings, while the highest consumption worldwide in the USA.  
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Saving energy is the most cost effective way to meet our future energy needs and to 

prevent the air pollution for the indoor and outdoor environment. Building energy 

efficiency is a high priority in many countries and the potential for energy savings in 

the building sector is also significant. Many Governments around the world are 

enhancing their building energy codes aiming to limit the energy consumption at a 

minimum level possible. They are placing constraints on energy consumption levels 

and building stronger codes [4].   

Studies in the United States showed that energy-saving actions regarding design and 

retrofits could prevent a loss of $100 billion US a year until the year 2010. 

According to the U.K. Department of Energy, 50% of the energy consumption could 

be reduced if new building design standards were enhanced and also, if the 

appropriate interventions on existing buildings were undertaken, 25% of the current 

figures could be saved. Moreover, it is known that, to cool down a building 1 Co is 

almost 4 times more expensive than to heat up the building 1 Co. Therefore, cooling 

energy conservation in buildings is promising significant savings [5]. 

1.2 Approaches to Energy Conscious Buildings 

A building is described by Beckman W.A as a system in constant interaction with its 

surrounding environment and which is affected by climatic changes and by the 

temporal requirements of occupants [6]. The energy consumption in a building is 

dependent on construction, the thermal properties of the building and its 

surroundings, climatic data specific to the building location, and hours of operation 

as well as the individual systems that work to cool and heat the building. Intelligent 

buildings that take into consideration all these parameters and work in harmony with 

its surrounding environment can achieve high level of energy efficiency [7]. 

With advancing technology, intelligent building concept also became a part of daily 

life. Most people think that buildings which have a complex central management 

system are intelligent buildings. According to Wigginton and Harris, today most 

buildings -equipped with only advanced technologies- are not truly intelligent. 

Because the designers start planning cooling, heating and lighting systems after the 

building is almost completed and miss the potential of a truly designed intelligent 
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building would offer. Wigginton and Harris describe the intelligent building as 

having a closer relationship with both natural intelligence and the science of artificial 

intelligence. Building itself and its all systems should be deigned considering the 

outside and inside environment. Building should be aware of the changing 

environmental conditions, react continuously and be self –adjustable [8].   

It is naturally expected that a truly intelligent building will try to benefit from the 

natural sources and minimize the need to import energy from non-renewable sources. 

This can be achieved by integrating passive solar architectural techniques to design 

approach.  Passive solar design is a good approach to building design that provides 

some of the space heating and lighting required in buildings from sun and assists it 

with natural ventilation and cooling. Although passive solar design is largely a 

design process, some building elements such as windows, shading devices and 

atrium contribute to the passive energy flows in buildings and so can be regarded as 

part of the technology.   

Designing a building according to passive solar techniques and utilizing it and 

controlling its state-of-the-art components within the intelligent building context 

should be at the heart of the energy efficiency concept. Most of the building 

designers have been missing the benefits of intelligent buildings in combination with 

passive design strategies, which can moderate internal temperatures and hence 

reduce building energy consumption by adjusting the building to match the local 

climatic forces while providing a good thermal comfort for example in commercial 

buildings. Designer should take into account these techniques at the design stage in 

order to design an energy efficient passive solar intelligent building [6]. 

1.3 Building Energy Performance Prediction 

Application of passive solar techniques to intelligent buildings requires information 

and attention to the details of design and construction. Nowadays, design tools are 

available to analyze the thermal behaviour of buildings in detail and give 

recommendations for design strategies [9].   

Computer simulation has become an increasingly popular tool in the last decade to 

predict the energy and environmental performance of buildings at all stages of the 
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building life cycle: design, commissioning, operation and management. 

Computerized building energy performance simulation carry out the many complex 

equations that, when combined, describe how buildings use energy. With computer 

simulation designer can check the all parameters that influence the building 

performance and find the optimum solution specific to each building before it is 

constructed. Application of new technologies such as new materials, equipments, 

advanced control systems; etc can be tested before they are applied [6,7]. 

Building simulation assists passive solar intelligent buildings by means of 

determining and improving the energy efficiency of a building before it is even built. 

And also it can help designers to understand the relationship between the building 

and environment. Optimum solutions for the energy efficiency can be accomplished 

with the minimum use of mechanical and electrical systems. Moreover this would 

also help designers with achieving the energy efficiency level according to national 

energy codes.   

1.4 Objectives of the Work 

This thesis describes a methodology in order to design a passive solar intelligent 

building which especially focuses on reducing cooling loads in commercial buildings 

with passive methods. It also covers the application of this method on a case study 

building in Stuttgart, Germany. Aim of the work is achieved by analyzing passive 

solar parameters step bye step on the case study building and setting different 

variations and comparing the results to obtain the optimum solution.  

This study quantifies the energy savings and improvement in human comfort if 

passive strategies and automation of passive systems components, such as shading 

and natural ventilation systems, are integrated into such buildings.  

The influence of different passive strategies aiming to lower building energy 

consumption to a minimum and their effectiveness are modelled and studied by 

TRNSYS simulation program using PREBID in IISiBat environment. 
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Chapter 2 explains the fundamental parameters of passive solar architectural design 

techniques for intelligent buildings and includes a presentation of Commerzbank 

Tower as a good example to this concept. 

Chapter 3 focuses on cooling load calculation techniques 

Chapter 4 is concerned with building energy simulation. It starts with explaining how 

building energy simulation helps to design better energy efficient buildings. The 

building energy simulation program TRNSYS which is used for the purpose of this 

work is also introduced 

Chapter 5 forms the main chapter of the work. It describes a methodology for 

designing passive solar intelligent buildings and underlines the techniques for 

reducing cooling needs of commercial buildings. It shows the application of this 

methodology on a case study building with building simulation. The Chapters starts 

with definition of case study building. It includes the modelling of the case study 

building carried out by TRNSYS. Comparison of different variations and the results 

are presented.  

Chapter 6 includes the conclusion and recommendation for future work.  
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2. PASSIVE SOLAR INTELIGENT BUILDING DESIGN 

2.1 Introduction 

With advancing technology, intelligent building concept has become popular among 

the designers, users and researchers. For many people, buildings, which are equipped 

with the state-of-the-art technology products and have a complex central 

management system - aiming to provide comfort for occupants - are referred as 

intelligent buildings. In fact, this definition is incomplete and missing the essence of 

intelligent building concept. According to Wigginton and Haris conventional 

approach that relates to the use of more or less complex building management 

systems and information technology can not be regarded as truly intelligent. They 

describe the truly intelligent building as having a closer relationship with both 

natural intelligence and the science of artificial intelligence and add that it can be 

defined as a building with the ability to know its configuration, anticipate the 

optimum dynamic response to prevailing environmental stimuli, and actuate the 

appropriate physical reaction in a predictable manner. The truly intelligent building 

should therefore have some of human characteristics that give it the ability to learn, 

adjust, recognize and respond instinctively and constantly to environmental change 

in present conditions in order to use energy more efficiently and keep the energy 

consumption at a minimum level without sacrificing occupants’ comfort [8]. To 

ensure that intelligent buildings must be supported by passive solar architectural 

techniques. That means the whole building systems and the building itself must be 

designed and operated considering the surrounding environment and it should also 

work in harmony with it. This chapter focuses on fundamentals of truly designed 

passive solar intelligent buildings and gives an understanding of its design 

parameters.  
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2.2 Fundamentals of Passive Solar Intelligent Building Design 

A building is described by Beckman W.A as a system, which is in constant 

interaction with its surrounding environment and affected by climatic changes and by 

the temporal requirements of occupants [6]. It is naturally expected that a truly 

intelligent building will try to benefit from the natural sources and minimize the need 

to import energy from non-renewable sources. To be able to achieve designing a 

truly intelligent building, designers should take the advantage of passive solar 

architectural methods and active and automatic control of functions together. Passive 

solar methods will recognize and responds to seasonal and daily changes in the 

environment and minimize the energy consumption. Furthermore a climatic-sensitive 

control strategy, which is developed specifically for the each building will help to 

improve the energy efficiency and comfort.  

Passive solar approach is dependent on natural elements and processes in providing 

comfort to occupants in a manner that is healthy and not being wasteful of resources. 

Basically, passive solar systems use the energy from the sun to heat, cool, and 

illuminate buildings. The idea behind the passive solar concept is simple: maximize 

solar heat gain in cold periods and minimize it in hot periods to avoid overheating, 

benefit from the natural ventilation to reduce or eliminate cooling needs and use 

daylight to provide natural lighting. The design does not need to be complex, but it 

involves knowledge of fundamental passive solar concept. And the term passive 

implies a conceptually simple approach that uses few moving parts or input energy, 

requires little maintenance or user control, and results in less or no pollution or waste 

[10].  

A passive solar building successfully integrates the site, the local and micro climate, 

the sun, and the building fabric in order to minimize dependence on external energy 

sources and maintain comfortable indoor temperatures. Solar buildings should be 

located and designed to interact with climate in a positive manner [10]. In order to 

fully benefit from this potential, parameters should be considered carefully at the 

early design stage. Otherwise the opportunity to design intelligent buildings, which 

consume minimum level of energy possible, will be diminished. The designer should 

consider the building as a whole and start analyzing each parameter step by step. 

Main parameters of passive solar intelligent building design will be explained below.  
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2.2.1 Environmental Factors (Climate) 

The climate has a great impact both on the energy and environmental performance of 

the building and also on the occupants themselves. Climate affects buildings, and 

subsequently the comfort of the occupants in many ways. Buildings have to perform 

appropriately in summer, winter and intermediate seasons [11].  

The climate around a building can be defined by two factors: macroclimate and 

microclimate. 

The macroclimate can be characterized by climatic data that describes the 

characteristics of the climate of a particular area or region. The following climatic 

parameters are important: Temperature, humidity, precipitation, wind characteristics 

(wind speed and direction), sunshine hours and solar radiation data, atmospheric 

pollution. These parameters will vary daily and seasonally, some like solar radiation 

and temperature in a fairly predictable way over the long term. However, in the 

short-term climatic fluctuations are highly unpredictable [12]. 

The microclimate is the localized climate around a building. Many microclimates 

may exist around a building and may be created by neighbouring buildings (solar and 

wind shading), terrain features (rivers, hills, valleys). Microclimates also exist on 

different facades of the building; those facing the prevailing wind, north and south 

facades etc [12]. 

2.2.2 Orientation of Building 

Orientation of building is one of the most important parameters, which is under 

designer’s control. It affects the amount of direct solar radiation received by the 

building and so the heat loss/gain by the building. The sun follows a predictable path 

across the sky from day to day. The position of the sun, location on the earth together 

with orientation of a building surface allows the amount of solar radiation on that 

surface to be calculated at a particular instant and over the course of the year. 

The intensity of solar radiation falling on a surface can be measured in W/m2. This 

radiation is made up of two components: Direct solar radiation, directional solar 

radiation from the sun and diffuse solar radiation (radiation with a non-homogeneous 
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direction) caused by atmospheric haze, clouds and radiation reflected back from the 

ground [12]. 

It is known that depending on the altitude angles of the winter sun and the summer 

sun, south is the best orientation to have maximum direct solar radiation in winter 

and minimum solar radiation in summer on building surfaces. Therefore, buildings 

benefit most from solar gains when the most occupied spaces are located on the 

south side (north side in the Southern Hemisphere) (figure 2.1). It is not necessary to 

keep rigidly to a due-south orientation, but it is better to have the main side of the 

building be oriented to within 30° of due south. Buildings orientated east of south 

will benefit more from morning sun, while for those orientated west of south, the 

afternoon sun can delay the evening heating period [13]. 

  

Figure 2.1: Orientation Selection [13] 

On the other hand, careful orientation can minimize solar energy entering the 

building and greatly reduce cooling loads, especially for commercial buildings with 

high internal loads. This translates into lower energy costs over the life of the 

building and less air pollution from electricity generation.  

Proper orientation accounts for more than 80% of the success of passive solar design 

[14]. Depending on the heating or cooling needs, best orientation for the building 

should be selected on the site. 
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2.2.3 Site planning 

Passive solar intelligent building design involves benefiting from natural sources. 

Location of a building in the selected site and especially the placement of the spaces 

within it is a critical passive design element. An ideal site for a passive solar building 

provides unrestricted access to sunshine in the winter but screens it in summer. It 

should also be protected from cold winter winds or benefit from it depending on the 

cooling and heating needs. In order to achieve this, the best place on the topography 

should be selected according to the requirements of climatic region and surrounding 

obstructions has to be taken into account to catch the optimum solution. The most 

important parameters for site planning can be classified into three general categories: 

topography of the area, vegetation on or near the site and surrounding buildings. 

They are related to the amount of solar radiation received by the building. They also 

have an effect on the prevailing winds as they can block or change the direction of it 

[15].  

2.2.3.1 Topography 

The requirements of the passive solar design can be different for different climatic 

regions such as cold, temperate, hot-humid and hot-dry. Depending on the 

requirements of climatic region, site analysis should be carried out with attention and 

the most proper site should be selected on the topography for settlement. The 

geometrical assessment has to take into account the three-dimensional nature and 

seasonal effect of the surrounding terrain [16].  

It is known that the site on a south slope has a possibility to access to maximum 

sunshine. It is an important factor for heating requirements, so this area of the 

topography is suitable for temperate and cold climates. The bottom of the valley will 

get less direct radiation in comparison to the slope and relatively less wind. So this 

part is good for hot dry climate. The top of the hill will get relatively less radiation 

and maximum wind and thus this part of the topography is recommended for hot 

humid area settlements. These are schematically shown in figure 2.2 [16] 
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Figure 2.2: The most suitable parts of the topography for different climatic zones  

Valleys running east-west face the greatest risk of permanent overshadowing from 

the southerly slope in winter. In northern Europe it is best, where possible, to locate 

buildings high enough up the south slope to catch significant amounts of winter sun 

[11]. As an example, we can see the effect of slope of the site on overshadowing in 

figure 2.3. In northern latitudes, south-facing slopes can enable good solar access 

with reduced spacing. Steep north-facing slopes are unfavourable for passive solar 

design. 

 

Figure 2.3: Effect of slope of the site [12] 

2.2.3.2 Vegetation 

Vegetation is primary in an energy conserving landscape. Shading from the trees 

depends on the species, pruning and maturity of the plants. Transmission can be as 

low as 20 % in the summer and as high as 70 % in the winter depending on the type 

of the plant [11].  

The best locations for deciduous trees are on the south and east sides of a house. The 

effect of deciduous vegetation also varies according to the season. When these trees 
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drop their leaves in the winter, sunlight can reach the house to help in heating the 

house so overshadowing is diminished. When the deciduous trees are in leaf, part of 

the incident sunlight diffuses through the leaves and the radiation is not blocked 

entirely. The effect of deciduous trees on solar access can be seen in figure 2.4. 

However, even without leaves, trees can block as much as 60% of the sun, making 

placement of trees critical to effectiveness [11]. 

 

Figure 2.4: Effect of deciduous trees [16] 

Evergreen trees, on the other hand, block sunlight to a greater extent throughout the 

year. Controlling solar gain in a building through planting on south, southwest and 

southeast sides of buildings is a very effective way to reduce cooling loads. They are 

more preferable as wind breaks [11].  

A tree that will reach a medium to large size should be located 5 to 7 meter from the 

side of a house and 4 to 5 meter from the corner. Smaller trees can be planted closer 

to a house and shade walls and windows.  

Planting can also improve the amenity of a scheme by providing shelter from cold 

prevailing winds and creating sun-traps within a scheme. Evergreen trees on the 

north and west sides afford the best protection from the setting summer sun and cold 

winter winds [11].  However, if trees and tall evergreen shrubs are positioned so that 

they overshadow the south-facing elevations of buildings, they will negate many of 

the benefits of a passive solar layout [13]. Shadow patterns demonstrate conflicts in 

solar access. In figure 2.5 it can be seen that lower two buildings are shaded by the 

trees during winter.   
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Figure 2.5: Effect of Vegetation Surrounding Building [16] 

Landscaping and landscape structures can enhance a building’s natural ventilation 

and cooling by influencing wind flow. This requires the landscape design to respond 

to prevailing wind patterns and local wind flow variations, and strategically locating 

trees, hedges and shrubs to direct winds toward ventilation inlets and create low-

pressure areas at outlets. For example, in most places, the cold winter winds come 

from a different direction than the cool summer breezes. Placing an effective 

windbreak along the side of the house where winter winds are strong can provide 

shelter from cold winds, and therefore reduce heating energy needs (figure 2.6) [17]. 



 14

 

Figure 2.6: Wind effect [17] 

To maximize summer ventilation, bushes and trees should be placed away from 

buildings and for winter wind protection bushes should be placed between building 

and trees as shown in figure 2.7 and figure 2.8. 

 

Figure 2.7: Wind protection with trees [16]  

 

Figure 2.8: Wind protection with bushes [16]  
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2.2.3.3 Surrounding Buildings 

Surrounding buildings have an effect on the amount of sunlight and diffuse radiation 

received at the site. Also surrounding buildings can effectively block the prevailing 

breezes, even though they may be useful to shade the sun from the building. Distance 

between buildings should be adjusted to obtain optimum solution. Not only the effect 

of existing construction must be taken into account but also the influence of likely 

future building developments have to be concerned as potential future threats to solar 

access.  

The required distance between buildings should be adjusted according to latitude of 

the place and also the height of the buildings.  

In order to benefit from direct radiation on the sunlight hours without blocking each 

other, the required distance between buildings are specified in table 2.1 [16]. 

