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Abstract 

This study aimed to look at the prospects of reconstructing a house into energy efficient 

building. The house was built in 2013 and placed in Iraqi Kurdistan. The house consumes a 

significant amount of energy; it is a three story building in which first floor consider as the 

hobby area as well as the car parking. By measuring and examining the construction of this 

house, new solutions have been found; these solutions meet the requirements for energy 

efficient buildings in a hot and dry climate. With the new solutions for house reconstruction, 

energy calculations have been carried out with both hand calculation and a program so-

called IDA ICE   to verify that the new solution meets the requirement of the energy efficient 

building. 

The result of the work shows that it is possible to reconstruct the house into an energy 

efficient building. The reduction of the energy consumption then becomes noticeably 

reduced in comparison with the present consumption. 

 

Keywords: Energy calculations, Energy efficient building, Hot and Dry climate, Natural ventilation, One-family 

house, Outdoor air flow rate, Outdoor climate, Roof construction, Slab construction, wall construction. 
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Summary 

The energy consumption worldwide is very high and it has increased for a long period of 

time. Most of this energy consumption still refers to fossil fuels, and it is very likely that this 

has a very strong link to a very significant future global warming as well as other important 

impacts on the global climate. In this paper, a technical process for developing energy 

performance for building industry in Kurdistan is presented.  This report came about because 

of inappropriate and high energy consumption of the residential buildings in Kurdistan. For 

this purpose primarily, an existing building in Kurdistan was defined and an analysis of all 

parts of the building was conducted. The house is one family house and was built in 2013. It 

is a three-story building with a total floor area of 487  . It is a very large building for one 

family house in comparison with Swedish one family houses, but it is quite normal one 

family house in the Kurdistan region. Moreover, it should be consider that the first floor of 

the building is not for living area but it is the hobby area and the car parking. The building 

has a natural ventilation system. For measuring and examining the building properties some 

interviews have done with an architect who has many years experience in building 

construction in the region. In the second phase, the building was reconstructed imaginarily 

to be energy efficient by changing all the parts of the building and make them well-insulated 

and more sustainable. The most important reason that why the house consumes a large 

amount of energy is that the building is not insulated as well as the windows has very poor 

U-value. To clear up this problem, all parts of the building were insulated based on the 

studies which have done in similar climate. In addition, new windows with very low U-value 

were replaced. Then, two different methods were used to calculate the amount of energy 

consumption for active heating and cooling in the building; the methods were a hand 

calculation and an estimate made by energy simulator software called IDA-ICE. 

There was a big issue for energy calculation both with hand and computer calculation. It was 

climate data for Erbil city. To solve this problem a climate data from a program called 

Meteonorm have been taken and thereafter imported to IDA-ICE program. 

IDA Indoor Climate and Energy (ICE) is a program for studying the indoor climate of 

individual zones within a building, as well as the energy consumption for the entire building. 

Then, the energy consumption of the conversed (imaginary) building was recalculated with 

both hand calculation and a computer simulation program again to discover how much 

energy can be saved in the building by applying the concept of energy efficient building. 

Rather than energy calculation, some recommendations have been considered regarding 

preventing moisture damages in the building components. Condensation problem in warm 

climates are distinctly different from those in cold-winter climates. During summer days 

when outside temperature is very high, water vapor moves into the wall from outside to 

inside and may condense on colder surface. The risk of condensation is higher when external 

walls are insulated.  
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The calculation results shows that by improving the external walls, the roof construction and 

the slab on grade, and by changing the windows, the annual energy demand for active 

heating and cooling can be reduced by 71 % - 79 % in this example. However, the energy 

losses caused by ventilation after the conversion account for 57 % of the total heat losses 

caused by ventilation and transmission. There are two different options to solve this 

problem. The first option is to maintain the natural ventilation but to improve the air 

tightness of the building. The other option is to apply a mechanical supply and an exhaust air 

system including heat exchanger with high temperature efficiency, but this option is more 

expensive and complicated than the other option. 

Finally it can be concluded that the concept of the energy efficient building in Kurdistan is 

absolutely a good solution, which can reduce a large amount of energy consumption for 

active heating and also cooling. However, there are challenges for the implementation of the 

concept, for instance, the acceptance and awareness of the people. They should be 

convinced that through an energy efficient building they can save much money in the long 

run, even though the process of construction energy efficient building needs more money in 

comparison to a traditional building.  
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SAMMANFATTNING  

Detta examensarbete syftar till att se på möjligheterna att bygga om ett traditionellt 

enfamiljshus i Kurdistan till ett energieffektivt hus. Eftersom det finns ett stort behov av 

energieffektivisering för byggnader i denna region har det blivit avgörande med att finna 

strategier för att hjälpa till att minska energiförbrukningen. Därför är energi en aktuell fråga i 

den kurdiska regionen, även om det finns en hel del energikällor som exempelvis olja och 

naturgas samt förnybar energi som solenergi, men det finns gränser för användning av dessa 

källor. Under de senaste åren har oljepriset ökat kraftig. Samtidigt vill den kurdiska regionala 

regeringen investera i oljereserver och naturgas för att bygga den grundläggande 

ekonomiska struktur och infrastrukturen i regionen. När det gäller solenergi, är det inte 

billigt heller och det krävs resurser för att kunna utnyttja solenergin.  

För att kunna undersöka möjligheterna till denna ombyggnad har ett befintligt hus i 

Kurdistan undersökts. Ombyggnation av huset har redovisats i detalj avseende 

byggnadsteknik, och både handberäkningar och datorberäkningar visar byggnadens behov 

av både aktiv uppvärmning och kylning före och efter några olika åtgärder för att minska 

energianvändningen. Konceptet energieffektivt hus har diskuteras för att ge inspiration och 

kunskap om hur man kan använda tekniken för energieffektiva hus vid ombyggnation och för 

att se om det är möjligt att skapa ett lågenergihus vid ombyggnation i regionen eller inte.  

Huset är ett enfamiljshus med trevåningar med marmorfasad som byggdes 2013. Rapporten 

har indelats i tre kategorier. Den ena handlar om byggnadstekniska åtgärder som 

exempelvis, tilläggsisolering av fasader, tak och byte av fönster. Den andra kategorin handlar 

om handberäkning av energiförbrukningen för värme- och kylbehov. Den sista delen handlar 

om beräkning av energibehov för kyl och värme med hjälp av ett energisimuleringsprogram 

som kallas IDA ICE. 

Resultatet från beräkningarna visar att energibehov för aktiv uppvärmning och kylning av 

byggnaden minskas mellan 71 % till 79 %. Åtgärderna för att minska detta energibehov är 

bland annat byte av gamla fönster till bättre fönster med lägre U-värde, värmeisolering av 

väggarna, taket och golvet, dessutom förbättrat lufttäthet av byggnaden. Det visar att det 

rent tekniskt och energimässigt är möjligt att utföra denna ombyggnad av ett traditionellt 

hus i Kurdistan till ett energieffektivt hus. Ombyggnaden i sig kommer dock vara omfattande 

för att klara kraven. 