Table 2.1: The required distance between buildings  

Hot humid Hot dry Temperate dry Temperate humid Cool 

Depending on the wind (In the direction of prevailing wind) 

5-7H<DX 1 1/2-2H H-5H H-5H H-5H 

Depending on the sun (in the N-S direction) 

1 1/2-2 1/2H 1 1/2-2 1/2H 2-3H 2-3H 1 1/2-2 1/2H 

H= Height of obstacle (building) 

The altitude and latitude of the location affects the amount of solar radiation reaching 

the ground so received by the building. In figure 2.9 an example from UK shows the 

spacing needed to provide good solar access in mid-winter depending on the latitude 

[13].  
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Figure 2.9: Minimum spacing required for a view of the sun at noon in mid 
December at different latitudes, assuming a flat site of two-storey buildings with 30° 
roof pitch  

Air movement, in the form of adequate ventilation, is perhaps the most important 

aspect of passive cooling. Site planning for natural ventilation, requires knowledge of 

the prevailing wind directions and speeds, and being able to determine what parts of 

a site are most favourable for ventilation. Figure 2.10 shows positive and negative 

effects of surrounding buildings on air movement [10].  

 
Figure 2.10: Air Movements around Buildings [10] 
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2.2.4 Form of Building 

Form of the building plays a great role in energy conservation. A compact form 

minimizes conductive heat transfer through the envelope and facilitates daylighting, 

natural ventilation and solar gain. Although a square house has minimum heat loss, a 

good passive solar design is rectangular house with the long sides facing south and 

north-should be insulated- to collect more solar energy [16].  

The arrangement of building components relative to the sun can reduce auxiliary 

heating and cooling loads. Also spaces should be grouped for optimal energy zone 

configuration. Habitable spaces that are most occupied and have the greatest heating 

and lighting requirement should be arrayed along the south face of the building. 

Rooms that benefit little from sunlight, such as hallways, utility rooms, bathrooms 

and storage areas, are placed on the north side of the building where they can act as a 

buffer between high use living space and the cold north side and have smaller 

windows. South-facing glazing is avoided in the rooms, which have high internal 

loads as kitchens in order to minimize overheating from a combination of solar gain 

and internal heat gain. Moreover, courtyards in buildings will help to reduce cooling 

demand in hot-dry climate and the highly occupied rooms should be oriented to this 

cooler courtyard [16].  

The exposed surface area of a building is related to the rate at which the building 

gains or loses heat while the volume is related to the ability of the building to store 

heat. Thus, the ratio of volume to exposed surface area is widely used as an indicator 

of the rate at which the building will heat up during the day and cool down at night. 

A high volume-to-surface ratio is preferable for a building that is desired to heat up 

slowly, as it offers small exposed surface for the control of both heat losses and gains 

[18].  

2.2.5 Building Envelope 

Building envelope is the external elements of a building such as walls, floor, ceiling, 

roof, windows and doors...etc which enclose conditioned spaces and through which 

thermal energy may be transferred to or from the exterior. It has a great potential to 

reduce energy consumption as being a separator between indoor and outdoor 
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environment. Its transparent and opaque components determine both the building 

energy demand and thermal and visual comfort.  

The construction of the building envelope is about %15-40 of the total cost for a 

building; however its contribution to life-cycle cost is more than %60 which is 

mostly the energy cost [16].  

Designers don’t always have a chance to control environmental parameters. They are 

also dependent on other users, builders. Furthermore, geographic constraints 

sometimes can be unsolvable for one or another reason. But the building envelope is 

always under designer’s control. Therefore, it provides a good opportunity to passive 

solar intelligent building design. Climate adaptive building envelopes use materials 

and design elements to improve interior comfort, provide visual and thermal access 

to the natural environment, and reduce energy use. They are also called intelligent 

envelopes. The intelligent envelope is mostly not inert may change dynamically, in 

order to reduce the energy requirements of the building. Designers should take the 

opportunity to design an intelligent envelope. It consists of transparent and opaque 

components, whose thermal behaviour is significantly different from each other.  

2.2.5.1 Opaque Components 

Opaque components are parts of building like walls, roofs, floor...etc. Reducing heat 

flow through a building envelope by increasing the insulation level is most 

commonly applied to heat conservation in the heating season cooler regions. It can 

also be used to prevent overheating by conduction in summer in hot climates. In 

summer, the heat flow is from the outside to the inside of the building and for winter 

vice versa. 

First of all, to reduce transmission losses or gains a passive solar building should 

start out well sealed and well insulated. By reducing heat loss and gain, remaining 

energy loads can be effectively met with passive solar techniques. Approaches that 

contribute to minimizing heating and cooling loads include properly installing 

insulation, using recommended insulation levels in walls, floors, and roofs. Most 

common building materials such as concrete, brick, and wood have low thermal 

resistance and special insulation materials have to be used along with them. Thermal 

insulation effectiveness is measured by a material's thermal resistance. The thermal 
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resistance of material, RSI, is directly proportional to its thickness and inversely 

proportional to its conductivity. The total rate of heat loss of a building is 

proportional to the cross-section area and the inside and outside temperature 

difference and directly proportional to the U value [19].  

In addition to insulation, there are other ways of reducing heat flow through 

envelope. Thermal mass refers to materials such as masonry and water that can store 

heat energy for extended time. It absorbs heat on sunny days and prevents 

overheating. At night, the stored heat is radiated into the building. Thermal mass will 

prevent rapid temperature fluctuations and also regulate interior temperatures within 

a building [16] 

Next, the colour of the surface of the opaque components has some effect on thermal 

behaviour of the building, because optical properties of the opaque component, 

which are absoprtivity and reflectivity, are the function of colour. Darker colours 

absorb more solar radiation and increase the temperature and decrease the heating 

load, while lighter colours reflect some solar radiation and decrease the cooling load. 

In general, colour of the exterior surface has more effect in poor or low insulated 

buildings than in higher insulated buildings. The outer surface of walls and roofs 

should have lighter colour and darker colour for warm and cold climate respectively 

[15].  

2.2.5.2 Transparent Components 

Window systems are regarded as the transparent components of the buildings. They 

allow daylight and solar gains to be exploited. They have a big role in passive solar 

design as they admit up to 80% of solar radiation that is received by the surface. On 

the other hand, they are the weakest point of building envelope relative to heat 

transfer due to their higher U-value. The U value can be described as the amount of 

heat which is transferred from the unit area of a material in one hour when the 

temperature difference between the air temperatures of the two sides is 1 degree 

Celsius [16].  

The natural properties of glass let solar radiation through but trap long-wave thermal 

radiation, keeping the inside warm (the greenhouse effect). This action is result of the 

optical properties of the glass, which are transmittance, absorptance and reflectance.  
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A major condition affecting building energy consumption is size and location of 

windows. As a rule, for heating, a majority of window area should be on the south 

side. East and west side windows should be minimized if possible since they collect 

little solar energy in winter but a lot in summer but while still allowing for adequate 

daylight, sometimes with glare problem. Windows should be large enough to provide 

adequate daylighting, e.g. they should be at least 15% of a room’s floor area [19]. 

Standard windows allow considerable heat loss by convection and radiation. Lower 

heat loss is achieved by increasing the number of glazing, but surface reflection at 

each air-glazing interface and absorption within the glazing material reduces the 

transmittance of solar radiation through the glazing. Two panes of glazing are 

sufficient in most climates. The convective loss can also be reduced by lowering the 

glass pressure or inserting a plastic heat trap between the glazings. The radiative loss 

can also reduced by using thin surface films on the glazed panes. Nowadays, there 

are glasses, which radiation and light transmission coefficients can change 

automatically according to the environmental conditions [19].  

The challenge often is to properly size the south-facing glass to balance heat gain and 

heat loss properties without overheating especially if they do not have proper night 

insulation and summer shading. Increasing the glass area can increase building 

energy loss. New window technologies, including selective coatings, have lessened 

such concerns by increasing window insulation properties to help keep heat where it 

is needed [13].  

2.2.5.3 Passive Control Systems on Building Envelope 

One of the most important passive control systems on building envelope is sun 

control, which is mostly defined by shading devices that block direct solar radiation 

from entering a window during certain times of the day of the year. Shading devices 

affect natural lighting, ventilation, solar gain, and overall building performance. The 

summer sun rises higher overhead than the winter sun. Properly sized window 

overhangs are an effective option to optimize southerly solar heat gain and shading. 

They shade windows from the summer sun and in the winter when the sun is lower in 

the sky, permit sunlight to pass through the window to warm the interior.  
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The design of effective shading devices will depend on the solar orientation of a 

particular building facade. Recommended shading devices for different orientations 

can be seen in table 2.2 [16]. 

Table 2.2: Shading devices 

1)Overhang -

Horizontal Panel 

2)Overhang-

Horizontal louvers in 

horizontal plane 

3)Overhang-

Horizontal louvers in 

vertical plane 

4)Overhang-Vertical 

panel 

   

• Best orientation: 

South, East and West 

• Comments 

Traps hot air 
Can be loaded by snow 
or wind 

• Best orientation: 

South, East and West 

• Comments 

Free air movement 
Snow or wind load is 
small 

• Best orientation: 

South, East and West 

• Comments 

Reduces length of 
overhang, View 
restricted 

• Best orientation: 

South, East and West 

• Comments 

Free air movement 
No snow load 
View restricted 

5)Vertical fin 6)Vertical fin slanted 7)Eggerate 8)Eggerate with 

slanted fins 

   
 

• Best orientation: 

East, West and North 

• Comments 

Restricts view 
For north facades in 
hot climates only 

• Best orientation: 

East, West 

• Comments 

Slant toward north 
Restricts view 
significantly 

• Best orientation: 

East, West 

• Comments 

For very hot climates 
View very restricted 
Traps hot air 

• Best orientation: 

East, West 

• Comments 

Slant toward north 
View very restricted 
Traps hot air 
For very hot climates 
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Careful solar control can reduce costs for mechanical cooling equipment often to the 

point of lower overall construction cost. Solar control to reduce cooling loads helps 

provide year-round comfort, and brings independence from energy price increases.  

The other important control system on the envelope is natural ventilation system 

which is defined usually by opening windows. Natural ventilation, as the name 

implies, uses natural forces to deliver fresh air into the building. Two forces; wind 

and thermal buoyancy, are the predominant forces used to deliver proper fresh air to 

the building. Natural ventilation is a whole-building design concept. The design 

utilizes the stack effect and wind pressures to supply outdoor air to building interiors 

for ventilation and/or space cooling purposes [16].  

2.2.6 Summary 

To summarize, a truly intelligent building should provide comfort to its occupants 

while consuming minimum energy and working in harmony with its environment. It 

has to have some humanistic features like constant responsiveness to change in the 

environment and ability to learn. It should be self-adjustable. Moreover, to ensure 

high level of energy efficiency, intelligent building should benefit from the natural 

sources and minimize the need to import energy from non-renewable sources. In 

order to achieve all these goals, design of an intelligent building should start at the 

early design stage and include passive solar approaches. Parameters like orientation 

and location of a building, shape and form, building envelope - explained above - 

should be taken into account and analyzed by designer at the initial design stage to 

obtain optimum solution specific to each building.  

2.3 An example to Passive Solar Intelligent Buildings – Commerzbank 

Tower 

There are some examples to truly designed intelligent buildings around the world. 

They use the current state-of-the art strategies in the intelligent building concept. 

Some of these well-known buildings are Glaxo Wellcome House West from West 

London, UK, Phoenix Central Library from Phoenix, USA, The Brundtland Centre 

from Toftlund, Denmark, TRON Concept Intelligent House from Tokyo, Japan and 

Commerzbank Tower from Frankfurt, Germany [8].  
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The Commerzbank Tower is Europe's tallest building and often sited as one of 

Europe’s first ecologically responsible skyscraper. The building explores the nature 

of the office environment, developing new ideas for its ecology and working 

patterns. Commerzbank Tower is a good example to intelligent buildings. Details of 

the building and intelligent strategies of it will be explained below as a guide to 

intelligent building designers [8].  

2.3.1 Introduction 

The Commerzbank Tower located in Frankfurt, Germany was designed by Sir 

Norman Foster and Partners and was completed in 1997. The client's brief insisted on 

the need to create a building capable of expressing current values, with particular 

emphasis on the bank's ecological policy, where 'the environmental friendliness of 

the design shall be as important as functional worth'. The criteria used for evaluating 

the competition entries included design, ecological awareness/energy efficiency, and 

functionality as an office building in the years ahead. It also had to be economic and 

buildable.  

2.3.2 Architectural Design 

The plan of the tower is triangular in form as shown in figure 2.11, with 60m long 

sides that are curved to improve the efficiency of the space. The usual core of 

elevators, stairs and toilets is distributed to the corners of the triangular tower, 

leaving a hollow shaft around which spiral a series of sky gardens. Gardens spiral up 

the 48-storey tower to become the climatic, visual and social focus for four-storey 

clusters of offices located on the remaining two sides of the triangular plan [8].  
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Figure 2.11: Triangular plan [8] 

The gardens (figure 2.12) are linked to a 200m high atrium which has been divided 

into 12-storey villages, with a glass floor at each village boundary, which provides 

fire separation and defines internal ventilation and smoke ventilation zones. The 

gardens are places to relax and socialize. The employees can use them for lunch 

breaks and meetings. They each contain trees of different vegetation zones, 

depending on their orientation (Mediterranean, Asian and North American). There 

are nine gardens in all, three on each side of the triangle, and a tenth garden at level 

43, at a height of approximately 160m. This garden is completely exposed to the 

elements from above and protected only by a 2m high glass wall. Roof vegetation is 

also planned for the lower level perimeter buildings, which include a banking hall, 

auditorium, shops, apartments and a covered plaza [8].  
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Figure 2.12: Sky Gardens [8] 

It is normal in Germany for most office space to be cellularized, but the new tower 

incorporates a proposal for combination offices, which is new to Germany, where 

individual offices are combined with open-plan team areas. The building now houses 

2400 Commerzbank employees, relocated from offices around Frankfurt. Each petal 

of the triangular plan accommodates a working group of about 40 people, with 

approximately 650 people sharing each sky garden [8].  

2.3.3 Construction 

The opaque elements of the steel-framed building are clad with prefabricated 

spandrel panels, incorporating black enamelled glass and 80mm of mineral wool 

insulation. Elsewhere triple glazed window assemblies provide openings for lighting 

and ventilation. The reinforced concrete basements sit on a 4.5m transfer slab and 

111 bored piles up to 45m deep. It was necessary to use radar attenuated glazing on 

the airport side of the building. The tower structure is supported by pairs of vertical 

steel masts at the corners of each core, which in turn support eight-storey vierendeel 

beams. Secondary beams span from the vierendeels to a perimeter beam at the atrium 

edge [8].  

The windows facing the atrium consist of insulating glass, and windows that are side 

hung for maintenance, and bottom hung for motorized ventilation. On the outer face, 

the windows are double glazed (Low-e coating) with a third protective pane 

providing a ventilated cavity. The outer windows are side/bottom hung motor-driven 
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sashes, located 252mm behind a protective outer pane (8mm laminated safety glass). 

The cavity is ventilated at the top and bottom through 125mm continuous slots. The 

inner pane is insulated Ipasol glazing, with a light transparency of 66%, and an 

energy transmission value of only 34% [8].  

2.3.4 Energy strategy 

The building has been designed to utilize natural ventilation for a large proportion of 

the operating cycle, using mechanically assisted air conditioning only under extreme 

conditions. Natural ventilation and lighting are achieved through openable perimeter 

windows that are optimally controlled by a central computer. The inner skin of the 

external windows and the atrium are equipped with motor-driven sashes that are 

controlled by the central building management system (BMS), or by the occupants 

using wall-mounted switches. The windows can be closed by the BMS in 

unfavourable conditions, and air conditioning automatically activated. Lighting in the 

office areas is controlled automatically according to daylight penetration and 

occupancy. Night cooling can be instigated through the motorized opening of 

windows on summer nights [8].  

2.3.5 Heating 

In a building with high internal loads and good levels of insulation, heat will rarely 

be a requirement, even when it is 0°C outside. Static heating convectors are provided 

along the external and atrium facades to provide heating during cold spells, which is 

predicted not to exceed 17% of the operating cycle. It is anticipated that there will be 

a degree of passive solar build-up between the outer single glazed screen and the 

double-glazed opening light. This will provide some preheating of ventilation air, 

and radiant warming of the room. When the air conditioning is operational (estimated 

to be 40% of the time) heat from the return air is recycled to preheat incoming fresh 

air [8].  

The gardens act both as solar collectors and thermal buffers. They are kept at 

minimum temperatures of 5°C, warmed with exhaust air from the offices and 

underfloor heating locally to the serving bars. The structure to the glazed garden 

walls also contains a water heating system to offset cold downdraughts [8]. 
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2.3.6 Cooling 

Cooling is the more predominant load in this building. The computerized BMS is 

programmed to facilitate night cooling of the concrete floor slabs through the 

opening of motorized perimeter windows. Local cooling can be provided during the 

day in office areas by means of a water-based chilled ceiling system. Chilled water is 

produced by absorption chilling plant at 17°C without the use of CFCs. The chillers 

are supplied with steam from the city utility network. The design team predicted that 

active cooling would be required for just over one-quarter of the time [8].  

2.3.7 Ventilation 

A number of different facade concepts were physically modelled and tested during 

the design process, Computer modelling suggested that natural ventilation would be 

effective for up to 60% of the year,  

Natural ventilation is achieved across the 16.5m floorplates by computer controlled 

perimeter windows. The 14m high garden facades can also be opened in good 

weather to ventilate the atrium space (connected to two other gardens) and indirectly 

provide fresh air to the offices facing the atrium. Outward-facing offices are 

ventilated directly from outside by means of a motorized inner window which is 

situated behind an outer protective pane. This creates a 200mm ventilated cavity, 

which also contains a motorized blind. All of the offices have these motorized 

bottom-hinged windows which can be controlled both by the occupants and the SMS.  

The air change in the cavity increases with rising solar insolation on the facade. The 

sun heats the glass, the frame and the blinds, and the surrounding air is warmed by 

these surfaces and experiences uplift. The warmer the facade elements get compared 

to the surrounding air, the stronger the uplift effect, and the stronger the air 

circulation in the cavity. Consequently more heat is extracted from the surface of the 

blinds and the sun shading effect of the facade improves with increasing solar 

insolation.  

The design team envisaged that the motorized windows would provide effective 

means of ventilation for nearly 60% of the total hours of usage. In periods of bad 

weather, or excessive heat or cold, each 12-storey village is provided with its own 
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back-up air-handling unit to supply fresh air mechanically. These comprise supply 

and extract fans, thermal wheels, filters, cooling coils, heating coils, a humidifier, 

and fresh air/recirculation dampers. A mechanical air supply and exhaust system 

serves the central corridor zones of each storey at all times [8].  

2.3.8 Lighting 

German regulations stipulate that occupants should be no more than 7m away from a 

window. This has been achieved in the Commerzbank with 16.5m floorplates, which 

can be naturally lit and ventilated. Daylight is provided directly to the outside offices 

through the windows, and indirectly to offices facing the gardens that are lit both 

from the side and above (the atrium is also lit from the side).  

High-efficiency lighting can be dimmed in response to variations in daylight levels 

on both the external and atrium facades. Lights in corridors and offices are activated 

automatically by movement sensors.  

Each window incorporates a motorized blind for solar shading, permitting individual 

control of solar admittance. The blind, protected from the elements by the outer glass 

pane, can be operated safely up to wind speeds of 20m/s [8].  

2.3.9 Controls 

The BMS monitors numerous sensors and has full control over the internal climate 

system. It is operated according to the number of people in the building, the usage of 

the system and the outdoor climate. It can reduce the quantities of supply and exhaust 

air, and completely deactivate the air conditioning for parts of the building not being 

used. The computer determines the optimum position of the external suns hading and 

the motorized windows, in conjunction with the operation of the chilled ceilings, air 

conditioning and perimeter heating. The BMS is zoned into the 12-storey 'village' 

units and is informed by weather stations at four levels. The system monitors nine 

sensors in each of the internal gardens, adjusting temperatures and activating 

underfloor heating in these areas during cold weather.  

The control network also facilitates full occupant override when the external climate 

is appropriate, which is decided by the BMS in consultation with data describing the 
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external weather conditions. User intervention to vary heat, air and light permeability 

is provided by an enhanced light switch panel, with facilities for controlling not only 

the lights, but also temperature, window openings and blind positions. The individual 

room control units are linked over a bus network.  

2.3.10 Operating modes 

There are two ( figure 2.13 and figure2.14) principal building management options 

which vary throughout the day as well as throughout the seasons, i.e. even on a 

summer's day natural ventilation may be feasible until after lunch. The first operation 

mode is the artificial control of the building's climate, with windows controlled shut, 

air conditioning fully operational and cooling provided by chilled ceilings. The low 

energy option of natural ventilation involves the motorized opening of windows, and 

the deactivation of the air conditioning. Artificial heating and cooling is prevented in 

the low-energy mode [8].  

 

Figure 2.13: Winter Ventilation 
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Figure 2.14: Summer Ventilation 

2.4 Conclusion 

A properly designed intelligent passive solar commercial-type building will 

significantly reduce the need for the auxiliary energy systems used to heat, cool, or 

light the building and provide a more comfortable environment comparatively to the 

artificial systems.  

As it can be realized the building intelligence is more important for the commercial 

buildings where the cooling energy demand is more significant than the other energy 

share, such as heating because of the intensity of office appliances and high 

occupancy and large spaces. On the other hand cooling energy is becoming more and 

more important depending on global warming. Therefore passive solar intelligent 

buildings first should aim to reduce cooling energy need for the building  

This work suggests that there is a potential to reduce the energy consumption and 

resultant greenhouse gas emissions by reducing the need for air-conditioning in 

commercial buildings. 
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3. CALCULATION OF COOLING LOAD 

Cooling load is the rate at which heat must be removed from the space to maintain a 

constant space air temperature for human comfort. The sum of all space 

instantaneous heat gains at any given time does not necessarily (or even frequently) 

equal the cooling load for the space at that same time.  

Cooling and heating load estimates are the basis for designing the environmental 

control system for a building. Therefore, it is essential that a reasonably accurate 

prediction of the peak load and the time it occurs should be obtained for each room 

and zone and for the building. There are several methods that can be used to 

calculate building cooling load. ASHRAE (American Society of Heating, 

Refrigerating and Air-Conditioning Engineers) has developed a number of cooling 

load calculation procedures over the last twenty years  

The basic methodology for computing loads is the transfer function method (TFM) 

described in the 1997 ASHRAE Handbook Fundamentals. Alternative procedures, 

such as the cooling load temperature difference/cooling load factor (CLTD/CLF) 

method and the total equivalent temperature difference/time averaging (TETD/TA) 

method, are simplified approaches intended for hand calculation. They are all a 

simplified derivation of fundamental heat balance method [20].  

3.1 Calculation Techniques 

The heat balance approach is a fundamental concept in calculating cooling loads. 

While generally cumbersome for widespread or routine use, this underlying concept 

is the basis for each of the three simplified procedures outlined for varying purposes 

[20]. 
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3.1.1 Transfer Function Method 

The cooling calculation procedure most closely approximating the heat balance 

concept is the transfer function method (TFM). This procedure takes place in two 

steps, first establishing the heat gain from all sources and then determining the 

conversion of such heat gain into cooling load. Developed as an hour-by hour 

calculation procedure oriented to simulate annual energy use, its normalizing 

characteristics make it particularly appropriate for that application [20].  

In the transfer function concept, Mitalas and Stephenson used room thermal response 

factors. In their procedure, room surface temperatures and cooling load were first 

calculated by the rigorous method, for several typical constructions representing 

offices, schools, and dwellings of heavy, medium, and light construction. In these 

calculations, components such as solar heat gain, conduction heat gain, or heat gain 

from the lighting, equipment, and occupants were simulated by pulses of unit 

strength. The transfer functions were then calculated as numerical constants 

representing the cooling load corresponding to the input excitation pulses. Once 

these transfer functions were determined for typical constructions they were assumed 

independent of input pulses, thus permitting cooling loads to be determined without 

the more rigorous calculation. Instead, the calculation requires simple multiplication 

of the transfer functions by a time-series representation of heat gain and subsequent 

summation of these products, which can be carried out on a small computer. The 

same transfer function concept can be applied to calculating heat gain components 

themselves [20].  

The transfer function method (TFM) applies a series of weighting factors, or 

conduction transfer function (CTF) coefficients to the various exterior opaque 

surfaces and to differences between solair temperature and inside space temperature 

to determine heat gain with appropriate reflection of thermal inertia of such surfaces. 

Solar heat gain through glass and various forms of internal heat gain are calculated 

directly for the load hour of interest. The TFM next applies a second series of 

weighting factors, or coefficients of room transfer functions (RTF), to heat gain and 

cooling load values from all load elements having radiant components, to account for 

the thermal storage effect in converting heat gain to cooling load. Both evaluation 
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series consider data from several previous hours as well as the current hour. RTF 

coefficients relate specifically to the spatial geometry, configuration, mass, and other 

characteristics of the space so as to reflect weighted variations in thermal storage 

effect on a time basis rather than a straight-line average [20].  

Transfer Functions coefficients relate an output function at a given time to the value 

of one or more driving functions at a given time and at a set period immediately 

preceding. The CTF described in this chapter is no different from the thermal 

response factor used for calculating wall or roof heat conduction, while the RTF is 

the weighting factor for obtaining cooling load components [20].  

3.1.2 CLTD/SCL/CLF Method 

Rudoy and Duran compared the TETD/TA and TFM. As part of this work, data 

obtained by using the TFM on a group of applications considered representative were 

then used to generate cooling load temperature differential (CLTD) data, for direct 

onestep calculation of cooling load from conduction heat gain through sunlit walls 

and roofs and conduction through glass exposures. Cooling load factors (CLF) for 

similar one-step calculation of solar load through glass and for loads from internal 

sources were also developed. More recent research developed an improved factor for 

solar load through glass, the solar cooling load (SCL) factor, which allows additional 

influencing parameters to be considered for greater accuracy. CLTDs, SCLs, and 

CLFs all include the effect of time lag in conductive heat gain through opaque 

exterior surfaces and time delay by thermal storage in converting radiant heat gain to 

cooling load. This simplification allows cooling loads to be calculated manually; 

thus, when data are available and are appropriately used, the results are consistent 

with those from the TFM, thus making the method popular for instruction [20].  

3.1.3 Total Equivalent Temperature Differential Method 

In the total equivalent temperature differential (TETD) method, the response factor 

technique is used with a number of representative wall and roof assemblies from 

which data are derived to calculate TETD values as functions of sol-air temperature 

and maintained room temperature. Various components of space heat gain are 

calculated using associated TETD values, and the results are added to internal heat 
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gain elements to get an instantaneous total rate of space heat gain. This gain is 

converted to an instantaneous space cooling load by the time-averaging (TA) 

technique of averaging the radiant portions of the heat gain load components for the 

current hour with related values from an appropriate period of immediately preceding 

hours. This technique provides a rational means to deal quantitatively with the 

thermal storage phenomenon, but it is best solved by computer because of its 

complexity. Its fundamental weakness is that simple averaging of radiant load 

components is a poor approximation of the actual physics involved, and choosing an 

appropriate averaging period is subjective and depends on user experience [20].  

These three methods are well documented in ASHRAE Handbook Fundamentals, 

1997. 

3.2 Conclusion 

Due to the complexity of the calculating cooling load manually according to methods 

which are explained above, computer based building simulation tools can be used to 

speed up the process. Many simulation tools use these methods in their algorithms 

and provide accurate solutions to desired calculations. They assist the designers at 

the design stage saving time from heavy calculations based on complex equations of 

cooling load methods.  
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4. COMPUTER BASED BUILDING ENERGY PERFORMANCE                                        

SIMULATION 

4.1 Introduction 

Computer-based building simulation has continuously increased its application in the 

last decade and has become a widespread tool in design and control management 

contexts. With computer-based building simulation one can predict the thermal 

performance of buildings and can calculate the cooling, heating and electrical loads 

for buildings at the design stage.  

Simulation will help to understand how decisions made at the design stage affect the 

performance of the finalized building. Each parameter that has an effect on 

performance can be analyzed carefully with attention. With building simulation, the 

designer would be provided with the information of the expected building energy 

consumption and also the comfort conditions in the building. Simulation can be used 

to compare the performance that can be expected from different design strategies to 

minimize the energy consumption and the best solution can be obtained. It will 

contribute the energy efficiency without sacrificing the comfort. 

4.2 Modelling 

The thermal interactions between a building and its environment are complex 

because of several sub-systems interacting with the each other. Continuous energy 

transfer processes take place among the building’s inter-connected parts such as 

rooms, walls, windows, duct linings, etc. This complexity comes from the dynamic 

behaviour of the system responding to the instant changes [21]. Basically, the 

building envelope transmits heat to and from the inside and outside environments. 

Modelling a building properly requires that a simulation program adequately 

addresses fundamental heat transfer processes such as conduction through the solid 
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materials in the building envelope, convection between the envelope and the 

surrounding air, and radiation between the envelope and the inside and outside 

environments. Highly nonlinear equations are thus necessary to represent inter-

related energy exchanges among the building parts and most of them are dependent 

not only on the material properties of the envelope but also the inside and outside 

environmental conditions [22]. 

Forward modelling starts with detailed description of the system being modelled and 

establishes the building model based on a physical description. A reliable energy 

performance assessment requires the use of complicated algorithms. For the 

advanced modelling and calculations, the building location, geometry, construction 

details, orientation of walls and windows, occupancy, local climate, operating 

schedules, HVAC system type, etc. are the required input information that affects 

energy flow in buildings. Figure 4.1 shows the main elements of building energy 

simulation and the interactions between them [23].  

 

Figure 4.1: Typical Flow Paths [24] 
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The passive system parameters which are explained in chapter two such as building 

form, orientation or glazing design have substantial influence on the building energy 

requirements. They should be decided with much consideration. For instance, 

increasing the window size will increase conduction losses/gains (increasing 

heating/cooling loads), increase solar gains (reducing heat loads and increasing 

cooling loads) and increase daylight (reducing lighting loads and therefore cooling 

loads and possibly increasing heating loads). If energy efficient solutions are 

intended, the balance of such considerations must be found. Simulation tools would 

offer an interactive way to determine optimum solution.  

Moreover, as computer technology evolved, the real world could be more 

realistically represented by means of simulation. A more precise estimation of 

building energy consumption and indoor air quality could be accomplished. Such 

advances are encouraging the use of computer simulation in a variety of areas. For 

example, computer simulation can help with the establishment of codes of practice, 

aid professionals working on technology transfer and assist building practitioners to 

understand physical phenomena in order to achieve good practice. Computer 

simulation can be employed to check the application of new technologies (for 

example, new materials, advanced control systems, etc.). Consequently, energy 

efficient standards can be enhanced since building energy requirements can be more 

accurately determined. Legislations can thus be constantly revised based on the 

simulation analysis enforcing better practice at the design stage. 

4.3 Simulation Tools 

Nowadays, design tools are available to analyze the thermal behaviour of buildings 

in detail and give recommendations for design strategies. The most well-known ones 

are BLAST, DOE-2, TRNSYS, ENERGYPLUS, and ESP-r.  

BLAST (Building Loads Analysis and System Thermodynamics) performs hourly 

simulations of buildings, air handling systems, and central plant equipment in order 

to provide accurate estimates of a building's energy needs to mechanical, energy and 

architectural engineers. The zone models of BLAST, which are based on the 

fundamental heat balance method, are the industry standard for heating and cooling 
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load calculations. BLAST output may be utilized in conjunction with the LCCID 

(Life Cycle Cost in Design) program to perform an economic analysis of the 

building/system/plant design [25].  

DOE-2 is an hourly, whole-building energy analysis program calculating energy 

performance and life-cycle cost of operation. It can be used to analyze energy 

efficiency of given designs or efficiency of new technologies [25].  

TRNSYS is an energy simulation program whose modular system approach makes it 

one of the most flexible tools available. TRNSYS includes a graphical interface, a 

simulation engine, and a library of components that range from various building 

models to standard HVAC equipment to renewable energy and emerging 

technologies. TRNSYS also includes a method for creating new components that do 

not exist in the standard package. This simulation package has been used for more 

than 25 years for HVAC analysis and sizing, multizone airflow analyses, electric 

power simulation, solar design, building thermal performance, analysis of control 

schemes [25].  

ENERGYPLUS is a new generation building energy simulation program that builds 

on the most popular features and capabilities of BLAST and DOE-2. EnergyPlus 

includes innovative simulation capabilities including time steps of less than an hour, 

modular systems simulation modules that are integrated with a heat balance-based 

zone simulation and input and output data structures tailored to facilitate third party 

interface development. Other planned simulation capabilities include multizone 

airflow, and electric power simulation including fuel cells and other distributed 

energy systems [25].  

ESP-r is an integrated modelling tool for the simulation of the thermal, visual and 

acoustic performance of buildings and the assessment of the energy use and gaseous 

emissions associated with the environmental control systems and constructional 

materials. In undertaking its assessments, the system is equipped to model heat, air, 

moisture and electrical power flows at user determined resolution. The system is 

designed for the Unix operating system, with supported implementations for Solaris 

and Linux, and is made available at no cost under an Open Source licence [25]. 
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For the present study simulation tool TRNSYS is chosen for the calculations due to 

its flexible nature. TRNSYS will be explained below in detail 

4.4 TRNSYS program overview 

TRNSYS simulation tool is used in the present study for modelling the system and 

calculating the results. TRNSYS is an acronym for a ‘transient simulation program’. 

It is originally developed in 1972-73 by the University of Wisconsin Madison Solar 

Energy Lab and the University of Colorado Solar Energy Applications Lab and 

became available since 1975. It is written in FORTRAN language [26].  

It has a modular structure for detailed analysis of all types of active or passive solar 

systems. Each module contains a mathematical model for a system component. The 

TRNSYS engine calls the system components based on the input file and iterates at 

each time-step until the system of equations is solved [26].  

Each component described by a FORTRAN subroutine is associated with a TYPE 

number, which identifies the components function and a UNIT number which 

distinguishes the component from all similar components in a system. The file 

containing the system description is called DECK. External data files, i.e. weather 

data, can be assigned to the simulation in the DECK [26].  

A component receives three types of information: INPUTS, PARAMETERS and 

TIME. INPUT variables may vary with time and are generally OUTPUTS from other 

components. [2] PARAMETERS are assumed to not vary throughout the whole 

simulation. Time is a TRNSYS internal variable and is neither an INPUT nor a 

PARAMETER. The information flowing out of a component is called OUTPUTs 

[26].  

The level of detail of a simulation depends on the components which are used in a 

system. A user must present all the components needed to satisfy the required detail 

of a simulation. Mathematical descriptions of many components of a system are 

given in different chapters of the software manual. For others the user has to 

formulate own mathematical description in FORTRAN language subroutines 

compatible with the program [26].  
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TRNSYS provides different models to simulate the thermal behaviour of a building. 