Till slut konstateras de problem som finns för att utföra ombyggnationen i regionen. Det 

finns flera aktörer som är inblandade i den här processen som till exempel, arkitekter, 

byggingenjörer samt invånare som kan fungera som en utmaning i energieffektiviseringen av 

byggnader i Kurdistan. Alla aktörer spelar en lika viktigt roll för att genomföra det här 

konceptet i regionen. 
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1 Introduction 
There is a relation between economic progress and energy demand. In the last decades, 

energy demand has been increased in the entire world, especially in developing countries. 

Consequently, energy prices have been raised strongly and it is estimated that it will 

continue to rise in future years.  As in all other countries, the energy demand in the Iraqi 

Kurdistan region has increased gradually.  Kurdistan is located in an area rich on oil and 

there seems to be no problem for the people to reach energy sources, but today there is 

an effort in the Kurdistan regional government to extract reserves of oil and natural gas to 

rebuild the basic economic, industrial and agricultural infrastructure in the region. 

However, a large amount of the energy consumption of the region is still prepared by 

fossil fuels, but the policy of the Kurdistan regional government is to invest these sources 

in the regeneration of the region. In order to achieve this goal, the domestic consumption 

of oil and gas must be limited. It is not possible to reduce the use of fossil fuels as a 

domestic consumption unless alternatives are found. Some solutions are suggested, for 

instance, renewable energy sources are good alternatives. Another alternative is to use 

the concept of energy efficient buildings in order to construct buildings that have the 

advantage of being sustainable in the long term. Moreover, with regards to the 

community, the primary concern is to have sustainability in the developments of the 

construction industry. Low energy consumption has lower effects on the global 

environments. This awareness has caused many studies and research related to climate 

design to maximize indoor comfort with a minimum and an efficient use of the energy 

(Husami, 2007).      

1.1 Background 

Energy saving is becoming more and more important in the world, because of a possible 

energy shortage in the future. In Kurdistan, where hot-arid climate prevails, present 

economic and political circumstances are the main reasons why there is a significant energy 

shortage although Kurdistan has a spare operational capacity of oil supply in comparison 

with other countries around the world. A significant need for energy efficient design 

strategies for residential buildings in this region has become essential in order to help 

decreasing demand for active heating and cooling. Climatic design strategies are effective in 

reducing building energy demand for active heating and cooling. Moreover, energy is a 

current issue in the Kurdistan region, even if there are a lot of energy sources, for instance, 

fossil energy like oil and natural gas which is use for production of electricity as well as for 

active heating and hot water production. Also, the use of renewable energy like solar energy 

is very limited in the region. For example the price of fossil energy have risen in the last years 

and the Kurdistan regional government have plan to extract oil reserves and natural gas to 

rebuild the basic economic, industrial and agricultural infrastructure in the region. 

Furthermore, the capturing of solar energy is not cheap even if it’s abundant and that is the 

primary reason why solar power does not contribute to the energy production. Solar energy 

remains many times more expensive than power produced by fossil fuels, even though oil 
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and natural gas prices rise. On other hand, residential buildings have poor design regarding 

insulation and ventilation system. Material used in building constructions are usually stone, 

brick, concrete marble and gypsum. There is no insulation in any building components. 

Subsequently, buildings have very bad indoor climate (Berghi, 2014). The outdoor 

temperature is often between 40 and 50 °C in summer, and this means that a lot of 

electricity is used for active cooling (AC = Air Conditioning) in many buildings. The winters 

are also comparatively cold and for that reason a lot of energy is used also for active heating 

during the winters. With a very low standard regarding thermal insulation for the buildings 

the demand for both cooling and heating is much higher compared to what it would have 

been with better thermal insulation. One basic idea with this degree project is to show 

examples of possible energy savings when the thermal insulation is improved. 

1.2   Objectives and goal 

The main objective of this work is to contribute to the understanding of realistic sustainable 

solutions to develop energy efficient buildings in a hot, arid climate, in this case in the 

Kurdistan region. Subsequently, export the concept of the energy efficient building to the 

region. General problems of buildings in hot climates are taken into consideration. To 

achieve this aim, all factors which affect building design to reach to thermal comfort will be 

reviewed such as, the building lay out, the orientation and building envelope. Also problems 

that appeared in non-structural components like, external walls, openings, roofs and other 

components will be discussed and analyzed. Other terms like domestic hot water supply will 

be mentioned.  The goal can be reached by investigating the experience of using various 

relevant technical solutions in developing countries with the same climate conditions 

comprising  traditional design elements in Kurdistan, as well as identifying barriers to 

develop the applied solutions. The goal is to export the concept of energy efficient buildings 

as much as possible to maximize indoor comfort by minimizing the adverse climate effect 

with a minimum of energy consumption. 

1.3 Question formulation 

 What are the building properties in traditional houses in Kurdistan? 

 Which are the main building problems with the current construction system in that 

region? 

 How much energy is demand for active heating and cooling in a traditional house in 

Kurdistan? 

 How can design strategies and techniques be applied to improve energy efficiency of 

buildings in the hot climate of Kurdistan? 

 How much energy can be saved by applying the concept of energy efficient buildings 

instead those used in the traditional house? 

 What are the main drivers and barriers to integrate energy efficient design strategies 

and technical solutions into buildings in hot climate of Kurdistan? 

 



 
 

3 
 

1.4 Limitations  

The focus in this rapport is the annual heating and cooling demand in the traditional one- 

family houses of Kurdistan before and after conversion to a more energy efficient building. 

There are no deeper studies of moisture problem; however there are some 

recommendations about how to prevent moisture damage in different parts of the building. 

Different factors regarding indoor air quality is not measured either. No detailed studies are 

made regarding thermal bridges at this level of project. The report is limited to analyses and 

improvement of the thermal resistance of different parts of the building envelope as well as 

analyses of the outdoor air flow rate. The cost required for improvement of the building is 

not estimated either.  

Requirements and limitations of this report refer only to the buildings in a hot and arid 

climate. 

1.5 Method 

1.5.1 Literature study 

The report began with a literature study to gain basic knowledge on energy efficient 

buildings in a hot and arid climate, such as books, articles, and master theses on the subject 

of energy efficient and sustainable buildings. Proposed and implemented technical solutions 

used in hot and arid climate were reviewed. The studies that where found useful are within 

the field of natural ventilation and outdoor air flow rate. Some useful studies and research 

have been done regarding outdoor air flow rate in hot, arid climates. “Energy Use of Single-

family Houses with Various Exterior Walls” by John Gajda (2001) is a very useful reference 

for this work. John Gajda indicates outdoor air flow rates for different type of houses in the 

U.S. However, the values used represent standard values from ASHRAE (American Society of 

Heating, Refrigerating and Air Conditioning Engineers). 