In a very simple Degree-Day model (TYPR 12), the building is represented by a 

single conductance for heat gain or loss along with any additional gains due to solar, 

people, appliances, light, etc. This is a rather quick estimation of energy balance and 

often provides an adequate result. A more detailed method is offered by the one-zone 

model (TYPE 19) where all the structural components are modelled according to the 

ASHRAE transfer function approach. The most accurate way to calculate the energy 

balance of a building is by Multi-Zone model. This method calculates the heat 

transfer between the zones (up to 25) by solving the coupled differential equations 

using matrix inversion techniques. The walls, ceilings and floors are modelled based 

on the ASHRAE transfer function approach. Moisture balances are performed in 

addition to the energy balances. TYPE 56 represents a non-geometrical building 

model. In general, the following inputs are needed: ambient temperature, ambient 

humidity ratio, incident radiation for each existing orientation of external surfaces, 

incident beam radiation for each existing orientation of external surfaces, incident 

angle for each existing orientation of external surfaces, the orientation of external 

surfaces and the volume and capacity of a thermal zone, other specific inputs, i.e. for 

control [26].  

Due to the complexity of a multi-zone building the parameters of TYPE 56 are not 

defined directly in the TRNSYS input file. An interactive input program PREBID 

(figure 4.2) can be used to describe the characteristics of the building walls and 

windows and data like ventilation, infiltration, gains, heating mode and cooling 

mode. Then, the 3 output files are generated. One file (*.trn) contains the transfer 

functions for the walls, second file (*.bld) contains the remaining building 

description and a third file (*.bui) contains information for user. The first two output 

files are used as parameters by TYPE 56 in the actual TRNSYS DECK [26]. 
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Figure 4.2: Snapshot of Prebid  

IISiBat, which can be roughly translated from French as "Intelligent Interface for the 

Simulation of Buildings," is a general simulation environment program that has been 

adapted to house the TRNSYS simulation software. IISiBat has an integrated 

preprocessing utility that allows the TRNSYS user to graphically create TRNSYS 

input files by connecting inputs and outputs of icons that represent TRNSYS 

components (figure 4.3).  
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Figure 4.3: Snapshot of IIsibat 

The information flow diagram in IIsibat is a schematic representation which all 

components are interconnected in a system. The main IISiBat window contains many 

icons represents a different system component (e.g., Fan Coil, shading device, solar 

collector, etc.) with lines connecting them. All the required input information is 

shown as an arrow directed into it and information calculated, output, as an arrow out 

of it. The user drags the necessary icons into the Assembly Window then creates 

links between the components. The lines connecting the icons represent the pipes and 

wires that connect the physical components. The components contain all the 

parameters, inputs and output of the component. Each input to a component must be 

matched to an output of another component, a constant or a variable defined by an 

equation. The output can be used as an input to any other components, including the 

component itself.  
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With a program such as TRNSYS, the entire problem of system simulation reduces 

to a problem of identifying all the components that comprise the particular system 

and formulating a general mathematical description of each.  
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5.2 Description of Case Study Building 

The building, which is taken as a case study in the present work is a new building 

and is going to be built in Scharnhauser Park, Germany. Scharnhauser Park is located 

in the city Ostfildern, which lies south-eastern of the German federal state Baden-

Württemberg’s capital city Stuttgart. It is one of the development areas of major 

housing project- POLICITY. The area is shown in figure 5.1 and planning to be built 

by the year 2008. It will accommodate around 10.000 people [27]. 

 

Figure 5.1: View of the Scharnhauser Park [28] 

The building has been designed for the company Elektror by architect Ralf del 

Bianco. It has three different parts: office, laboratory and production units. Office 

part consists of five floors, which are nearly identical. It is connected to production 

unit on the ground floor and the first floor levels. Laboratory unit has only one floor 

and has a special interior climate for experimental works. It doesn’t have a direct 

connection to the office part. Production unit consists of two floors with an atrium. 

Whole building is on top of underground garage. An extra floor for both office part 

and production part might be constructed in the future. East view of the building with 

possible future developments can be seen in figures 5.2.  
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Figure 5.2: East View of the Case Study Building 

The ground floor and the first floor of office building are separated from production 

part with an internal wall on the north, northeast and northwest sides. A door in each 

floor connects two parts. Starting from second floor, the building is in direct contact 

with outside environment from all sides. Figure 5.3 and figure. 5.4 show the plan of 

the ground floor and the second floor. 

 

Figure 5.3: Ground Floor 
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Figure 5.4: Second Floor 

The plans of the ground floor, first floor, second floor and third floor are very 

similar. They have almost square shape with round corners. Open plan offices are 

distributed along the external walls. Stairs, elevators and restrooms are located on the 

centre. Forth floor is planned as a cafeteria. It also has office rooms and a seminar 

room. Each floor has a floor area of 492m2. The north and south elevations are given 

in figures 5.5 and 5.6.  

 

Figure 5.5: North View 

For the estimations carried out in this thesis only office part is considered and 

studied, since they represent a growing trend in the construction industry. Office 
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buildings are mostly required to be air-conditioned due to high internal loads and 

consumes significant amount of energy.  

 

Figure 5.6: South View (Office Part) 

5.2.1 Simulating building with TRNSYS 

Because of the complexity of defining building parameters directly in TRNSYS 

TYPE56 multi-zone building component, interactive Prebid environment was used 

instead. The inputs, which are required for defining the building such as 

characteristics of the building walls and windows and data like ventilation, 

infiltration, gains, heating mode and cooling mode were collected, calculated and 

entered to the program. The desired outputs were also selected. 

The Building is accepted as one zone since the all floors are nearly identical. The 

building is schematically illustrated in the figure 5.7. Ground floor, which is shown 

as number 0 in the figure is accepted at a boundary condition of 18 oC with 

underground garage shown as number 6. Also the production part, which is shown as 

number 5, is accepted at adiabatic with the office part.  
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5. AN APPROACH TO PASSIVE SOLAR INTELLIGENT BUILDING                             

DESIGN 

Passive solar intelligent building design is a whole concept, which is starting from 

site planning and extending to the material selection and automation of its passive 

control systems. It is summarized in the introduction. In this chapter, passive solar 

strategy is proposed for a case study building. 

5.1 Introduction  

Intelligent buildings have gained an increased popularity among architects, designers 

and engineers in the last decade. As it is explained in the previous chapters most 

people concern the buildings that are equipped with the high-tech products and a 

complex building management system as intelligent buildings. This definition misses 

the essence of intelligent building concept. A true intelligent building should be 

environmentally conscious and minimize the energy consumption while still 

providing comfort to its occupants. It should benefit from natural sources. These 

aims can not be achieved only application of a complex management system to the 

building. It can only provide a modern comfortable atmosphere to occupants but 

can’t contribute the energy efficiency much. Application of building management 

systems should be only the final step of intelligent building design. A true intelligent 

building design should start out at the early design stage and concern the surrounding 

environment of the building. To ensure these fundamental aims, intelligent buildings 

must be supported by passive solar architectural techniques. 

This chapter describes an approach in order to design a true passive solar intelligent 

building. It proposes an alternative to conventional design strategies. The proposed 

approach is defined with a case study application in this study. Therefore, before the 

definition of the approach the case study building is going to be described first as 

follows. 
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Figure 5.7: Schematic view of the building  

Each floor is constructed from same type of walls and glazing. Six types of wall are 

used in the building in total. Walls are defined based on the technical drawings using 

the material list in TRNSYS. For insulation levels, the German building regulations 

are followed. The overall U-values of each wall is calculated by TRNSYS using 

default convective heat transfer coefficients for inside: 11 kJ /h m² K and for outside: 

64 kJ /h m² K. 

The details of the external walls, internal heavy walls, internal light walls, floor 

,ceiling and flat green roof can be seen in Table 5.1, 5.2, 5.3, 5.4, 5.5 and 5.6 

respectively.  

For the external walls, special aluminium surface covering products were intended to 

use by the architect. However, in this work it is defined by a combination of an air 

gap and a common aluminium layer. 
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Table 5.1: External Wall 

Table 5.2: Internal Wall - Heavy 

Internal  Walls - Heavy 
Thickness Conductivity Specific heat Density

Layers [m] [kJ/hmK]          [W/mK] [kJ/kgK] [kg/m3]
Gypsum Plaster 0.015 1.26 0.35 1 1200 
Light Concrete 0.15 2.52 0.7 1 1300 
Insulation 0.02 0.11 0.03 1.25 20 
Gypsum Plaster 0.015 1.26 0.35 1 1200 
U-value 0.889W/m2K 

Table 5.3: Internal wall- Light 
Internal  Wall_Light 

Layers 
 

Thickness 
[m] 

Conductivity 
[kJ/hmK]     [W/mK] 

Capacity 
[kJ/kgK] 

Density 
[kg/m3] 

Plastercard 0.012 0.76 0.21 1 900 
Mineral 
Wool 0.1 0.14 0.03 0.9 80 

Plastercard 0.012 0.76 0.21 1 900 
ll U-value 0.35W/m2K 

 

 

 

 

 

 

External Wall 
Thickness  Conductivity Specific heat Density Layers 

[m] [kJ/hmK]     [W/mK] [kJ/kgK] [kg/m3] 
Light Concrete 0.2 2.52 0.7 1 1300 

Insulation 
Polystyren 0.09 0.11 0.03 1.25 20 

Air Gap Resistance: 0.047 hm2K/kJ 
Aluminum 
Cladding 0.005 720 200 3.43 2700 

U-value 0.280 W/m2K 
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Table 5.4: Floor  

Floor  

Thickness Conductivity Specific 
heat Density Layers 

[m] [kJ/hmK]      [W/mK] [kJ/kgK] [kg/m3] 
Natural Stone(Granite) 0.005 1.26 0.35 1 2800 
Lime Cement Mortar 0.002 3.13 0.87 1 1800 
Plaster Underfloor 0.005 1.69 0.47 1 1400 
Insulation 0.09 0.11 0.03 1.25 20 
Common Concrete 0.02 7.56 2.1 1 2400 
U-value 0.310 W/m2K 

Table 5.5: Ceiling 

Ceiling 
Thickness Conductivity Specific heat DensityLayers 

[m] [kJ/hmK]   [W/mK] [kJ/kgK] [kg/m3]
Common Concrete 0.15 7.56 2.1 1 2400 
Insulation 0.01 0.11 0.03 1.25 20 
Lime Cement Mortar 0.01 3.13 0.87 1 1800 
Ceramic 0.008 4.32 1.2 1 2000 
U-value 1.704 W/m2K 

In the architectural design it was planned to use a green roof for the building. In the 

present work it is modelled with using a proper insulation, aluminium cladding and 

soil together.  

Table 5.6: Roof 

Roof 
Thickness Conductivity Specific heat Density Layers 

[m] [kJ/hmK]    [W/mK] [kJ/kgK] [kg/m3] 
Common 
Concrete 0.15 7.56 2.1 1 2400 

Light Concrete 0.05 2.52 0.7 1 1300 
Insulation 0.12 0.11 0.03 1.25 20 
Aluminum 
Cladding 0.005 720 200 3.43 2700 

Soil 0.15 0.9 0.25 0.89 1600 
Overall U-
Uvalue 0.207 W/m2K 
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For window system, different options are used from the TRNSYS library to see the 

effect of glazing type on energy efficiency of building. 

Working Hours: The office building is accepted to be occupied typically from 

08:00 to 18:00 during only weekdays.  

Internal Gains: For internal gains from people, gain for person is chosen from the 

TRNSYS gain list according to ISO 7730 as 120W/person as seated and doing light 

work. Gain from computers is also chosen from TRNSYS list as 230W PC with 

colour monitor, per computer. For the artificial lighting system, the power densities 

are assumed to be 5 W/m2 with a 30% convective part. 

Infiltration: Infiltration rate for air leakage is assumed to be 0.1ach 

Ventilation: Ventilation rate is assumed to be 0.6 ach during occupied hours 

Heating system: First of all, the transmission heat losses are minimized. The 

external walls, roof, floor are very well insulated. Heating system is on whenever the 

heating is needed (November-April term). Set temperature of heating system is taken 

as 20 oC between 07:00-18:00 hours and 15 oC between 18:00-07:00 hours in the 

weekdays. Heating system is off during weekends. Further, the ventilation heat loss 

is reduced by an heat exchanger (effectiveness= 0.85) which preheats the ventilation 

supply air. 

Cooling System: Cooling system is on in the cooling season of the year which is 

June-July-August term (between 3625-5832 hours of the year) between 08:00-18:00 

hours during weekdays. Set temperature of cooling system is assumed to be 24 oC 

whenever the cooling system on. The system is off during weekends.  

The area of each wall according to direction and position is calculated as necessary 

inputs to simulation. Geometric properties of office building including the number of 

computer used and number of occupancy are summarized in the table 5.7 below. 
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Table 5.7: Properties of office building 
Office Building       

Zone Volume (m3) 7632     

Directions 
Total area  

(m2) 
Window area 

(m2) 
Wall area 

(m2) 
S 242,5 155 87,5 
E 307 197 110 
N 85,5 52,5 33 
W 229 146,5 82,5 
SE 217,5 140 77,5 
SW 174,5 112 62,5 
NE 87 54 33 
NW 81 49,5 31,5 

Internal _light 
wall area (m2) 500     
Internal _heavy 
wall area (m2) 500   
Internal _heavy 
boundary wall 
area (m2) 126   
Floor area (m2) 492     
Roof area (m2) 492     
Ceiling area(m2) 3936     
Net area  for 
lighting (m2) 2385   
Number of People 160   
Number of 
Computers 141   

Perebid saves the information about the building as *.bui file and also calculates the 

ASHRAE transfer functions for walls which are required by the TYPE56 as *.trn 

file. One of the Prebid output file of this case study simulation can be seen in 

Appendix A as an example. 

After generating these two file for the case study building in Prebid they were 

assigned to TYPE 56 multi zone component of TRNSYS using IIsibat environment.  

In the IIsibat environment the following components, which are necessary to 

simulate the building are connected together. 

TYPE 9b: The Type 9b is a Data Reader. It reads the data from an external file with 

specified at regular time intervals converts it to a desired system of units, and makes 

it available to other TRNSYS components as time-varying forcing functions. In the 

present work type9b is used to read the weather data file. [26] 
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TYPE 16e: The TYPE 16e is a Solar Radiation Processor. It takes the Direct and 

diffuse Horizontal Radiation variables as inputs from Type 9b and calculates the total 

and beam Radiation on each of the 9surfaces used on this project (horizontal, vertical 

facing north, vertical facing east, vertical facing west, vertical facing south, vertical 

facing north west, vertical facing north east, vertical facing south east, vertical facing 

south west). [26] 

TYPE 69b: This component determines a fictive sky temperature as an output, 

which is used to calculate the long-wave radiation exchange between an arbitrary 

external surface and the atmosphere. [26] 

TYPE 33: This component is called as psychometrics. It calculates humidity ratio, 

wet bulb temperature, enthalpy, density of the air-water mixture, density of dry air 

only, relative humidity (as percentage), dry bulb temperature and dew point 

temperature depending on the inputs it takes. [26] 

TYPE 2d: Type 2d is a differential controller. It generates a control function which 

can have a value of 1 or 0.  The value of the control signal is chosen as a function of 

the difference between upper and lower temperatures Th and Tl, compared with two 

dead band temperature differences DTl and DT [26]l.  

TYPE 91: This component is a zero capacitance sensible heat exchanger which is 

modelled as a constant effectiveness device that is independent of the system 

configuration.  For the constant effectiveness mode, the maximum possible heat 

transfer is calculated based on the minimum capacity rate fluid and the cold side and 

hot side fluid inlet temperatures. 

TYPE 56: The TYPE 56 is the Multi-Zone Building Model which models the 

thermal behaviour of a building having up to 25 thermal zones. The building 

description files which are generated by Prebid are read by this component. [26] 

Inputs and outputs of the TRNSYS components below are connected in order to 

simulate building. Results are obtained from the output files of TRNSYS and 

analyzed. [26] 
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5.3 Definition and Application of the Approach 

The energy performances of buildings depend on multiple building and 

environmental parameters, as explained in the Chapter 2. Firstly, climatic parameters 

(solar radiation, temperature difference inside-outside, average outdoor temperature 

range), building characteristics (location, orientation, form, envelope, thermal inertia 

of the building and convective heat transfer between ventilation air and thermal 

mass) and technical parameters (cooling or heating type, ventilation type and rate and 

control strategy) are the most important parameters. The proposed approach is 

composed of the following actions, which are taken in this study to achieve a good 

thermal summer comfort and energy efficient real intelligent building. These actions 

are applied to the case study building described above to improve its energy 

performance and intelligence factor. 

5.3.1 Climate Analyze 

Passive solar intelligent building design should start with climate analyze. The 

amount of energy used in a building is a direct result of the climate. In most climates 

any attempt to ensure thermal comfort by passive means would reduce the need for 

active systems. Without knowing the temperature, solar radiation, wind velocity, 

humidity, precipitation, cloud cover, sunshine duration etc., it is not possible to 

design a building that is energy efficient without being wasteful of resources. 

Furthermore, the requirements of the passive solar design can be different for 

different climatic regions such as cold, mild, hot-humid and hot-dry. In a cold 

climate, or in the winter of temperate climate, passive solar heating, good insulation 

and careful control of air infiltration would reduce the heating requirements. In a hot-

dry climate the massive building, evaporative cooling and good shading may succeed 

in ensuring comfort. So the designer should be aware of the climate of the 

construction area [29]. 

In the present work case study building is located in the Stuttgart, Ostfildern. 

Stuttgart is located at the latitude 48o 46’- N and longitude 09o 10’- E. It has a 

moderate climate with warm summers, mild winters and an average annual rainfall of 

700 millimetres. Temperatures range from around 1 oC in January to 20 oC in July 
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and August. The average annual temperature is 10 oC. However, it is quite possible 

that the temperature in winter will go far below freezing-point. [30] 

In order to analyze the thermal performance of the case study building in detail, 

hourly values of the weather data for Stuttgart are needed. The hourly weather data 

file is generated by the program, named Meteonorm. Meteonorm is a global 

climatological database combined with a synthetic weather generator. The outputs 

are climatological means as well as time series of typical years for any point on 

earth. From the monthly values (station data, interpolated data or imported data), 

Meteonorm calculates hourly values of all parameters using a stochastic model. The 

resulting time series correspond to typical years used for system design. 