In order to find proper building assemblies in a hot and arid climate, several studies were 

reviewed. Joseph Listiburek in Building Science Corporation (2005) has recommended some 

wall constructions for different climates. His recommendations are based on the usage of 

vapor barriers on the correct side of the wall construction.  

When it comes to finding information about flat roof construction, several researches were 

found. The most useful research regarding flat roofs are “solution for flat roofs” by Stefan 

Vasiliu (2008) and “insulation systems for flat roof”. There are recommendations about 

suitable materials in different layers of a flat roof construction in these studies. For example 

proper thermal insulator and water proofing materials are recommended. 

Joseph Lstiburek in “Builder’s guide to Hot-Dry & Mixed-Dry climates “(2004) recommends 

the innovative building methods and technologies that achieve significant energy and cost 

savings. This book has been helpful in order to find effective solutions for floor slab 
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constructions. This builder’s guide focuses on constructions in hot-dry and mixed dry hygro-

thermal regions with a low rain exposure.  

1.5.2 Interviews 

There were interviews within an architect to collect information about the materials used in 

the conventional buildings in Kurdistan. The architect who has been interviewed has many 

years experience among building construction in the region. All these information forms the 

basis of this study. Interviews have done through telephone. 

1.5.3 Calculations  

1.5.3.1 Hand calculation 

Two different methods are used in order to calculate the annual heating and cooling 

demand of a traditional building in Kurdistan. First, energy required for heating and cooling 

was calculated manually (by hand). For this purpose we needed to collect required 

information, for instance the mean monthly outdoor temperatures and the solar radiation of 

the region. The problem was that the data on outdoor temperatures and solar radiation in 

Kurdistan were not available in our data system, so therefore we had to import data from 

another computer system. This information was obtained through software called 

Meteonorm. 

1.5.3.2 IDA ICE calculation 

 Thereafter, the calculation was carried out by computer simulation with the IDA-ICE 

program information. Finally results were compared with each other. IDA indoor Climate and 

Energy (ICE) is a powerful and trusted simulation application for study of the indoor climate 

of buildings as well as of energy consumption for the building for the whole year. In IDA ICE, 

it is possible to import files in the form of 2D and 3D cad. It also supports IFC BIM models, 

generated by ArchiCAD, Rvit, Autocad, MagicCad and many other tools.  

First of all, the model that needs to be simulated is divided into one, two or several zones. 

Thereafter, necessary information must be defined in the system, for instance information 

about building components, air handling units, orientation, shading, infiltration…etc. It 

should be considered that predefined building components and other parameters can be 

loaded from the database. Information about weather data files can also loaded from the 

data base. In case if there is no file for the required climate in the data base, there is an 

opportunity to import your own climate file.  IDA ICE ordinarily requires hourly values of 

direct and diffuse radiation as well as hourly outdoor air temperatures for its operation. The 

latitude, longitude are also required as input. (EQUA, 2014)  
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2 Context-situational setting of problems in Erbil 

2.1 Climate of Erbil 

It is important to analyses the climatic scenario of the Kurdistan region and understand the 

typical behavior of buildings in different seasons. A Thermal discomfort occurs in buildings if 

an effective -strategy is not adopted for reducing the energy losses from the buildings. (I.e. 

heat going into buildings during summer should be reduced, as should the heat losses from 

buildings during winter.). Many factors can affect thermal comfort in humans; for instance, 

outdoor temperature, relative humidity and air flow. Other strategies should also be 

considered for facilitating air flow, because if there is no air flow, the rate of occurrence 

thermal comfort is around 44 percent at temperatures below 28.69⁰C, but if there is an air 

flow of 0.7m/s, the rate of occurrence of thermal comfort can increase to 100 percent 

(Ashen 2009). Erbil is the largest city of the Kurdistan region and known as Hewler. It is 

located about 88 kilometers east of Mosul. Erbil is situated at 32.2⁰ North latitude and 

44.02⁰ East longitude and 453 meters elevation above the sea level. (See figure 1). The 

climate of Erbil can be classified as semi-arid continental and is characterized by extreme 

conditions. Summer is characteristically very hot and dry while winter is known to be very 

cold with rainfall and occasional snowfall (Azeez Saeed, 2003). 

 

Figure 1. Location of Erbil, Kurdistan. (World Atlas, 2014) 

2.2 Annually temperature variation 

The region is hot and dry in the summer and cold and wet in the winter with large 

temperature differences between day and night and between summer and winter, the 

highest temperature is in July, and the lowest temperature in January. The figure 2 shows 

the mean monthly outdoor temperature in Erbil (the capital city of the Kurdistan region) in 

comparison with Västerås city:  
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Figure 2. Mean outdoor monthly temperature for Erbil and Västerås. (Meteonorm, Global Meteorogical 
Database, Version 7.) 

2.3 Solar radiation 

The Kurdistan region is highly rich on solar energy. Solar radiation is very important to 

reduce energy demand for active heating in the winter but at the same time it can increase 

the energy demand for cooling in buildings in the summer. It depends on properties of the 

building (Shwan Husami 2007). The amount of solar radiation through the windows in Erbil is 

1205 kWh/  , year from the south and 453 kWh/  ,year from the north. In the following 

figure the solar radiation from the north and the south direction is shown for the whole year 

through a window in Erbil in comparison with Stockholm. (See figure 3) 

 

 

 

Figure 3. Solar radiations toward windows in Erbil and Stockholm. South orientation receives maximum solar 
radiation during the winter which is preferable. East and West receive maximum solar radiation during the 

summer. (WINSUN 0702 Arkitekt SOLAR Performance Estimations) 
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3 Theoretical framework 

3.1 Energy efficient residential buildings 

Buildings separate the outdoor environment from the indoor. Their main functions are to 

regulate the temperature, air movement, humidity, rain, snow, light, dust, odors, noise, 

vibrations, insects and vermin. They should fulfill these requirements in a safe, healthy and 

durable way. In the past, the building design was based on building practices developed 

through an evolutionary process of trial and error, but in the last decades, the design of the 

buildings has changed dramatically and become much more energy efficient. There have 

been three important changes to the way we build houses: 

1. Change in thermal insulation 

2. Improving of air tightness 

3. The advent of forced air heating and cooling systems (Lstiburek, 2004). 

There are many technical issues when planning an energy efficient building. It has the great 

advantage that it does not need external energy sources, consequently it reduces energy 

consumption and it also decrease environmental pollution. (Ashen, 2009)  

3.2 Basic principles in energy efficient building design 

3.2.1 Orientation of the building 

Primarily, the orientation of the building has significant influence for energy consumption. 