Additionally, the following parameters can be derived depending on the needs: 

height of sun, diffuse radiation, beam radiation, longwave radiation, global radiation, 

direct radiation, solar azimuth and elevation, luminance, spectral UVA/UVB, driving 

rain...etc. For the TRNSYS calculations, hourly values of beam and diffuse radiation 

on horizontal surface, ambient temperature, wind velocity and relative ambient 

humidity over a year are calculated. Hourly values over first 24 hours of the year can 

be seen in the table 5.8 as an example [31]. 
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Table 5.8: Hourly values of climate data (January) 

Hour 
Beam radiation 
on horizontal 

[kJ/h m²] 

Diffuse 
radiation on 
horizontal 
[kJ/h m²] 

Ambient 
temperature 

[°C] 

Wind 
velocity 

[m/s] 

Relative 
ambient 
humidity 

[%] 

1 0 0 -3,9 3 86 
2 0 0 -3,8 2,6 85 
3 0 0 -4,1 2,3 87 
4 0 0 -4,2 2,6 88 
5 0 0 -4,3 2,6 89 
6 0 0 -4 2,7 87 
7 0 0 -4,3 2,4 88 
8 0 0 -4,5 3 91 
9 0 31 -3,6 2,7 86 
10 170 165 -2,7 3,6 81 
11 183 349 -2,1 3,4 79 
12 552 512 -1,1 3,2 73 
13 152 471 -0,1 3,6 69 
14 88 458 0,4 3,8 67 
15 43 324 1 3,4 65 
16 0 123 1,3 4,2 65 
17 0 0 1,2 3,6 66 
18 0 0 0,3 4 71 
19 0 0 -0,5 3,4 76 
20 0 0 -0,9 3,6 78 
21 0 0 -1,2 3,6 81 
22 0 0 -1,7 3 85 
23 0 0 -2,6 2,6 91 
24 0 0 -2 2,4 89 

5.3.2 Site Planning 

The second step of passive solar intelligent building design is analyzing site and 

determination the best site for construction in the area.  

Site analysis is a predesign research activity, which focuses on existing and potential 

conditions on and around the building site. It is an inventory of the site factors and 

forces, and how they coexist and interact. The purpose of the analysis is to provide 

thorough information about the site assets and liabilities prior to starting the design 

process. Only in this way concepts can be developed that incorporate meaningful 

responses to the external conditions of the site [13]. 

The typical site analysis includes the site location and size, neighbourhood context, 

zoning, legal aspects, geology, physiography (natural and man-made features), 

hydrology, soils, vegetation, wildlife, climate, culture, pedestrian and vehicular 
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circulation, access, utilities, historic factors, density, sensory stimuli, and any other 

factor deemed appropriate for the particular site. 

An understanding of these issues is important in designing a successful building that 

not only meets its internal responsibilities, but also relates well to its external 

environment. The building should last for many years, so the analysis of the site 

should take into account the site's existing and future problems and capabilities. [32]. 

The present case study building was already planned. So we had no control on the 

site planning to determine the best area for construction. But when the present site 

plan in figure 5.8 of the building is examined, it was seen that building has no 

obstructions in the surrounding area. That means it has a good access to the sun for 

winter period. For the screen of the summer sun, proper shading devices should be 

proposed for the facades of the building in order to prevent overheating. 

 

Figure 5.8: Site Plan of the Case Study Building 

5.3.3 Form of Building 

Form of the building has a significant effect on energy conservation. It includes 

parameters concerning buildings such as surface to volume ratio, height of building, 

type of roof, slope of roof…etc. It differs depending on the climate type [16].  
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To minimize the losses and gains through the skin of a building a compact shape is 

desirable especially for cold and mild climates as the case study building is located 

in. Reducing surface area often cuts construction cost, too.  The most compact 

orthogonal building would be a cube. This configuration, however, may place a large 

portion of the floor area far from perimeter daylighting. Contrary to this, a building 

massing that optimizes daylighting and ventilation would be elongated so that more 

of the building area is closer to the perimeter. While this may appear to compromise 

the thermal performance of the building, the electrical load and cooling load savings 

achieved by a well-designed daylighting system will more than compensate for the 

increased skin losses [33]. 

Interior space planning affects the distribution and effectiveness of daylighting, 

natural ventilation and passive solar gains. The design of the interior must ensure that 

light and air reach the largest area possible, requiring careful design of interior 

spaces and partitioning. The color and shape of interior surfaces has a major impact 

on the distribution and quality of daylight. Their design must be carefully 

coordinated with that of the windows and skylights [34]. 

The case study building (office part) has a compact square form with round corners. 

Frequently used spaces like office rooms are distributed along the external walls to 

get more benefit from daylighting. Rooms that benefit little from sunlight, such as 

stairs, elevators and restrooms are located on the centre. The transparency ratios on 

the differently oriented facades are identical. Since the aim of the study is not 

improving the architectural design, the transparency ratio has not been considered to 

be changed. Otherwise the affect of the different transparency ratios for differently 

oriented facades should be examined according to the occupants’ requirements and 

energy saving rules. The form and plan type of the building and transparency ratio 

are not examined in this study and it is accepted as designed by the architect, 

however we know that they are the important parameters for passive solar design if 

we had chance to design the building from the beginning . 

5.3.4 Building Envelope 

The building envelope is the most critical component of any facility since it both 

protects the building occupants and plays a major role in regulating the indoor 
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environment. Consisting of the building's roof, walls, windows, doors…etc, the 

envelope controls the flow of energy between the interior and exterior of the building 

[35]. The building envelope can be considered the selective pathway for a building to 

work with the climate-responding to heating, cooling, ventilating, and natural 

lighting needs [36]. 

On urban sites where optimal orientation, forming and landscaping are difficult, the 

building envelope provides the greatest opportunity to conserve energy as being 

under control of the designer. The envelope must balance requirements for 

ventilation and daylight while providing thermal and moisture protection appropriate 

to the climatic conditions of the site. 

In the present case study, building envelope has been studied under transparent 

components and opaque components title. It has been especially focused on 

transparent component and their influences on thermal energy performance. 

5.3.4.1 Opaque Components 

As explained in chapter 2, thermal resistance or inversely U value of the opaque 

components like walls, roofs, floor...etc are very important for thermal behaviour and 

energy performance of a building. Therefore the required values for U coefficient are 

usually described by the energy conservation regulations. So in the beginning of the 

design process of a passive solar intelligent building, the proper types of opaque 

components, which will ensure the regulations, should be selected.  

In this study since the case study building is in Stuttgart, for the selection of opaque 

component types, German regulations has been followed and thus, opaque 

components of the case study building were selected as they are described in table 

5.1, 5.2, 5.3, 5.4, 5.5.and 5.6. For the building envelope only transparent parts are 

changed for the studied alternatives and they are assumed as composed of different 

glazing types and the selected opaque component details are same for all these 

glazing types.  
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5.3.4.2 Transparent Components 

Building's window system -especially for commercial buildings- can play an 

important role in reducing heating, cooling, and lighting needs. Glazing systems have 

a huge impact on energy consumption, and glazing modifications often promise great 

energy improvements in buildings.  

For energy efficiency, it is indented to maximize solar heat gain in winter and 

minimize it in summer. It should also maximize daylighting to reduce lighting loads, 

In order to achieve this aim, the proper glazing type necessary for each building 

should be selected to control solar heat gain. High-performance, energy-efficient 

window and glazing systems are now available. They can dramatically cut energy 

consumption and help reducing environmental pollution [35].  

Solar radiation (including both direct rays from the sun and diffuse rays from the sky, 

clouds, and surrounding objects) incident on fenestration is partly transmitted and 

partly reflected by the glazings of that system. An additional fraction is absorbed in 

the glazings and/or the coatings on their surfaces. The fraction of incident flux that is 

reflected is called the reflectance ρ, the fraction absorbed is called the absorptance α, 

and the fraction transmitted is the transmittance τ. The sum of these three terms is 

unity, or  

ρ+ α+ τ=1 

The optical properties transmittance, reflectance, and absorptance are distinguished 

from the related quantities transmissivity, reflectivity, and absorptivity, as follows. 

The “-ivity” ending refers to the inherent properties of a bulk sample of material. The 

“-ance” ending refers to the property of a specific thickness or sample of a substance 

or combination of substances [20]. 

Thus, the reflectivity of a material is the fraction of flux incident upon the polished 

surface of an infinite slab of that substance that is reflected. If the substance is 

formed into a parallel plate with polished surfaces a fixed distance apart, the 

reflectance of the particular plate may be determined. Often only the portion of the 

reflectivity of a polished surface due only to reflection from the interface is 

considered, as if the volume of material below the interface returns none of the 

(5.1) 
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incident radiation to the surface. The transmissivity of a substance can be defined as 

the fraction of flux transmitted inside the substance per unit length along a ray of 

propagation. Once the substance is made into a parallel plate with polished sides, it 

can have an overall transmittance. The absorptivity of a material is correspondingly 

the absorptance per unit length. A parallel plate of the material can have an overall 

absorptance [20]. 

Optical properties of glazing change with incidence angle θ (defined as the angle 

between the rays incident on the glazing and the normal (perpendicular) to the 

glazing). In most cases this selectivity does not depend strongly on wavelength. 

Figure 5.9 shows how solar-optical properties vary with incident angle for typical 

uncoated glazing materials. As the incident angle increases from zero, the 

transmittance diminishes, reflectance increases, and absorptance first increases 

because of the lengthened optical path and then decreases as more incident radiation 

is reflected [20]. 

 

Figure 5.9: Variations with Incident Angle of Solar-Optical Properties for (A) 
Double-Strength Sheet Glass, (B) Clear Plate Glass, and (C) Heat-Absorbing Plate 
Glass [20] 

There are some major characteristics to determine the energy performance of 

glazing. They are window U-value, window solar heat gain coefficient (SHGC) and 

glass visible transmittance (Tvis). For specific aesthetic and performance objectives 

Tints (colors) and Coatings can also be described [37]. 
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Overall Heat Transfer Coefficient (U-Value) 

U-value indicates the rate of heat flow due to conduction, convection, and radiation 

through a window as a result of a 1oC temperature difference between the inside and 

outside. The higher the U-factor the more heat is transferred through the window. 

The unit of U-value is W/m2K or Btus per hour per square foot per °F (Btu/hr · ft² · 

°F) [37].   

U-values usually range from a high of 1.3 (for a typical aluminium frame single 

glazed window) to a low of around 0.2 (for a multi-paned, high-performance window 

with low-emissivity coatings and insulated frames) [37]. 

Solar Heat Gain Coefficient (SHGC) 

The ability to control heat gain through windows is measured in terms of the solar 

heat gain coefficient. It is the ratio of the solar heat gain entering the space through 

the glazing product to the incident solar radiation. Solar heat gain includes directly 

transmitted solar heat and absorbed solar radiation which is then reradiated, 

conducted or convected into the space [37]. 

SHGC indicates how much of the sun's energy striking the window is transmitted 

through the window as heat. As the SHGC increases, the solar gain potential through 

a given window increases. 

Solar heat gain coefficients depend on solar incident angle and spectral distribution. 

It is the fraction of incident irradiance that enters the glazing and becomes heat gain. 

It includes both the directly transmitted portion and the absorbed and re-emitted 

portion [20] 

qi = Ei.SHGC 

The SHGC is needed to determine the solar radiant heat gain through a window’s 

glazing system.  

Because the optical properties vary with angle of incidence θ, the solar heat gain 

coefficient is also a function of angle of incidence. 

(5.2) 
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The SHGC is a ratio between 0 and 1. SHGC = 0 means none of the incident solar 

gain is transmitted through the window as heat and SHGC = 1 means all of the 

incident solar energy is transmitted through the window as heat. 

Typically, windows with low SHGC values are desirable in buildings with high air-

conditioning loads while windows with high SHGC values are desirable in buildings 

where passive solar heating is needed [20]. 

Visible Transmittance  

Visible Transmittance Tvis indicates the percentage of the visible portion of the solar 

spectrum that is transmitted through a given glass product. 

Sunlight is an electromagnetic form of energy exchange between the sun and the 

earth. It is composed of a range of electromagnetic wavelengths, generally 

categorized as ultraviolet (UV), visible, and infrared (IR) referred to collectively as 

the solar spectrum. 

The short, UV wavelengths are largely invisible to the naked eye, but are responsible 

for fabric fading and skin damage. Visible light is made up of those wavelengths 

detectable by the human eye. This light contains about 47% of the energy in sunlight. 

Longer IR wavelengths are also invisible and contain about 46% of the energy in 

sunlight [37]. 

Tints (Colour) and Coatings 

The properties of a given glass can be altered by tinting or by applying various 

coatings or films to the glass. 

Glass tints are generally the result of colorants added to the glass during production. 

Some tints are also produced by adhering colored films to the glass following 

production. 

Tints are usually selected for aesthetic purposes. Some tints also help reduce solar 

gains. 

Coatings, usually in the form of metal oxides, can also be applied to glass during 

production. Some of these coatings, called "low-emissivity" or "low-e," help reduce 
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radiant heat transfer between panes of glass by blocking some or all of the IR 

wavelengths. These coatings can dramatically lower the window U-factor. 

Other important attributes of window and glazing systems include gas fills. Inert 

gases such as argon and krypton are often injected between panes of glass to reduce 

conductive and convective heat transfer. These low-cost, gas fills reduce U-values 

without affecting shading coefficients or visible transmittance. 

A new generation of dynamic glazings are available that change optical properties 

through changes in light, temperature, or voltage (i.e., photochromic, thermochromic, 

electrochromic.) [37]. 

5.3.5 Analyzing the Effect of Glazing Type on Case Study Building 

The proposed passive solar strategies were applied to the case study building and 

thermal behaviour of the building, with different passive solar applications were 

analyzed as explained below. It was especially focused on reducing cooling loads of 

the building since it is a big problem of today’s highly glazed office buildings with 

heavy loads. 

In the present study, five different types of glazing systems were examined through 

their effect on thermal performance of the case study building. The glazing systems 

were obtained from the TRNSYS window library including common German glazing 

materials. The library was created with the program WINDOW 4.1 from the 

Lawrence Berkeley Laboratory, USA as default. The windows have double glazing 

and an aluminium frame. The area of the frame to total window area and the U-value 

of the frame were chosen 0.072 and 7.2W/m2K respectively for all glazing systems. 

Thermal and optical properties of the selected glass types are given in table 5.9.  

Table 5.9: Thermal and optical properties of the selected glass types 

Glazing Type Description U-value 
(W/m2K] 

SHGC 
% 

GL1 Double glazed 2,8 0,755 
GL2 Double glazed, Argon-filled 1,4 0,61 
GL3 Double glazed, Argon-filled 1,4 0,27 
GL4 Double glazed, Krypton-filled 1,1 0,61 
GL5 Double glazed, Krypton-filled 1,1 0,29 



 66

Indoor air temperatures and cooling loads for the case study building (the office part) 

were calculated for these selected glass types by using TRNSYS. The calculations 

were carried out for whole year. Two variables were selected to represent the cooling 

load, namely monthly required sensible cooling energy and peak cooling load. Peak 

cooling load is defined as the maximum amount of heat that needs to be removed 

from the conditioned space in any single hour over the year in order to maintain the 

set point temperature.  

5.3.5.1 Results for Glazing Type Analyze 

First, the inside air temperatures are calculated for all types of glazing for the office 

building while the cooling system is off and the temperatures are free floating. 

Results of this basic case are given in the following figures. Even though the 

temperate outside temperatures, very high indoor air temperatures are calculated as a 

result of the high internal gains from the office appliance, occupancy and the 

artificial lighting system. As it can be seen in the figure 5.10, different temperature 

graphs are obtained for different types of glazing in the cooling season.  
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Figure 5.10: Outdoor and indoor air temperature with different types of glazings in 
cooling seson  

The effect of different glazings on indoor air temperatures can be seen more clearly 

in figure 5.11 for July period. Highest indoor temperatures are reached by glazing 4 

with a maximum 52 oC. Glazing 2 with same SHGC but lower U value followed 

glazing 2. And lowest indoor temperatures are reached by glazing 3 with a maximum 

39 oC. 13 oC temperature difference is obtained. 
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Figure 5.11: Outdoor and indoor air temperature with different types of glazings in 
July 

Different U values and SHGC values resulted different summer performances. 

Maximum and average air temperatures obtained with selected glazings can be seen 

in the table 5.10. 

Table 5.10: Maximum and average indoor and outdoor air temperature values 
(Cooling 
Season) T_Outdoor T_Indoor 

GL1 
T_Indoor 

GL2 
T_Indoor 

GL3 
T_Indoor 

GL4 
T_Indoor 

GL5 
Max 
(oC) 31 45 51 39 52 41 

Average 
(oC) 17 37 43 34 45 35 

When the thermal performances of glazing 2 and glazing 3 are compared, it can be 

seen that even though they both have a U value of 1.4W/m2K, different temperature 

graphs are obtained (figure 5.12). This is due to their different solar heat gain 

coefficients. Glazing 2 has a bigger solar heat gain coefficient and temperatures 

obtained with glazing 2 are quite higher than temperatures obtained with glazing 3. 

There is a 12 degree Celsius difference between their maximum and a 9 degree 

Celsius difference between their average indoor air temperature values. 
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Figure 5.12: Indoor air temperature obtained with Glazing 2 and Glazing 3 in July 

Similar results are obtained with glazing 4 and glazing 5 as expected. When the 

indoor air temperatures with glazing 4 and glazing 5 are compared it can be seen 

even though glazing 4 and glazing 5 both have a U value of 1.1 W/m2K, different 

temperature graphs are obtained for them (figure 5.13). This is again due to their 

different solar heat gain coefficients. Glazing 4 has a bigger solar heat gain 

coefficient and temperatures obtained with glazing 4 are quite higher than 

temperatures obtained with glazing 5. There is an 11 degree Celsius difference 

between their maximum and a 10oC difference between their average indoor air 

temperature values. 
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Figure 5.13: Indoor air temperature obtained with Glazing 4 and Glazing 5 in July 
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On the other hand, glazing 2 and glazing 4 both have a solar heat gain coefficient of 

0.61 but different U values. As it can be seen in figure 5.14 outdoor air temperature 

is much lower than indoor air temperatures because of the high internal loads, 

therefore heat flow from the building is from inside to outside. Heat loses of the 

building with glazing 2 is more than with glazing 4 to the outside. As a result of this, 

lower indoor air temperatures for the glazing 2 are observed for unconditioned zone. 

There is only 1 oC difference between their maximum and a 2oC difference between 

their average indoor air temperature values. This sample has been selected to show 

thermal effect of U value with same SHGC. It indicates that solar heat gain 

coefficient has a bigger influence on the summer thermal performance of glazings 

then their U values. 
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Figure 5.14: Indoor air temperature obtained with Glazing 2 and Glazing 4 in July 

After temperature calculations, sensible cooling energy demand and cooling load 

calculations are carried out for the same conditions. Effect of the temperature 

variations are reflected in the cooling load demand. The results of these calculations 

are summarized in the table 5.11.  
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Table 5.11: Sensible cooling energy demand and cooling loads obtained with 
different glazing types 

(Cooling 
Season) GL1 GL2 GL3 GL4 GL5 

Sensible 
Cooling 
Energy 
(kWh) 

85864 94533 47949 99828 53089 

Cooling 
Load 

(kWh/m2) 
35 39 20 41 22 

As it can be seen in the table 5.11 there is a big difference between the cooling 

energy demands and the cooling loads depending on the different glazing types. The 

maximum difference on sensible cooling energy demand is between glazing 4 and 

glazing 3 as %52, as a result of the maximum difference of the temperature values 

for these types.  

Cooling energy profile is also determined for selected alternatives. These energy 

performance differences between the glazing types are also reflected by cooling 

energy profiles. The variation of the cooling energy profile for glazing 3 and glazing 

4 is shown in figure 5.15. In glazing 4, peak values are much higher. With glazing 3, 

a downsized cooling system can be achieved.  
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Figure 5.15: Cooling load profile comparison between glazing 3 and glazing 4 

In order to make true decisions, year-round performance of glazings has be obtained 

and considered. Thermal behaviors of the selected glazings are also analyzed for the 

winter time where heating is necessary. First of all calculations are carried out while 

the heating system is off and the temperatures are free floating in order to see the true 
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performance of window system. Results of this basic case are given in the following 

figures. 
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Figure 5.16: Performance of selected glazings in heating season 
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Figure 5.17: Performance of selected glazings in January 

Even though the glazing 4 shows best performance in the heating season, there aren’t 

big differences between the heating load values obtained with different glazing types 

(table 5.12, 5.13). And this study is focussing influences of passive intelligent 

strategies on cooling energy demand in buildings so decisions are made based on this 

aim. 
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Table 5.12: Average and minumun indoor air temperatures obtained with 
different glazing types in heating season 

(Heating 
Season) T_Outdoor T_Indoor 

GL1 
T_Indoor 

GL2 
T_Indoor 

GL3 
T_Indoor 

GL4 
T_Indoor 

GL5 
Average 

(oC) 2 17 22 17 23 18 

Min 
(oC) -14,35 8 13 10 15 10 

Minimizing the transmission losses by a good heat insulation and ventilation heat 

losses bye heat exchanger in this office building, resulted in a low energy 

consumption during the heating season, in a range from 13 to 2 kWh/m2 (table 5.13) 

Table 5.13: Heating energy demand obtained with selected glazings in heating 
season 

(Heating 
Season) GL1 GL2 GL3 GL4 GL5 
Sensible 
Heating 
Energy 
(kWh) 

32590 6996 16778 3828 13661 

Heating 
Load 

(kWh/m2) 
13 3 7 2 6 

To summarize, it can be said that glazing types have a significant effect on building 

energy performance; consequently determination of transparent elements of the 

buildings is a very important step for passive solar intelligent building design. 

Depending on the optic and thermal properties of the glazings and the amount and 

location of fenestration, reductions in annual cooling energy consumption of % 51 

have been achieved for the case study building. Furthermore, in order to monitor the 

true performance of the window system, year round calculations have to be carried 

out.  

5.3.6 The Effect of Passive Control Systems on Building Envelope 

Passive control systems on building envelope which can be classified as solar control 

and natural ventilation control are the most important passive control strategies for 

energy efficient and healthy building design. They are usually provided by operable 

windows for natural ventilation and external shading devices. Therefore passive solar 

intelligent buildings should benefit from the opportunity offered by these passive 

control systems and building automation system should also control these systems to 

achieve the most efficient building energy management.  
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The use of adaptable building envelope devices can lead to considerable energy 

savings, if they are controlled correctly. They should be adjusted to recognize and 

respond instinctively and constantly to environmental change. Unfortunately, field 

studies show that occupants very rarely adjust these devices unless they are 

threatened by discomfort and for instance once they make an adjustment they very 

rarely re-adjust the blinds for the rest of the day. To minimize both energy use and 

discomfort it is desirable to automate the building envelope elements and to link 

them to internal and external stimuli. The proper types of these control systems 

should be designed specific to each building at the design stage to get maximum 

energy efficiency from the building [38]. 

5.3.6.1 Solar Control 

Solar control is a critical requirement for both cooling-load dominated and passively 

solar-heated buildings. It can be supplied by shading devices on building envelope. 

Shading devices affect natural lighting, ventilation, solar gain, and overall building 

performance [34]. 

Adjustable shading allows the user to choose the desired level of shade. This is 

particularly useful in spring and autumn when heating and cooling needs are 

variable. 

Shading devices as being important part of the envelope block direct solar radiation 

from entering a window during certain times of the day or the year. The summer sun 

rises higher overhead than the winter sun. Properly sized window overhangs are an 

effective option to optimize southerly solar heat gain and shading. They shade 

windows from the summer sun and in the winter when the sun is lower in the sky, 

permit sunlight to pass through the window to warm the interior. They should 

certainly be considered for the passive solar intelligent building design in order to 

control the amount of sunlight that is admitted into a building. 

 In warm, sunny climates, excess solar gain may result in high cooling energy 

consumption; in cold and temperate climates winter sun entering south-facing 

windows can positively contribute to passive solar heating; and in nearly all climates 

controlling and diffusing natural illumination will improve daylighting[41]. 
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Well-designed sun control and shading devices can dramatically reduce building 

peak heat gain and cooling requirements and improve the natural lighting quality of 

building interiors. Sun control and shading devices can also improve user visual 

comfort by controlling glare and reducing contrast ratios. This often leads to 

increased satisfaction and productivity. Shading devices offer the opportunity of 

differentiating one building facade from another. This can provide interest and 

human scale to an otherwise undistinguished design. 

During cooling seasons, external window shading is an excellent way to prevent 

unwanted solar heat gain from entering a conditioned space. Shading can be provided 

by building elements such as awnings, overhangs, and trellises on the building 

envelope. Some shading devices can also function as reflectors, called light shelves, 

which bounce natural light for daylighting deep into building interiors [42]. 

Shaded Case:  

To investigate the effect of the external shading devices, a number of simulations 

were performed in the present work. For these simulations, it has been assumed that 

the case study building has been shaded during the day by external shading devices 

and their effect on indoor air temperature and cooling energy demand were analyzed.  

Shading strategy has been tested on all glazing types.  It is accepted that shading 

system is active whenever the direct radiation is greater than zero on the south, east, 

west, south-east, south-west, north-east and north-west facades of the building during 

the cooling period. It has been also assumed that the shading devices controlled by 

building automation system during the day. Solar shading coefficient of the devices 

has been assumed to be 0.8. 
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Results for Shading Strategies: 

First, indoor air temperatures are calculated and then compared to basic case where 

no shading system is on for all glazing types. 

 In the figure 5.18 it can be seen that using shading devices lowered down the indoor 

air temperatures compared to basic case for all glazing types.  
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Figure 5.18: Influence of shading system on performance of selected glazings in 
cooling season 

In figure 5.19, we can see that glazing 3 still shows the best performance in cooling 

period as a result of low indoor air temperatures.  
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Figure 5.19: Influence of shading system on performance of selected glazings in 
July 

The comparison of indoor air temperatures obtained with glazing 3 for basic case and 

shaded case can be seen in figure 5.20. The maximum indoor temperature decreased 
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from 39 to 34 and average indoor air temperature decreased from 34 oC to 30 oC 

(table 5.14). 
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Figure 5.20: Comparison of indoor temperatures for shaded and non-shaded case in 
cooling season 

The cooling loads are analyzed for this case. As simulation results (table 5.14) 

indicate, 37% reduction in sensible cooling energy demand is achieved in summer 

cooling period with glazing 3. This brings 17868 kWh saving in total. 
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Table 5.14: Summary of the results obtained with different glazing types for shaded 
and unshaded cases 

Summer 

Period 

Maximum 
Temperature 

(oC) 

Average 
Temperature 

 (oC) 

Sensible 
Cooling 
Energy 
(kWh) 

Cooling 
Load 

(kWh/m2) 

T_Outdoor 31 17 - - 

GL1 45 37 85864 35 

GL1_Shaded 35 30 45342 19 

GL2 51 43 94533 39 

GL2_Shaded 40 35 54974 22 

GL3 39 34 47949 20 

GL3_Shaded 34 30 30081 12 

GL4 52 45 99828 41 

GL4_Shaded 41 37 59057 24 

GL5 41 35 53089 22 

GL5_Shaded 35 31 33299 14 

To summarize, application of external shading devices to a building and controlling 

them with an automation system according to direct radiation of the building faces on 

proper surfaces resulted big reductions in cooling energy demand of the building in 

summer period with all types of glazing. Glazing 3 still showed the best performance 

with a cooling load of 12 kWh/m2. Moreover effect of external shading devices on 

cooling load would be much stronger in a climatic zone where summer temperatures 

and solar radiation intensity are higher. 

5.3.6.2 Natural Ventilation 

Ventilation is the process by which fresh air is introduced and ventilated air is 

removed from an occupied space. The primary aim of ventilation is to preserve the 

qualities of air. Natural ventilation is the process which relies on pressure differences 

to move fresh air through buildings. Pressure differences can be caused by wind or 
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the buoyancy effect created by temperature differences or differences in humidity. In 

either case, the amount of ventilation will depend critically on the size and placement 

of openings in the building. [39]. Natural ventilation system is very important 

passive solar intelligent building design for its energy efficiency and also for human 

comfort. It has a significant role preventing Sick Building Syndrome while it is 

reducing the demand for cooling and the need for mechanical ventilation. Windows 

should be designed to admit natural ventilation.  

The amount of air that flows through a window (ventilation capacity) depends on the 

area and vertical distribution of openings. These also depend on the way the window 

opens (Figure 5.21) [40].  

 

Figure 5.21: Natural ventilation by window openings 

To create a comfortable indoor climate during the summer, the building must be 

cooled at night in order to carry away the heat gained during daytime and achieve the 

correct temperature at the start of the following day. 

The building structure and thermal mass gets "pre-cooled" and is able to absorb heat 

energy the following day. The night air is introduced into the spaces naturally by 

open windows If correctly designed and controlled, night cooling allows for 

comfortable working temperatures and significantly reduces the day peak [40]  
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Ventilated case: 

In this study the effect of natural night cooling was analyzed for the case study 

building and overall building thermal performance was observed. It has been 

assumed that the natural ventilation is provided by the operable windows on building 

envelope and controlled by building automation system depending on the given time 

schedule in summer period. Windows are assumed to be opened with this system to 

provide 5 ach rate during nighttime. Indoor air temperatures and cooling energy 

demand were calculated. The results of the calculations are given below. 

Results for different natural ventilation types:  

The performance of natural night ventilation is analysed based on the achieved 

indoor air temperatures. In figure 5.22, the temperature variations for ventilated case 

are shown. As it can be seen in this figure indoor air temperature is changing 

significantly for the ventilated case, indoor air temperature is closer to outdoor air 

temperature. It is obvious that this amount of temperature difference with natural 

ventilation will have a significant effect on cooling energy demand.  
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Figure 5.22: Influence of natural night ventilation on performance of selected 
glazings in cooling season 

Natural night ventilation cooled down the inside air and exposed opaque parts, which 

had stored the heat of the previous day, from midnight p.m. till 8 a.m. As a result, 

excess heat accumulated in the ceiling the following day and the air temperature 

peaks by day decreased. 
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The effect of natural night ventilation on the reduction of the maximum indoor-

temperature for case study building with glazing type 3 is shown more clearly in Fig. 

5.23. It can be read from the table that without night cooling the indoor temperature 

will reach 39 oC. With natural night ventilation, this temperature will reduce by about 

7 oC for five air change per hour. 
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Figure 5.23: Indoor air temperature variation for glazing 3 for ventilated case in 
summer period. 

As it is shown in the table 5.15 below, introduction of natural night ventilation to the 

building resulted in reduction total cooling energy demand compared to non 

ventilated case. In other word it provides lowest indoor air temperature which is 

closest to the set point temperature of the cooling system. Glazing 3 performs better 

in this case too, with a 21116 kWh sensible energy demand and a 9kWh/m2 cooling 

load. 
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Table 5.15: Summary of the results obtained with different glazing types for 
ventilated and non-ventilated cases 

Summer Period Max 
(oC) 

Average
(oC) 

Sensible 
Cooling 
Energy 
(kWh) 

Cooling 
Load 

(kWh/m2) 

T_Outdoor 31 17 - - 

GL1 45 37 85864 35 

GL1_Ventilated 38 29 56634 23 

GL2 51 43 94533 39 

GL2_Ventilated 40 30 58554 24 

GL3 39 34 47949 20 

GL3_Ventilated 32 25 21116 9 

GL4 52 45 99828 41 

GL4_Ventilated 41 31 61847 25 

GL5 41 35 53089 22 

GL5_Ventilated 33 25 24382 10 

5.3.7 Combining the passive thermal design strategies  

The results from investigating the effects of individual strategies have been 

summarized in column charts in figure 5.24 and table 5.16 and combined to 

formulate a building design that has the minimum annual required energy demand. 

As it can be seen in figures below, proposed passive strategies decreased the required 

sensible cooling energy demand compared to basic case.  
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Figure 5.24: Summary of the heating and cooling energy demand results 

Table 5.16: Sensible energy demand in total 
Summary 

(Summer Period) 

 

GL1 

 

GL2 

 

GL3 

 

GL4 

 

GL5 

Sensible Cooling Energy 
(kWh) 25335 28668 9949 31103 11632 

Cooling Load (kWh/m2) 10 12 4 13 5 

The most effective combination of strategies has been selected by comparing these 

results against each other. The maximum savings of annual required cooling energy 

and the yearly sensible energy demand for the present case study building is obtained 

with glazing type 3 with introduction of outside air into the building by means of 
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natural night ventilation and using external shading devices to block direct solar 

radiation before enter the building (figure 5.25). Shading devices were controlled by 

the building automation system depending on the direct radiation level on the 

building surfaces and the orientation. Lowest level of required sensible cooling 

energy for the building, which is designed with the proposed automatically 

controlled passive systems is calculated as 9949kWh .It can be seen that the 

combined effect of glazing, natural ventilation and shading achieved the highest 

saving of almost % 79compared to case of glazing 3 with non ventilated and no 

external shading is defined. This result shows that energy conscious designed 

buildings in combination with truly chosen automation systems can contribute to 

energy savings in significant amounts.  
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Figure 5.25: Influence of combination of passive strategies on indoor temperature 
with glazing 3 
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6. CONCLUSION 

In the present work passive solar intelligent concept is introduced. An approach to 

design passive solar intelligent buildings is purposed then the application of the 

approach is a shown on a case study building.  

Energy issue has become a key concern because of the environmental and economic 

reasons among the countries all around the world. Countries are searching ways to 

reduce the energy consumption in order to ensure global energy sustainability. 

Buildings are significant energy consumers and have an important role on the energy 

context so that they have a priority in the many countries policies.  

Saving energy is the most cost effective way to meet our future energy needs and to 

prevent the air pollution for the indoor and outdoor environment. Buildings have a 

high potential for energy savings. Many Governments around the world are 

enhancing their building energy codes aiming to limit the energy consumption at a 

minimum level possible. In order to ensure the energy limitations, the energy 

consumption level of a building should be tried to keep at a minimum.  

Intelligent buildings, which are designed according to passive solar architectural 

techniques promise higher energy efficiency. They are not only the buildings, which 

are equipped with a building management system but also the buildings designed as 

being environmentally conscious and consume minimum energy.  

In the present work, an approach to design passive solar intelligent buildings is 

proposed. The principles of this method are the reduction of the heating and 

especially cooling loads, the use of passive cooling and heating and enhanced control 

of automation system of the building. Commercial buildings need more cooling 

energy than heating because of their high internal loads so in the present work it was 

especially focused on decreasing cooling loads with some passive strategies. Cooling 

loads are a big problem of highly glazed office building with heavy office 

appliances. Cooling energy systems are more expensive to buy and install. Cooling 
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also requires more building space than heating equipment and costs more to run. 