The quantity, orientation and proportion of glazed surface are three important parameters 

in this issue. The big glass surface on the southern side of a building contributes to the 

increase of the heat absorbing capacity of the building in the winter season. In order to avoid 

solar heat gain during summer the glazed surface should be equipped with suitable shading 

devices. (Bahrami, 2008)  

3.2.2 Shape of the building 

The Building shape is a very important element at an early stage of the design and it has a 

strong impact on the energy consumption of the building.  Szuppinger (2011) emphasized 

that compact shape of a building is better than incompact one. He claimed that an L-shaped 

house consumes more energy than a cubic one because of their wall surface size and it 

causes more heat losses. 

3.2.3 Shading 

Shading contributes to the reduction of solar radiation. The usage of shading becomes more 

important in warmer climate and especially in summer season. Providing shade screens has 

low costs and is a flexible method for controlling solar heat gain. They absorb and reflect a 

large portion of the sunrays before they reach the windows (Lstiburek, 2004). Using suitable 

shading device in the summer can reduce cooling energy in the summer, device such as 

overhangs, awnings and blinds that can used for this purpose (bahrami,2008). 
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3.3 Building envelope 

3.3.1 External walls 

External walls are most likely one of the most important part of a building envelope. A high 

quality external wall should be strong, stable, durable, moisture resistant and thermal 

resistance...Etc. They should be fire safe also; these are the main functional requirements of 

the external wall (Van der merwe, 2011).  

A large amount of solar radiation is received by building envelopes; many factors can affect a 

proper wall construction and achieve thermal comfort conditions such as the heat storage 

capacity and the heat conduction property of walls. Wall materials and the thickness of the 

wall can be selected based on the heating and cooling demand, the most important 

elements of the wall system are: 

1. Exterior cladding 

2. Drainage plane 

3. Air barrier system 

4. Vapor retarder  

5. Insulating element (ECBC Envelope for Hot & dry Climate, n.d.). 

In a hot climate zone, the main objectives in design and construction of wall assemblies are 

the control of the movement of water vapor, air and heat through the building envelope. 

Controlling liquid water in walls can be done by putting a drainage gap and a drainage plane 

into the wall. The drainage plane layer can be a house wrap, building paper, asphalt 

impregnated felt or taped insulated sheeting. It is also recommended to use vapor retarder 

to stop vapor diffusion to go through the wall, Vapor pressure moves water vapor from 

indoors to outdoors during cold-dry weather and from outdoor to indoors during hot-humid 

weather (Gilbride, Hefty, Cole, Adams & Noonan, 2011). The most important factor that 

needs to be taken into account more than any factor is heat the flow through the building 

envelope. Heat flows from a warm area to a cold area and each material in building 

components contributes to heat flow at different rates. A material with lower heat transfer 

rate is considered as a good insulator. U-value is a unit to describe how well or bad a 

building component is insulated, and it is defined as the rate at which heat is transferred 

through the external envelope of a building, the lower U-value a building component has, 

the slower heat transfers through the component (Arnold, 2010).  Energy-efficient building 

design starts with implementing optimum insulation levels. Evaluating the cost-effectiveness 

of varying insulation R-values allows you to maximize long-term benefits. But proper 

insulation is not all that is required for external walls; it should rather be well-designed to 

resistance against moisture damage. Moisture can come in or out of a building form the 

inside or the outside and building assemblies can start out wet as a result of the construction 

process due to wet building materials or construction under wet conditions. The Following 

strategies are used to reduce the risk of moisture damage: 
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 Control of moisture entry 

 Control of moisture accumulation 

 Removal of moisture 

The risk of condensation of interior moisture increases with climate change and when the 

monthly outdoor temperature decreases in the winter (Lstiburek, 2004). Lstiburek (2005) 

suggested a wall construction in which all of the thermal insulation was installed in the 

inside of the wall component and to the interior of the vapor barrier; He also added that this 

wall construction is suitable for a hot-dry climate not for a cold climate. The wall is durable 

because of the block construction and the associated moisture storage capacity. One of the 

most important concepts in this wall construction is the use of insulating sheathing  to warm 

up the temperature of potential condensing surface(see figure 4).  

Material used in external walls in the Kurdistan region are gypsum for inside of the wall, 

stone , brick ,mud bricks and concrete block for the outside wall, The thickness of the wall 

varies form 20-40 cm(see figure 5). 

 

 

 

 

 

  

 

 

 

 

 

 

3.3.2 Roof 

Roof is also is one of the most important elements of building. Roof with walls and 

ventilation are most important parameters in a building that contributes to heating load in 

old and uninsulated buildings (Huang, Hanford& Yang, 1999). The roof is close the building at 

the upper part and its function is to protect the building against rain, snow, wind, sun and 

temperature variations. In case of failure in the roof design, it might affect other elements of 

the building. There are two types of roofs; sloped roofs and flat roofs. 

 

Figure 4. External wall construction in hot-dry climate. As seen in the 

picture all of the thermal insulation is installed to the interior of the 
vapor barrier and therefore it is not recommended in cold regions. 
Block construction makes the construction durable, it is associated 
moisture storage capacity. The wall construction does contain water 
sensitive cavity insulation unless spray foam is used. The vapor barrier 
in this wall construction acts like a drainage plane and air barrier. 
(Lstiburek, 2005) 

 

 

Figure 5. A traditional external wall in Kurdistan, 

most common material used in façades are, brick, 
limestone and marble. Thermal insulation materials 
are not used in building envelopes; some common 
wall finishing materials are a layer of gypsum, paint 
or wall paper. (Berghi, 2014) 
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In case of a flat roof, there are two of the most common kinds of problems; thermal 

movement of material and interstitial condensation. Thermal movement occurs when an 

area of roof covering will tend to expand or contract because of temperature differences in 

day and night, these movements may happen because of expansion coefficient of material 

and external temperature. Interstitial condensation can happen when the outside 

temperature is low. Warm, moist, internal air from inside the building passes through the 

roof structure when its pressure is relatively higher than the cold external air, at the meeting 

point of warm air and colder air, condensation occurs and will result in dampness in the roof. 

In the summer there is a risk for condensation in the building with air condition system. This 

defect can be solved by thermal insulation material (Divsalar, 2011). Material with thermal 

conductivity less than 0.25 W/mK are considered as thermal insulator materials (Vasiliu, 

2008). 

The figure 6 shows an example for a well-

functional roof. The Protection of thermal 

proofing layer against moisture from the 

concrete slope is made of bitumen or 

bitumen applied by painting. Bituminous 

seeks to avoid direct contact between the 

isolated element and water or solutions 

which can cause corrosion of material or 

worsening some of the characteristics. It 

must be applied in a thin layer in order to be 

impermeable and insensitive to water or 

vapor solutions. In this system a thermal 

barrier or insulation is provided over the reinforced concrete, so that the heat of the sun is 

not allowed to reach the reinforced concrete slab of the roof at all. 

In this way we can protect the reinforced concrete from getting heated up. Once the 

reinforced concrete is heated up there is no other way for the heat to escape other than 

inside the building So even though the thermal barrier is provided under the reinforced 

concrete, as in under deck insulation, some heat passes through it and heats up the 

ambience of the room. 

The roof type adopted in Kurdistan is 

mainly flat roof. The conventional 

materials used in roof component in 

Kurdistan are Gypsum, reinforced 

concrete and bituminous (see figure 7). 

 

 

Figure 6. Well-functional flat roof. In this wall construction all 
layers are completely bonded to each other. Interstitial 
moisture and water ingress into the roof can be prohibited by 
the insulation layer. The insulation layer itself creates a 
waterproofing layer. (Insulation system for flat roof, 2010) 

 

 

 

Figure 7. A traditional roof construction in Kurdistan, 
Bituminous layer is used as moisture resistance material, 
and like a wall construction, no layer of thermal insulation 
is used in the roof construction either. ( Berghi, 2014) 
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3.3.3 Slab 

One of the most significant components of a building is its foundation. There are three 

different forms of foundation in residential construction, slabs, crawlspaces and basements. 

Concrete, masonry and wood are materials that usually used for construction of 

foundations. Foundations are integral to overall home performance. They help control water 

penetration and dampness, keep the heat in during winter and keep the heat out during 

summer. Paying attention to details when constructing the foundation will help prevent 

moisture build up, mold and mildew. 

Regarding slab ground foundation, the most important factor that should be taken into 

account is moisture. Water vapor should be prevented from going to the inside of building 

and if it gets in, it should be let out. Freshly cast concrete store water in itself and this 

moisture of construction has to dry somewhere and it usually dries on the inside. Coarse 

gravel (no fines) and a layer of vapor retarder (usually polyethylene) are puts under the 

concrete slab to prevent water and water vapor from getting into the slab from the bottom. 

But it should be considered that for the water, which is already in the gravel does nothing for 

it, and this concrete should sufficiently dry before installing flooring and carpets or tile. 

Otherwise it leads to mold and lifted tiles. 

Another problem that can occur for slab 

construction in hot-dry climates is saturated 

plantings around the house that causes interior 

mold. Because of these plants, the ground 

around the slab can become wet and saturated 

and consequently deteriorate the wall 

component (see figure 8). Capillary breaks should 

be put for slab perimeters to avoid ground 

humidity. Where the floor is coated with finished 

wood floor or carpet or when moisture flow 

upward is small, Lstiburek (2004) recommends a 

“floor coating”. In this construction over the slab 

a rigid insulation and a thin layer of extruded 

polystyrene is placed (¾ inch or less). Attention 

must be paid that carpets should not put directly 

on below grade slabs unless the slabs are 

insulated, it leads to mold growth. (See figure 9)    

 

 

Figure 9. Slab top side vapor control. 
(Lstiburek, 2004) 

 

 

 

Figure 8. The irrigated plantings surrounding 
the house can be a major source of interior 
mold in hot-dry climates and it leads to 
wetting of the slab and consequently 
deteriorates the wall. (Lstiburek, 2014) 
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The floors in the buildings in Kurdistan 

are mainly done with compacted soil or 

stone as a bottom layer, concrete slab 

and parquet or tiles as a floor coating 

(see figure 10).  

 

3.3.4 Windows and doors 

Window and doors connect the interior 

of a building to the outdoors. Ventilation and daylight is supplied by these elements of 

building, they also are aesthetic elements of building.    Several factors can affect the energy 

use in a building due to windows such as the climate, the window orientation, and the area, 

the shading conditions and window’s frame and glazing. Buildings in which windows facing 

north use less energy than buildings with 

facing east, north or west facing but 

differences can significantly decrease with 

windows that have high performance and 

shading strategies. The Window area has also 

an impact on energy consumption of 

buildings. The usage of energy increases with 

window area with clear and high-solar-gain 

glazing; with high-performance windows this 

impact would be low, even in windows with 

large area (efficientwindows.org, 2013). 

There are three sources of energy flow through windows, heat losses or gain by conduction 

or convection, solar heat gain by solar radiation and air flow in the form of ventilation and 

infiltration (see figure 11). 

A very small window U-value leads to a large reduction in heat losses in winter but only a 

small reduction in summer air-conditioning load in hot and dry climate. For reduction of heat 

gain by solar radiation through windows in summer, windows should have low E-coating. 

Proper windows in hot and dry climate are Double low-e-glazing with a U-value less than 1.3 

W/  K (Schuwer, Klostermann, Moore & Thomas, 2012) and SHGC of 0.29, it should be 

mentioned that SHGC is dependent on the windows area and it can vary somewhat with 

windows size ( U.S. Department energy, 1997). 

For exterior doors the required U-value should be less than 1.25 W/  K (California energy 

commission, 2013) 

3.4 Thermal bridges 

Thermal bridges are one of the sources for energy losses during the heating and cooling 

season in a building. It can also contribute to other problems such as interior surface 

 

Figure 10. A traditional slab construction in the 
buildings in Kurdistan. Floor coating is in direct 
contact with concrete slab. This often causes 
problems, such as mold growth and condensation 
under the floor coating. (Berghi, 2014) 

 

 

Figure 11. Energy flow through windows. (U.S 
Department, 1997) 
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condensation problems. Thermal bridges can usually occur in window-to-wall, roof-to-wall, 

wall-to-balcony slab and wall-to-wall interface.  This geometric connections between 

elements of a building cause energy losses and must be reduced or eliminated as much as 

possible (Totten, O’Brien & Pazera, n.d.).  

In a passive house to avoid the heat losses through thermal bridges, there is a recommended 

limit for a psi (ψ) value of ≤ 0.01 W/Mk (McLeod, Mead & Standen, n.d.). 

For hot and dry climate ‘No thermal bridges’ is recommended (Schuwer, Klostermann, 

Moore & Thomas, 2012). 

3.5 Infiltration 

The outdoor air flow rate control is an important component of the energy efficient house. 

Tightening the structure with sealants has several positive impacts such as lower energy 

losses, which reduces the chance of mold and rot because of moisture. Outdoor air flow rate 

is sometimes called infiltration, which is the unintentional or accidental introduction of 

outside air into a building, typically through cracks in the building envelope and through use 

of doors for passage.  Several factors affect the infiltration, for instance, the size of the gaps 

and pressure differences due to building height, indoor-outdoor temperature differences 

and wind pressure.  

In the winter season, temperature differences between indoor and outdoor increases and as 

a result the rate of air leakage increases. Wind pressure has also a great impact on the air 

infiltration into a building. Wind creates a positive pressure on the lower level of a building 

and negative pressure on the higher level. Wind causes infiltration on one side of a building 

and exfiltration on the other side. Air infiltration caused by wind is dependent on the 

dimensions of the house, the type and location of the air leakage and the wind speed.  