Decreasing the cooling loads would contribute the economy and energy efficiency in 

big amounts. 

According to the approach passive solar intelligent building design should start with 

climate analyze in order to benefit from the natural sources at maximum level. 

Without knowing the temperature, solar radiation, wind velocity, humidity, 

precipitation, cloud cover, sunshine duration etc., it is not possible to design a 

building that is energy efficient. The second step of passive solar intelligent building 

design is analyzing site and determination the best site for construction in the area to 

ensure a good access to the sun and block the cold winds or vice versa for the cases 

that cooling demand is dominant. Next, form of the building plays a great role in 

energy conservation since heat transfer is related to the form and also it facilitates 

daylighting, natural ventilation and solar gain. Proper form for intelligent buildings 

should be selected depending on the needs. Furthermore, the building envelope, 

which consists of transparent and opaque parts, is the most critical component of any 

facility since it is always under control of designer. It enhances the heat gain, heat 

loss and also the daylighting directly.  

Passive control systems on building envelope, which complement the passive solar 

intelligent building approach, are the most important passive control strategies for 

energy efficient and healthy building design. Sun control and natural ventilation 

control assist enhancing the interior air temperatures and consequently lower the 

building energy loads also contribute the occupant’s comfort. 

External shading devices intercept solar beams before they enter the building and 

prevent overheating in the cooling season and also local discomfort. Bright windows 

can cause glare if it is not well controlled or balanced with other light sources. 

External shading is a good solution to all these problems. 

Natural night ventilation can be used to prevent overheating problems during 

summer. This ventilation technique, driven by wind and stack effect, cools down the 

exposed building structure at night and reduces and postpones consequently the 

temperature peaks by day. 
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Furthermore, computer-based building thermal performance simulations can be 

regarded as a step of energy conscious building design. During the past two decades 

building energy simulation has developed very fast and has gradually been accepted 

by designers. In order to enhance the energy efficiency, it is necessary to conduct 

quantitative estimation on the building design schemes and assess the energy 

performance of completed buildings. Simulation methods can provide analytical 

power for the study and improvement of building performance. Computer based 

simulation tools assists passive solar intelligent building design at the design stage 

enabling an accurate performance prediction and giving a chance to test different 

design strategies and control scenarios. The purpose of energy calculation is to 

estimate the annual energy consumption of buildings so as to provide information for 

energy and economic analysis, which aims improving the building design. Building 

energy simulation is closely related to the heating and cooling system equipments 

design. If better building energy efficiency can be achieved, this will help 

downsizing the equipments needed for the heating and cooling system. In the present 

work the analysis was performed by TRNSYS simulation tool due to its flexible 

nature within the presence of hourly meteorological input data. 

After the definition of approach, it has been applied to a case study building. The 

building has already been designed so it wasn’t possible to take the every step of the 

approach. Therefore, passive solar intelligent concept has been applied to 

determination of most suitable glazing type, application and control of the natural 

ventilation system and shading system.  

In hot climates or the buildings which have heavy internal loads, the excess of solar 

radiation penetrating through the glass windows usually lead to overheating and 

excessive cooling load. In the present study, five different glazing types and their 

performances on cooling load of the case study building were tested. The key 

performance parameters, which are taken into account in the study for energy 

efficient window system are the solar heat gain coefficient (SHGC) and the heat 

transfer coefficient (U value) of the glazing product. SHGC is the ratio of the solar 

heat gain through the window system relative to the incident solar radiation. It can be 

regarded as the indicator of a window’s shading ability. And U value is related to the 

amount of heat, which is transferred depending on the temperature difference. 
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Thermal performances of selected glazings are compared according to their U values 

and solar heat transfer coefficients. The results which are given in chapter 5 showed 

that with different types of glazings, different indoor air temperature variations and 

different levels of cooling energy demands can be obtained. The highest indoor air 

temperatures are obtained with glazing type 4 which has the biggest SHGC among 

the others and the lowest indoor air temperatures are reached by glazing 3 which has 

the lowest SHGC. When the glazing 4 and glazing 3 -which have the same U values 

but different SHGC- are compared, it was seen that, there is an 11 degree Celsius 

difference between the maximum indoor temperatures. On the other hand glazings 

which have same SHGC but different U values (glazing 4 and glazing 2) are 

compared, there is only 1 oC difference between the maximum indoor temperatures 

are obtained. Results shows that solar heat gain coefficient has a bigger importance 

than U value on lowering indoor air temperature for cooling load dominated cases 

such as in this example. 

The effect of indoor temperature variation is reflected on the sensible energy demand 

of the building and also its cooling load. Summer cooling loads in the buildings have 

been reduced with glazing of low solar heat gain coefficients. These glazings 

prevented much of the solar radiation from entering the building. 50% reduction in 

cooling energy demand and cooling load between the glazing 4 and glazing 3 is 

achieved. 41 kWh/m2cooling load that obtained with glazing 4 decreased to 20 

kWh/m2 with glazing 3. Peak loads and excessive heat gain glare can be reduced 

with windows, which have a low solar heat gain coefficient. Moreover, it can be said 

that, U value is then of secondary importance since it only affected %5 percent 

reducing cooling load in the present work. 

External shading devices are purposed for the case study building as another passive 

control parameter on building envelope and their effects are investigated. It is 

accepted in the present study that shading system is controlled by building 

automation system during the day and it is active whenever the direct radiation is 

greater than zero on the south, east, west, south-east, south-west, north-east and 

north-west facades of the building during the cooling period. Simulation results 

indicate that with proper shading strategies, cooling loads have been significantly 

reduced in all types of glazing. Proper control of heat reduced the indoor air 

temperatures and consequently the cooling energy demand and the cooling load. 
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Glazing 3 with lowest SHGC still showed the best performance among the others 

with lowest indoor temperatures. The results show that the maximum indoor air 

temperature with glazing 3 has been lowered down to 34 oC with a 5 degree Celsius 

decrease. 40% reduction in cooling load has been obtained with application of 

proposed shading for this glazing type.  

Natural night ventilation is an energy efficient way to improve thermal summer 

comfort. In the present study, natural ventilation is used at night when outdoor air is 

typically cooler than daytime air. It is applied to building as a passive control 

parameter and provided by the windows, which are opened by building automation 

system between the scheduled time periods.  Night ventilation cooled down the 

indoor air and they got closer to the outside temperature values. The results showed 

that % 55 reductions in cooling load obtained with glazing type 3 has been achieved 

in comparison to the non ventilated case. Moreover natural ventilation would provide 

a healthier indoor environment and also higher comfort level. 

For the heating period, it was tried to minimize the transmission heat losses with 

good insulation levels of opaque components of the buildings like external walls, 

roof, floor...etc. Further, the ventilation heat loss was reduced by application of a 

heat exchanger, which preheats the ventilation supply air introduced into the building 

for winter period. Due to the high internal loads, low heating loads are calculated 

with all types of glazings. 

Furthermore, effective combination of strategies can achieve a significant amount of 

saving. In the present study in order to get the highest performance, the best 

combination of the proposed strategies selected. When sensible cooling and heating 

energy demands for the all glazing types considered, glazing 3 performed the lowest 

results with a 26727 kWh total sensible energy demand 

These results show that the energy savings and improvements in human comfort can 

be achieved with application of the passive solar intelligent approach to buildings. It 

is easy but also wasteful of recourses to rely on artificial means to keep occupants 

comfortable rather than designing the building itself for comfort. Buildings should be 

designed to stay comfortable passively. Reducing the thermal load passive solar 

methods can also reduce construction costs, downsize the mechanical equipments, 
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minimize operating expenses and of course bring significant amounts of savings by 

making more energy efficient buildings.  

For the future work, this approach can be supported with daylighting calculations in 

order to obtain optimum glazing and shading strategies. Increased energy use for 

artificial lighting, heating, and cooling can result with a balance on loads. Also a 

solution to glare problem can increase the human comfort and overall performance of 

the building.  

Furthermore, application of natural energy sources to building for example 

integrating PV panels for supplying electricity to building while working as a 

shading device at the same time, building energy requirements can be lowered to a   

minimum. Even a zero energy building can be achieved for the cases that passive 

solar intelligent buildings are supported with renewable energy sources.  
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APPENDIX A 

One of the Prebid output file of the case study simulation can be seen below as an 
example. Properties of the building are given in special Prebid format.  Transfer 
function coefficients which are necessary for the whole building simulation is 
calculated by Prebid and the results can be seen end of this section. 

 
********************************************************************
********************************************************************
***************************************************************** 
*  PreBid   5.0.8 
********************************************************************
********************************************************************
***************************************************************** 
*   BUILDING DESCRIPTIONS FILE TRNSYS 
*   FOR BUILDING:   
C:\trnsys15\workspace\new_calculation\Summer\4_Shading_Cooling\GL_1\GL_1_S
T.inf 
*   GET BY WORKING WITH PreBid 5.0 for Windows 
********************************************************************
********************************************************************
***************************************************************** 
* 
*-----------------------------------------------------------------------------------------------------
--------------------------------------------------------------------------------------------------- 
*  C o m m e n t s 
*-----------------------------------------------------------------------------------------------------
--------------------------------------------------------------------------------------------------- 
*-----------------------------------------------------------------------------------------------------
--------------------------------------------------------------------------------------------------- 
*  P r o j e c t 
*-----------------------------------------------------------------------------------------------------
--------------------------------------------------------------------------------------------------- 
*+++ PROJECT 
*+++ TITLE=MASTER’S THESIS CASE STUDY 
*+++ DESCRIPTION=GLAZING 1 
*+++ CREATED=MELTEM BAYRAKTAR 
*+++ ADDRESS=UNDEFINED 
*+++ CITY=ISTANBUL 
*+++ SWITCH=UNDEFINED 
*-----------------------------------------------------------------------------------------------------
--------------------------------------------------------------------------------------------------- 
*  P r o p e r t i e s 
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*-----------------------------------------------------------------------------------------------------
--------------------------------------------------------------------------------------------------- 
PROPERTIES 
 DENSITY=1.204 : CAPACITY=1.012 : HVAPOR=2454.0 : SIGMA=2.041e-007 : 
RTEMP=293.15 
* 
*+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
+++++++++++++++++++++ 
TYPES 
*+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
+++++++++++++++++++++ 
* 
*-----------------------------------------------------------------------------------------------------
--------------------------------------------------------------------------------------------------- 
*  L a y e r s 
*-----------------------------------------------------------------------------------------------------
--------------------------------------------------------------------------------------------------- 
LAYER LEICHTBETO 
 CONDUCTIVITY=   2.52 : CAPACITY=      1 : DENSITY=   1300 
LAYER POLYSTYROL 
 CONDUCTIVITY=   0.11 : CAPACITY=   1.25 : DENSITY=     20 
LAYER LOTRECHT_2 
 RESISTANCE=    0.047 
LAYER ALUMINIUM 
 CONDUCTIVITY=    720 : CAPACITY=   3.43 : DENSITY=   2700 
LAYER GRANIT_BAS 
 CONDUCTIVITY=   12.6 : CAPACITY=      1 : DENSITY=   2800 
LAYER KALKZEMENT 
 CONDUCTIVITY=   3.13 : CAPACITY=      1 : DENSITY=   1800 
LAYER UNTERBOEDE 
 CONDUCTIVITY=   1.69 : CAPACITY=      1 : DENSITY=   1400 
LAYER NORMALBETO 
 CONDUCTIVITY=   7.56 : CAPACITY=      1 : DENSITY=   2400 
LAYER SOIL 
 CONDUCTIVITY=    0.9 : CAPACITY=   0.89 : DENSITY=   1600 
LAYER KERAMIK 
 CONDUCTIVITY=   4.32 : CAPACITY=      1 : DENSITY=   2000 
LAYER GIPSKARTON 
 CONDUCTIVITY=   0.76 : CAPACITY=      1 : DENSITY=    900 
LAYER MINERALD04 
 CONDUCTIVITY=   0.14 : CAPACITY=    0.9 : DENSITY=     80 
LAYER GIPSPUTZ_O 
 CONDUCTIVITY=   1.26 : CAPACITY=      1 : DENSITY=   1200 
*-----------------------------------------------------------------------------------------------------
--------------------------------------------------------------------------------------------------- 
*  I n p u t s 