For energy efficient buildings the recommended outdoor air flow rate is 0.35 ACH as a 

minimum value. If a house is so tight that there is an outdoor air flow rate of less than 0.35 

ACH, a mechanical supply and an exhaust air system including heat exchanger with high 

temperature efficiency is required. The average value is around 0.5 ACH, while a “typical” 

house has an outdoor air flow rate of 0.78 ACH. For a leaky house the value rises to 1.6 ACH. 

(Gajda, 2001) 

3.6 Envelope requirements 

The following table lists the perspective envelope recommendations of the residential 

energy efficient buildings in a climate with a hot summer and a cold winter which varies by 

the number of floors of the building. 
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Table 1. The envelope recommendation for residential energy efficient buildings in a climate with hot 
summer and cold winter. Light construction means constructing conventional wood stud walls, floor 
and ceiling and heavy construction means buildings which are constructed with a concrete masonry 
unit, concrete blocks and mass walls. (Huang, 2007) 

 
             Bldg. envelope component 

Heat transfer coefficient (W/  K) 

Light Construction Heavy construction 

 
 
Roof  

≥ 10 story building ≤0.4 ≤0.8 

7-9 story building ≤0.4 ≤0.8 

4-6 story building ≤0.4 ≤0.8 

≤ 3 story building ≤0.4 ≤0.6 

 
 

Exterior    
wall 

≥ 10 story building ≤0.5 ≤1.0 

7-9 story building ≤0.5 ≤1.0 

4-6 story building ≤0.5 ≤1.0 

≤ 3 story building ≤0.4 ≤0.8 

Slab   ≤1.5 ≤1.5 

 

3.7 General building problems in hot climates 

The main purpose of a building is to protect the residents from the outdoors condition such 

as, heat in summer, cold in winter as well as wind and rain. Hence, a desirable indoor climate 

should be designed for buildings. A worldwide concern on source of energy and 

environmental issues is caused to consider many factors for the design of buildings.  

According to a large number of research works, in order to indicate the climate and its 

suitability of the building design and building materials, designers and/or architects have to 

be aware of the characteristics of the climate in their working environment. Furthermore, 

based on the related climatic elements, they will be able to categorize the building problems 

and apply or suggest their solutions to avoid them. This progress is defined as climatic 

design, taking into consideration the climatic parameters of the area. 

In order to design a building with thermal comfort and good indoor climate in hot climates, 

primarily, the general building problems have to be recognized. The Following factors 

generally referenced in many studies: 

 High temperature 

 High solar radiation 

 Moisture or high RH level 

 Excessive heat gain in summer 

 Heat loss during winter (Divsalar, 2011). 

In case of Kurdistan climate the factors that should be more take into consideration are, high 

temperature, high solar radiation, Excessive heat gain in summer and heat losses in summer 

in order to have good indoor climate and thermal comfort. The key objective in this study is: 
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 Reduce building energy consumption 

 Reach the maximum level of thermal comfort 

In this thesis, we will analyze a typical building construction in Erbil city, the capital city of 

Kurdistan. For this purpose we take a reference building and analyze properties of different 

parts of the building.  
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4 Case study 

4.1 Analyses a traditional building in Erbil 

The building is a relative large one family house in which there is 4 occupants in the house; 

include 2 adults and 2 children. The house built in 2013 which include 3 floors and floor area 

of 487  . This is a normal traditional house in that region, which means very large building 

in comparison with ordinary one family house in Sweden. The first floor of the building use 

for free time of the occupants in which include billiard room …etc. The building has south-

north direction, there are no windows in west and east direction and the house is 

surrounded by 2 buildings in east and west (see Figure 12 and figure 13).The house have 

natural ventilation with exhaust air terminal devices (fans) in the kitchen and 

shower/washrooms and bathrooms. The figures 14 and 15 show the north and the south 

views of the building respectively.  

 

 

Figure 12. The Plan of the building, The house includes three floors with a total floor area of 487   . (Berghi, 
2014)  

 

 

Figure 13. Elevation of the building. Original building simulation image. The house is facing south with a glazing 

area of 21.5     at the southern façade and 23.5    at the northern façade. The house has other adjacent 
buildings in the east and west. (IDA Indoor Climate and Energy) 
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Figure 14. The view of the building from the north. The glazing area to the north  is 23.5  . The windows are 

double-glazed filled with air with frame aluminum and have a U-value of 3.5       and a solar heat gain 
coefficient of 0.76. 

 

 

Figure 15. The view of the house from the south. The glazing area to the north is 21.52  . The windows are 

double-glazed filled with air with frame aluminum and have a U-value of 3.5       and a solar heat gain 
coefficient of 0.76 
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4.2 Building envelope properties 

4.2.1 External walls properties 

External wall is the most important part of a building. A lot of heat loss through un-insulated 

walls. External wall insulation is a great way to improve the building’s energy efficiency and 

keep it warmer for longer. Reduction of both heating and cooling energy demands in 

buildings depended mainly on how wall is insulated. This effect is known by U-value which 

implies the heat flow through one square meter of wall at constant temperature difference 

of 1 K (= 1 ⁰C). Following table shows list of materials used in the wall construction in the 

original building (from inside to outside): 

 

Table 2. The material used in wall constructions of the original building. Any layer of insulation was applied for 
the external walls. The U-value proposed by building code (see section 3.6) is a maximum value of 0.8        

while the achieved U-value is 1.84       which is far from the requirement of proposed U-value. (See figure 

16 for more details) 

Material Thickness(mm)   λ (    )    (       U- value (W       

        0.131  

Gypsum 20 0.222 0.091  

Brick 160 0.582 0.276  

Marble3 20 3.002 0.007  

       0.044  

Total 200  0.543 1.84 

 

 

 

 

 

 

 

 

                                                      

1
 . Thermal contact resistance for the inside of the wall. For the roof this value is 0.1 and for the floor is 0.17 

(Jonsson, 2009) 
2
 . Source: IDA Indoor Climate and Energy, Version 4.6. 

3
 . All information about the material used in the original building is taken from owner of the house and Berghi 

(the house architect).  
4
 . Thermal contact resistance for the outside of the wall. This value is the same for the roof and the 

floor.(Jonsson, 2009) 

 

 Figure 16. Cross section of the wall construction. Thermal insulation is not used 

in the wall construction. The U-value of the wall is 1.84     k. (Berghi, 2014) 
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4.2.2  Roof properties 

As discussed already, roof is another important component in which contribute in a large 

part of heat losses of a building. The typical roof component in Kurdistan is mentioned 

above; following table shows the roof element in the original building: 

The roof of original building has following properties: (from inside to outside) 

Table 3. The material used in the roof component of the original building. Energy loss through the roof of the house 
accounts for about 30% of the total energy loss (see section 4.4.3 for more details). The U-value proposed by the building 

code (see section 3.6) is a maximum value of 0.6        while the achieved U-value is 2.63        which is far 

from the requirement of the proposed U-value. (See figure 17 for more details) 

Material  Thickness(mm) λ (    )    (       U-value (       

        0.10  

Gypsum 20 0.22 0.091  

R.Concrete 150 2.55 0.06  

Bituminious 10 0.176 0.059  

       0.04  

 180  0.35 2.63 
 

 

 

 

 

 

 

 

 

 

 

 

 

                                                      

5
 . Source: u-wert, 2014 

6
 . Source: Engineering ToolBox, 2014 

 

                     Figure 17. The cross section of the roof, Such as wall construction, no 
layer of thermal insulation is used in the roof. A layer of bituminous is put on the 
top of reinforced concrete as the moisture resistance layer. The U-value of the roof 

is 2.63     k. (Berghi, 2014) 
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4.2.3 Slab properties 

The following table shows insulation properties of the slab in the original building: (from 

inside to outside) 

Table 4. Material used in the slab of the original building. Heat loss through the ground floor of the house 
accounts for about 4% of the total heat loss (see section 4.4.3 for more details). The U-value proposed by the 
building code (see section 3.6) is a maximum value of 1.5        while the achieved U-value is 1.68       . 

(See figure 18 for more details) 

Material  Thickness(mm) λ (    )    (       U-value (       

        0.17  

parquet 10 0.177 0.059  

Concrete slab 200 1.78 0.118  

Soil 250 19 0.25  

       0.04  

 460  0.637 1.68 
 

 

 

 

4.2.4 Windows and Exterior door 

Windows that used in the house are double-glazed filled with air with aluminum frame 

which has following properties: 

Solar heat gain coefficient (SHGC)= 0.76 

Solar transmittance (T) = 0.81 

U-value= 3.5 W/ m² K (U.S. Department, 1997) 

 

                                                      

7
 . Source:  new-learn, 2014 

8
 . Source: IDA Indoor Climate and Energy, Version 4.6. 

9
 . Source: IDA Indoor Climate and Energy, Version 4.6. 

 

Figure 18. Cross section of the slab construction. Floor coating is in 
direct contact with concrete slab. This often causes problems, such 
as mold growth and condensation under the floor coating. (Berghi, 

2014) 
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Exterior doors have no significant impact on the total energy loss because their surface is 

smaller than the total building envelope. The outer door is made by wood (MDF) with U-

value of 1.1 W/m² K.  

4.3 Ventilation 

4.3.1 Air flow rate 

The house ventilates through natural ventilation (Berghi, 2014). Natural ventilation simply 

uses the naturally occurring pressure differential forces of air movement, wind and stack 

effect to carry fresh air from outside of building for ventilation and space cooling. There are 

two basic operational strategies for natural ventilation system, wind driven systems and 

stack effect system. The current system in the original house is wind driven system in which 

fresh air supply through opening doors and windows. However, the natural ventilation will in 

practise be very much influenced by the thermals (stack effect). The thermals and the 

resulting air leakage (natural ventilation) are very significant for a three-storied building 

when the temperature difference indoors-outdoors is significant. The air leakage caused by 

thermals is the highest when the outdoor temperature is the lowest, contributing to an 

increased demand for maximum (design) peak power for active heating. 

 

In this system wind can be used as the 

principal driving force. In wind systems 

the air on the wind ward side of the 

building creates a positive pressure with 

corresponding negative pressure 

produced on the leeward side. The factor 

like building design, orientation and 

location are important in wind driven 

system (see figure 19). 

The amount of air flow in this system is 

not certain and as discussed earlier in the 

rapport it depends on dimensions of the 

house, the type and location of the air 

leakage and the wind speed.  An outdoor air flow rate of 0.35 ACH is the minimum 

recommendation, a typical house has an outdoor air flow rate of 0.78 ACH and a leaky house 

has an outdoor air flow rate of 1.6 ACH (Gajda, 2001).   

4.4 Energy losses through the building envelope 

4.4.1 Heat transfer through the building Enclosure 

Energy transfer through envelope components depends on several factors. The direction and 

size of heat flow are affected by solar gains from the sun, outdoor temperature, indoor 

 

Figure19. The wind-induced pressure distribution is 
positive on the windward and negative on the roof and 
leeward side. (Backer, 2014) 
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temperature, and exposed surface area. There are three important characteristics to 

building envelope components that affect their thermal performance, their U-value, their 

thermal mass or ability to store heat, called as heat capacity and finally their  exterior 

surface condition/finish(for instance, how light or dark they are to reflect the sun or absorb 

solar heat?). The building heat loss coefficient (     ) is found by identifying every route of 

heat loss from a building and adding these together. The routes for heat transfer between 

the interior and exterior are through the building envelope, air exchange inside and outside 

(infiltration). Amount of heat produced by internal sources such as equipment, lights and 

occupants should also consider in calculation of energy consumption of the building. 

(Warfvinge & Dahlblom, 2010). The figure 20 illustrates energy balance of a building:  

 

 

Figure 20. Schematic energy balance of a building. Energy balance is when the heat(or rate of heat covering 
over unit time) enters across a control volume and is equal to the heat (or rate of heat over unit time) leaves 
across at the same control volume. Through a given volume energy enters( heat gain) and leaves (heat losses) 
in unit time. Gains and losses are equal. The heat storage capacity of the material should be considered also as 
passive heat. Energy storage in the walls, ceilings and floors of the buildings may be enhanced by encapsulating 
suitable phase change materials within these surfaces to capture solar energy directly and increase human 
comfort by decreasing the frequency of internal air temperature swings and maintaining the temperature 
closer to the desired temperature for a longer period of time. (Swedish Council for Building Research, 1983) 

4.4.2 Transmission losses 

Heat loss occurs from a building structure primarily due to conduction. Because heat moves 

in all directions, when calculating the heat loss of a building, all surfaces should be consider 

(external walls, roof, ceiling, floor, glass and exterior door) that divided the inside, heated 

space from the outside. It refers to that dividing line as the Building Envelope. The 

transmission loss is determined by following equation: 

                                                  Equation (4.1) 

Where: 

 =Total rate of transmission loss through walls, roof..Etc in (     ) 

   Overall heat-transfer coefficient of walls, roof, ceiling, floor, glass and door in(      ) 
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   Net area of walls, roof, ceiling, floor, glass and exterior door. (   ) 

Let’s examine each one of these terms, starting at the bottom with the area of components. 