 94



*-----------------------------------------------------------------------------------------------------
--------------------------------------------------------------------------------------------------- 
INPUTS SHADE_S SHADE_E SHADE_W SHADE_SE SHADE_SW SHADE_NE 
SHADE_NW 
*-----------------------------------------------------------------------------------------------------
--------------------------------------------------------------------------------------------------- 
*  S c h e d u l e s 
*-----------------------------------------------------------------------------------------------------
--------------------------------------------------------------------------------------------------- 
SCHEDULE PERS_WD 
 HOURS =0.0  8.0  18.0  24.0 
 VALUES=0 1. 0 0  
SCHEDULE PERS_WE 
 HOURS =0.0  24.0 
 VALUES=0 0  
SCHEDULE PERS 
 DAYS=1 2 3 4 5 6 7 
 HOURLY=PERS_WD PERS_WD PERS_WD PERS_WD PERS_WD PERS_WE 
PERS_WE 
*-----------------------------------------------------------------------------------------------------
--------------------------------------------------------------------------------------------------- 
*  W a l l s 
*-----------------------------------------------------------------------------------------------------
--------------------------------------------------------------------------------------------------- 
WALL EXTERNAL 
 LAYERS   = LEICHTBETO POLYSTYROL LOTRECHT_2 ALUMINIUM  
 THICKNESS= 0.2        0.09       0          0.005      
 ABS-FRONT= 0.6   : ABS-BACK= 0.6   
 HFRONT   = 11 : HBACK= 64 
WALL FLOOR 
 LAYERS   = GRANIT_BAS KALKZEMENT UNTERBOEDE POLYSTYROL 
NORMALBETO  
 THICKNESS= 0.005      0.002      0.005      0.09       0.2         
 ABS-FRONT= 0.6   : ABS-BACK= 0.6   
 HFRONT   = 11 : HBACK= 11 
WALL ROOF 
 LAYERS   = NORMALBETO LEICHTBETO POLYSTYROL ALUMINIUM 
SOIL   
 THICKNESS= 0.15       0.05       0.12       0.005     0.15   
 ABS-FRONT= 0.6   : ABS-BACK= 0.6   
 HFRONT   = 11 : HBACK= 64 
WALL CEILING 
 LAYERS   = NORMALBETO POLYSTYROL KALKZEMENT KERAMIK  
 THICKNESS= 0.15       0.01       0.01       0.008    
 ABS-FRONT= 0.6   : ABS-BACK= 0.6   
 HFRONT   = 11 : HBACK= 11 
WALL INT_LIGHT 
 LAYERS   = GIPSKARTON MINERALD04 GIPSKARTON  
 THICKNESS= 0.012      0.1        0.012       
 ABS-FRONT= 0.6   : ABS-BACK= 0.6   
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 HFRONT   = 11 : HBACK= 11 
WALL INT_HEAVY 
 LAYERS   = GIPSPUTZ_O LEICHTBETO POLYSTYROL GIPSPUTZ_O  
 THICKNESS= 0.015      0.15       0.02       0.015       
 ABS-FRONT= 0.6   : ABS-BACK= 0.6   
 HFRONT   = 11 : HBACK= 11 
*-----------------------------------------------------------------------------------------------------
--------------------------------------------------------------------------------------------------- 
*  W i n d o w s 
*-----------------------------------------------------------------------------------------------------
--------------------------------------------------------------------------------------------------- 
WINDOW ISOLIER 
 WINID=1002 : HINSIDE=11 : HOUTSIDE=64 : SLOPE=90 : SPACID=1 : 
WWID=0.77 : WHEIG=1.08 : FFRAME=0.072 : UFRAME=7.2 : ABSFRAME=0.6 
: RISHADE=0 : RESHADE=0 : REFLISHADE=0.5 : REFLOSHADE=0.5 : ; 
 CCISHADE=0.5 
*-----------------------------------------------------------------------------------------------------
--------------------------------------------------------------------------------------------------- 
*  D e f a u l t  G a i n s 
*-----------------------------------------------------------------------------------------------------
--------------------------------------------------------------------------------------------------- 
GAIN PERS_ISO02 
 CONVECTIVE=156 : RADIATIVE=78 : HUMIDITY=0.081 
GAIN COMPUTER04 
 CONVECTIVE=690 : RADIATIVE=138 : HUMIDITY=0 
GAIN LIGHT01_01 
 CONVECTIVE=SCHEDULE 12879*PERS : RADIATIVE=SCHEDULE 
30051*PERS : HUMIDITY=0 
*-----------------------------------------------------------------------------------------------------
--------------------------------------------------------------------------------------------------- 
*  O t h e r  G a i n s 
*-----------------------------------------------------------------------------------------------------
--------------------------------------------------------------------------------------------------- 
*-----------------------------------------------------------------------------------------------------
--------------------------------------------------------------------------------------------------- 
*  C o m f o r t 
*-----------------------------------------------------------------------------------------------------
--------------------------------------------------------------------------------------------------- 
*-----------------------------------------------------------------------------------------------------
--------------------------------------------------------------------------------------------------- 
*  I n f i l t r a t i o n 
*-----------------------------------------------------------------------------------------------------
--------------------------------------------------------------------------------------------------- 
INFILTRATION INFIL_GEN 
 AIRCHANGE=0.1 
*-----------------------------------------------------------------------------------------------------
--------------------------------------------------------------------------------------------------- 
*  V e n t i l a t i o n 
*-----------------------------------------------------------------------------------------------------
--------------------------------------------------------------------------------------------------- 
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VENTILATION VENT 
 TEMPERATURE=OUTSIDE 
 AIRCHANGE=SCHEDULE 0.6*PERS 
 HUMIDITY=OUTSIDE 
*-----------------------------------------------------------------------------------------------------
--------------------------------------------------------------------------------------------------- 
*  C o o l i n g 
*-----------------------------------------------------------------------------------------------------
--------------------------------------------------------------------------------------------------- 
COOLING COOL 
 ON=SCHEDULE -36*PERS+60 
 POWER=999999999 
 HUMIDITY=100 
*-----------------------------------------------------------------------------------------------------
--------------------------------------------------------------------------------------------------- 
*  H e a t i n g 
*-----------------------------------------------------------------------------------------------------
--------------------------------------------------------------------------------------------------- 
* 
*-----------------------------------------------------------------------------------------------------
--------------------------------------------------------------------------------------------------- 
*  Z o n e s 
*-----------------------------------------------------------------------------------------------------
--------------------------------------------------------------------------------------------------- 
ZONES OFFICE_BLD 
*-----------------------------------------------------------------------------------------------------
--------------------------------------------------------------------------------------------------- 
*  O r i e n t a t i o n s 
*-----------------------------------------------------------------------------------------------------
--------------------------------------------------------------------------------------------------- 
ORIENTATIONS NORTH SOUTH EAST WEST HORIZONTAL NORTHEAST 
NORTHWEST SOUTHEAST SOUTHWEST 
* 
*+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
+++++++++++++++++++++ 
BUILDING 
*+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
+++++++++++++++++++++ 
* 
*-----------------------------------------------------------------------------------------------------
--------------------------------------------------------------------------------------------------- 
*  Z o n e  OFFICE_BLD  /  A i r n o d e  OFFICE_BLD 
*-----------------------------------------------------------------------------------------------------
--------------------------------------------------------------------------------------------------- 
ZONE OFFICE_BLD 
AIRNODE OFFICE_BLD 
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WALL  =EXTERNAL   : SURF=  1 : AREA=      87.5 : EXTERNAL : 
ORI=SOUTH : FSKY=0.5 
WINDOW=ISOLIER    : SURF=  9 : AREA=       155 : EXTERNAL : ORI=SOUTH 
: FSKY=0.5 : ESHADE=INPUT 0.8*SHADE_S 
WALL  =EXTERNAL   : SURF=  2 : AREA=       110 : EXTERNAL : ORI=EAST : 
FSKY=0.5 
WINDOW=ISOLIER    : SURF= 10 : AREA=       197 : EXTERNAL : ORI=EAST : 
FSKY=0.5 : ESHADE=INPUT 0.8*SHADE_E 
WALL  =EXTERNAL   : SURF=  3 : AREA=        33 : EXTERNAL : ORI=NORTH 
: FSKY=0.5 
WINDOW=ISOLIER    : SURF= 11 : AREA=      52.5 : EXTERNAL : 
ORI=NORTH : FSKY=0.5 
WALL  =EXTERNAL   : SURF=  4 : AREA=      82.5 : EXTERNAL : ORI=WEST 
: FSKY=0.5 
WINDOW=ISOLIER    : SURF= 12 : AREA=     146.5 : EXTERNAL : ORI=WEST 
: FSKY=0.5 : ESHADE=INPUT 0.8*SHADE_W 
WALL  =EXTERNAL   : SURF=  5 : AREA=      77.5 : EXTERNAL : 
ORI=SOUTHEAST : FSKY=0.5 
WINDOW=ISOLIER    : SURF= 13 : AREA=       140 : EXTERNAL : 
ORI=SOUTHEAST : FSKY=0.5 : ESHADE=INPUT 0.8*SHADE_SE 
WALL  =EXTERNAL   : SURF=  6 : AREA=      62.5 : EXTERNAL : 
ORI=SOUTHWEST : FSKY=0.5 
WINDOW=ISOLIER    : SURF= 14 : AREA=       112 : EXTERNAL : 
ORI=SOUTHWEST : FSKY=0.5 : ESHADE=INPUT 0.8*SHADE_SW 
WALL  =EXTERNAL   : SURF=  7 : AREA=        33 : EXTERNAL : 
ORI=NORTHEAST : FSKY=0.5 
WINDOW=ISOLIER    : SURF= 15 : AREA=        54 : EXTERNAL : 
ORI=NORTHEAST : FSKY=0.5 : ESHADE=INPUT 0.8*SHADE_NE 
WALL  =EXTERNAL   : SURF=  8 : AREA=      31.5 : EXTERNAL : 
ORI=NORTHWEST : FSKY=0.5 
WINDOW=ISOLIER    : SURF= 16 : AREA=      49.5 : EXTERNAL : 
ORI=NORTHWEST : FSKY=0.5 : ESHADE=INPUT 0.8*SHADE_NW 
WALL  =FLOOR      : SURF= 17 : AREA=       492 : BOUNDARY=18 
WALL  =ROOF       : SURF= 18 : AREA=       492 : EXTERNAL : 
ORI=HORIZONTAL : FSKY=1 
WALL  =CEILING    : SURF= 19 : AREA=      3936 : INTERNAL 
WALL  =INT_LIGHT  : SURF= 20 : AREA=       500 : INTERNAL 
WALL  =INT_HEAVY  : SURF= 21 : AREA=       500 : INTERNAL 
WALL  =INT_HEAVY  : SURF= 22 : AREA=       126 : 
BOUNDARY=IDENTICAL 
 REGIME 
 GAIN        = PERS_ISO02 : SCALE= SCHEDULE 160*PERS 
 GAIN        = COMPUTER04 : SCALE= SCHEDULE 141*PERS 
 GAIN        = LIGHT01_01 : SCALE= 1 
 INFILTRATION= INFIL_GEN 
 VENTILATION = VENT 
 COOLING     = COOL 
 CAPACITANCE = 9158.4  : VOLUME= 7632    : TINITIAL= 20      : 
PHINITIAL= 50      : WCAPR= 1 
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*-----------------------------------------------------------------------------------------------------
--------------------------------------------------------------------------------------------------- 
*  O u t p u t s 
*-----------------------------------------------------------------------------------------------------
--------------------------------------------------------------------------------------------------- 
OUTPUTS 
 TRANSFER : TIMEBASE=1.000 
 DEFAULT 
*-----------------------------------------------------------------------------------------------------
--------------------------------------------------------------------------------------------------- 
*  E n d 
*-----------------------------------------------------------------------------------------------------
--------------------------------------------------------------------------------------------------- 
END 
 
 
 
 
 
          ***** WALL TRANSFERFUNCTION CALCULATIONS ***** 
 
 
              ---------- WALL TYPE EXTERNAL            ---------- 
 
       THERMAL CONDUCTANCE, U=     1.05870 kJ/h m2K; k-Wert=     0.28008 
W/m2K 
 
                        TRANSFERFUNCTION COEFFICIENTS 
   K            A              B              C              D 
 
   0       4.8123071E+01    4.7805154E-05    6.4584307E+01    1.0000000E+00 
   1      -1.0876720E+02    1.0202921E-02   -1.2074781E+02   -1.2838251E+00 
   2       7.8463130E+01    4.3636726E-02    6.6702304E+01    3.7731544E-01 
   3      -1.8661684E+01    2.2737677E-02   -1.0839768E+01   -1.9638699E-02 
   4       9.2963361E-01    1.7389624E-03    3.8237956E-01    1.8379453E-04 
   5      -8.5864536E-03    1.6939967E-05   -3.0401449E-03   -3.6216196E-07 
   6       1.6845787E-05    1.4866314E-08    4.7477375E-06 
  SUM      7.8381048E-02    7.8381047E-02    7.8381047E-02    7.4035119E-02 
 
 
              ---------- WALL TYPE FLOOR               ---------- 
 
       THERMAL CONDUCTANCE, U=     1.17837 kJ/h m2K; k-Wert=     0.31007 
W/m2K 
 
                        TRANSFERFUNCTION COEFFICIENTS 
   K            A              B              C              D 
 
   0       1.5199226E+02    9.7897999E-04    2.6498273E+01    1.0000000E+00 
   1      -2.4217861E+02    5.3394187E-02   -5.1980532E+01   -1.0072616E+00 
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   2       9.8214990E+01    9.8998108E-02    2.9599044E+01    1.5601488E-01 
   3      -7.9300419E+00    1.9301170E-02   -3.9916788E+00   -1.9134897E-03 
   4       7.4614303E-02    3.6506080E-04    4.8070623E-02    5.6466586E-06 
   5      -1.8099428E-04    4.7978695E-07   -1.3953213E-04 
  SUM      1.7303798E-01    1.7303799E-01    1.7303798E-01    1.4684544E-01 
 
 
              ---------- WALL TYPE ROOF                ---------- 
 
       THERMAL CONDUCTANCE, U=     0.77085 kJ/h m2K; k-Wert=     0.20660 
W/m2K 
 
                        TRANSFERFUNCTION COEFFICIENTS 
   K            A              B              C              D 
 
   0       4.0395344E+01   -1.3145041E-13    1.5198659E+02    1.0000000E+00 
   1      -1.4400640E+02    8.1101960E-09   -5.4233085E+02   -2.9791392E+00 
   2       2.0474133E+02    5.0834491E-06    7.6987918E+02    3.4196754E+00 
   3      -1.4863472E+02    1.2399805E-04   -5.5786025E+02   -1.9135402E+00 
   4       5.8940659E+01    5.3597502E-04    2.2143470E+02    5.5098606E-01 
   5      -1.2859903E+01    6.4005884E-04   -4.8486015E+01   -8.1726513E-02 
   6       1.5145445E+00    2.4990352E-04    5.7178941E+00    6.0173186E-03 
   7      -9.2001597E-02    3.3661292E-05   -3.4998603E-01   -2.1321157E-04 
   8       2.7733783E-03    1.5443491E-06    1.0469105E-02    3.3081268E-06 
   9      -3.7304524E-05    2.2622746E-08   -1.3534077E-04   -1.8230985E-08 
  10       1.7288380E-07    9.4465180E-11    6.4992956E-07 
  SUM      1.5902555E-03    1.5902554E-03    1.5902559E-03    2.0629830E-03 
 
 
              ---------- WALL TYPE CEILING             ---------- 
 
       THERMAL CONDUCTANCE, U=     8.63579 kJ/h m2K; k-Wert=     1.70396 
W/m2K 
 
                        TRANSFERFUNCTION COEFFICIENTS 
   K            A              B              C              D 
 
   0       4.2471048E+01    2.3880159E-01    1.5197890E+02    1.0000000E+00 
   1      -6.3266097E+01    1.7975158E+00   -1.9839189E+02   -7.1223178E-01 
   2       2.4449601E+01    6.8279134E-01    5.0157951E+01    2.8413349E-02 
   3      -9.2426952E-01    1.1327541E-02   -1.0146384E+00   -4.7790539E-06 
   4       1.5517455E-04    1.5597402E-06    1.1499749E-04 
  SUM      2.7304379E+00    2.7304379E+00    2.7304379E+00    3.1617679E-01 
 
 
              ---------- WALL TYPE INT_LIGHT           ---------- 
 
       THERMAL CONDUCTANCE, U=     1.34073 kJ/h m2K; k-Wert=     0.35025 
W/m2K 
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                        TRANSFERFUNCTION COEFFICIENTS 
   K            A              B              C              D 
 
   0       1.3903299E+01    2.2415523E-01    1.3903299E+01    1.0000000E+00 
   1      -1.4712619E+01    7.8154453E-01   -1.4712619E+01   -1.7616743E-01 
   2       1.9162780E+00    9.8945026E-02    1.9162780E+00    2.2563743E-04 
   3      -2.1223814E-03    1.9131756E-04   -2.1223814E-03 
  SUM      1.1048361E+00    1.1048361E+00    1.1048361E+00    8.2405821E-01 
 
 
              ---------- WALL TYPE INT_HEAVY           ---------- 
 
       THERMAL CONDUCTANCE, U=     3.77143 kJ/h m2K; k-Wert=     0.88925 
W/m2K 
 
                        TRANSFERFUNCTION COEFFICIENTS 
   K            A              B              C              D 
 
   0       2.2003632E+01    4.4432330E-03    5.0723879E+01    1.0000000E+00 
   1      -4.1363669E+01    1.6883986E-01   -8.1083611E+01   -1.0901639E+00 
   2       2.3659977E+01    2.6573279E-01    3.3999107E+01    2.2193438E-01 
   3      -3.8831683E+00    4.2906742E-02   -3.1919056E+00   -3.8495793E-03 
   4       6.5700266E-02    5.2678872E-04    3.4989372E-02    1.3237214E-06 
   5      -2.2143061E-05    2.3072379E-07   -9.5725934E-06 
  SUM      4.8244964E-01    4.8244964E-01    4.8244964E-01    1.2792225E-01 
 
 
 
 
  ************* REQUIRED INPUTS ************* 
 
 
*InpNR Label     UNIT     INPUT DESCRIPTION 
 
*   1 TAMB       °C       AMBIENT TEMPERATURE 
*   2 ARELHUM    %        RELATIVE AMBIENT HUMIDITY 
*   3 TSKY       °C       FIKTIVE SKY TEMPERATURE 
*   4 ITNORTH    kJ/hm2   INCIDENT RADIATION FOR ORIENTATION 
NORTH                                    
*   5 ITSOUTH    kJ/hm2   INCIDENT RADIATION FOR ORIENTATION 
SOUTH                                    
*   6 ITEAST     kJ/hm2   INCIDENT RADIATION FOR ORIENTATION EAST                             
*   7 ITWEST     kJ/hm2   INCIDENT RADIATION FOR ORIENTATION WEST                            
*   8 ITHORIZONT kJ/hm2   INCIDENT RADIATION FOR ORIENTATION 
HORIZONTAL                               
*   9 ITNORTHEAS kJ/hm2   INCIDENT RADIATION FOR ORIENTATION 
NORTHEAST                                
*  10 ITNORTHWES kJ/hm2   INCIDENT RADIATION FOR ORIENTATION 
NORTHWEST                                
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*  11 ITSOUTHEAS kJ/hm2   INCIDENT RADIATION FOR ORIENTATION 
SOUTHEAST                                
*  12 ITSOUTHWES kJ/hm2   INCIDENT RADIATION FOR ORIENTATION 
SOUTHWEST                                
*  13 IBNORTH    kJ/hm2   INCIDENT BEAM RADIATION FOR 
ORIENTATION NORTH                                    
*  14 IBSOUTH    kJ/hm2   INCIDENT BEAM RADIATION FOR ORIENTATION 
SOUTH                                    
*  15 IBEAST     kJ/hm2   INCIDENT BEAM RADIATION FOR ORIENTATION 
EAST                                     
*  16 IBWEST     kJ/hm2   INCIDENT BEAM RADIATION FOR ORIENTATION 
WEST                                     
*  17 IBHORIZONT kJ/hm2   INCIDENT BEAM RADIATION FOR 
ORIENTATION HORIZONTAL                               
*  18 IBNORTHEAS kJ/hm2   INCIDENT BEAM RADIATION FOR 
ORIENTATION NORTHEAST                                
*  19 IBNORTHWES kJ/hm2   INCIDENT BEAM RADIATION FOR 
ORIENTATION NORTHWEST                                
*  20 IBSOUTHEAS kJ/hm2   INCIDENT BEAM RADIATION FOR 
ORIENTATION SOUTHEAST                                
*  21 IBSOUTHWES kJ/hm2   INCIDENT BEAM RADIATION FOR 
ORIENTATION SOUTHWEST                                
*  22 AINORTH    °        ANGLE OF INCIDENCE FOR ORIENTATION NORTH                          
*  23 AISOUTH    °        ANGLE OF INCIDENCE FOR ORIENTATION SOUTH                           
*  24 AIEAST     °        ANGLE OF INCIDENCE FOR ORIENTATION EAST                                 
*  25 AIWEST     °        ANGLE OF INCIDENCE FOR ORIENTATION WEST                               
*  26 AIHORIZONT °        ANGLE OF INCIDENCE FOR ORIENTATION 
HORIZONTAL                               
*  27 AINORTHEAS °        ANGLE OF INCIDENCE FOR ORIENTATION 
NORTHEAST                                
*  28 AINORTHWES °        ANGLE OF INCIDENCE FOR ORIENTATION 
NORTHWEST                                
*  29 AISOUTHEAS °        ANGLE OF INCIDENCE FOR ORIENTATION 
SOUTHEAST                                
*  30 AISOUTHWES °        ANGLE OF INCIDENCE FOR ORIENTATION 
SOUTHWEST                                
*  31 SHADE_S    any      INPUT  
*  32 SHADE_E    any      INPUT  
*  33 SHADE_W    any      INPUT  
*  34 SHADE_SE   any      INPUT  
*  35 SHADE_SW   any      INPUT  
*  36 SHADE_NE   any      INPUT  
*  37 SHADE_NW   any      INPUT  
 
 
 
 
  ************* DESIRED OUTPUTS ************* 
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*OutNr Label     Unit    ZNr Zone      Surface      OUTPUT DESCRIPTION 
 
*   1  TAIR   1  °C        1 OFFICE_BLD       air temperature of zone 
*   2  QSENS  1  kJ/h      1 OFFICE_BLD       sens. energy demand of zone, heating(-
), cooling(+) 
 
 
 
              *** THERMAL CONDUCTANCE OF USED WALL TYPES *** 
 
             WALL EXTERNAL                  k-Wert=     0.280 W/m2K 
             WALL FLOOR                     k-Wert=     0.310 W/m2K 
             WALL ROOF                      k-Wert=     0.207 W/m2K 
             WALL CEILING                   k-Wert=     1.704 W/m2K 
             WALL INT_LIGHT                 k-Wert=     0.350 W/m2K 
             WALL INT_HEAVY                 k-Wert=     0.889 W/m2K 
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