The net area of each building section is determined from the drawings, in addition to the 

areas of the walls, floor and roof, the areas of windows and exterior door must also 

consider. Earlier in this rapport discussed about U-value, the letter U represents the overall 

coefficient of heat transfer. The U-value measures how well a building component, for 

instance, a wall or roof or a window, keeps heat inside a building. For those who living in a 

warm climate the U-value is also relevant as it is an indicator of how easy it is to keep the 

inside of the building cold. (Warfvinge & Dahlblom 2010) 

The following table shows transmission losses through each building component.  

Table 5. Transmission losses through the original building envelope. The proportion refers to the percentage of 
the total specific heat losses by transmission 967 W/⁰C (values not including ventilation losses) and as shown 
the roof component contributes in large amounts of the heat losses. The weighted average for the U-value for 

the whole building envelope is 1.71 
   . 

Part of the building U-value, 
W/m2 °C 

Area, m2 U.A, W/°C Proportion% 

External walls 1.84 180.8 332.7 34.5 

Window including casements 
and frames (south) 

3.33 21.5 71.6 7.4 

Window including casements 
and frames(north) 

3.33 23.5 78.2 8 

Roof 2.63 162.6 427.6 44 

Slab 0.24 162.6 39 4 

External doors 1.13 16 18.08 2.1 

Total 1.71 565.6 967 100 

4.4.3 Air flow rate and ventilation losses 

The second type of heat losses in buildings occurs due to infiltration/exfiltration. It is 

uncontrolled leakage of air, moisture and other substances, through cracks and gaps in the 

building envelope and pores of the building materials. To calculate this, the volume of the 

space needs and how much air typically leaks out, which is often stated as how many times 

per hour the entire air in the building space is lost to outside and referred to as air changes 

per hour or ACH. The more the windows on the external walls, the greater will be the 

infiltration. 

The ventilation losses are calculated by following equation: 

                                                                                                Equation (4.2) 

Where: 

      Specific heat loss by ventilation      
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  Mass flow (outdoor air),      

  = specific heat capacity for air, 1010         

As discussed already, the air leakage is an assumed and very uncertain value, in this study 

three different alternatives for the air leakage are assumed 0.35, 0.78 AND 1.6    .  Let see 

heat loss at infiltration rate of 0.35   : 10 

            

Total volume of the building is 1388    

                      

    

                 0.162 
  

 
 

(Translation from the volumetric flow rate in  
 

     to the mass flow rate in
     

  ) 

   

 
     

 

* 
     

   =
 

    
*
  

 
 

Where 1.2       is density of the air.  

                          

The table 6 shows total energy losses at different outdoor air flow rate: 

 

Table 6. Percentage of the total specific heat loss due to different outdoor air flow rate. Three different 
alternatives assumed for air flow rate are shown, because air flow rate is a very uncertain value, 0.35 ACH as 
the minimum value, 0.78 ACH for a typical house and 1.6 ACH for a leaky house. The proportion refers to the 
percentage of the total specific heat losses by infiltration and transmission at different air flow rate. (See figure 
21 for more details) 

Outdoor Air 
flow rate 

(   ) 

Specific heat loss 
by outdoor air flow 

rate       

Transmission 
losses       

Proportion( 
ventilation) 

Proportion(transmission) 

0.35 164 967 14% 86% 

0.78 364 967 27% 73% 

1.6 748 967 44% 56% 

 

                                                      

10
 . All information about heat losses and infiltration losses as well as all equations takes from Warfvinge  & 

Dahlblom, 2010. 
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The figure 21 shows more details about the percentage of the total heat loss due to different 

air flow rates: 

 

 

Figure 21. The proportion of the energy loss through each element of the building with different outdoor air 
flow rate. Since air flow rate is an uncertain value three different alternatives for air flow rate are assumed. The 
proportion refers to the percentage of the total specific energy loss, 1715, 1331and 1131  

    .  
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5 Energy calculation (Excel form) 

5.1  Building Enclosure Heat losses and heat gain 

Total heat transfer through the building envelope is the sum of the transmission losses 

(conduction) and ventilation losses that are determined from following equation:  

                    (                                                                                                     Equation (5.1) 

        ∑                                                                                                            Equation (5.2) 

In case the building has a mechanical supply and exhaust air with a heat exchanger instead 

of natural ventilation the following equation is applied: 

                                                                                                       Equation (5.3) 

Where: 

      Efficiency of heat exchanger 

In this case air leakage in addition to fan-driven ventilation must be considered. 

The determination of annual heat loss involves a total sum of the heat flows at various 

outdoor temperatures. For the calculation, the monthly mean values of the external 

temperature and solar radiation are applied, and the heat gain from lighting and appliances 

as well as the heat from occupancy are taken into consideration. Design indoor temperature 

mainly depends on the activity in the room, but it should be chosen to ensure satisfactory 

comfort conditions, the average design temperature for the case study is 21⁰C. The heating 

system turns on when the indoor temperature drops below 21⁰C and the cooling system 

works when the indoor temperature is above 25⁰C. The monthly average outdoor 

temperature is shown in Figure 2.   

After the determination of all parameters that are explained above, total heat load required 

by the building is calculated by the following equation: 

Monthly consumption: 

                                                                                                           Equation (5.4) 

Where: 

  Monthly energy consumption     

    Temperature difference, ⁰C 

And    Days of a specific month. 
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5.2 Heat gain 

5.2.1 People load 

Internal sources in the building cause heat gain that needs the energy for cooling, significant 

gain occurs from the transmission of energy through the building envelope and from internal 

building processes such as equipment, lighting and body heat loss, These gains, which may 

occur throughout the year, are discussed in the following sections. People give off energy to 

the building space in the form of dry heat (sensible) and moisture (latent heat). This energy 

release can either have a positive or negative effect on the energy usage of the building, 

During heating periods it will reduce the overall heating requirement for the building but 

when cooling is required, the energy released by people will place an additional load on the 

cooling system. 

The amount of energy that is released from people varies and it depends on body mass, level 

of activity and their cloths11  (Department of Energy, Mines and Resources, Canada, n.d). 

Following equation apply for calculation of energy released from people: 

      *  *                                                                                                             Equation (5.5) 

Where: 

 

   Heat gain from people ( ) 

   Number of people living in building 

  = Diversity factor or percentage of maximum design for each hour of the day. 0≤  ≤1 

   Heat gain per person for the degree or type of activity in the space. (Varkie, 2003) 

Energy released from humans are calculated from the assumption that a person generates 

65 W heat (according to the table for person who seated, very light work), and there are 4 

people who live in the building so: 

           260   

   
        

        
               

5.2.2 Household electricity load 

 Heat gain from household electricity is calculated based on the Boverket's 

recommendations (Boverket, 2007). It is only during the heating season as that passive heat 

from the household is credited. The proportion of household electricity that is converted to 

heat is 70% and heat gain is calculated as follows: 

                                                      

11
 . A table includes rates of heat gain from occupants of conditioned spaces available in appendix. 
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Total household consumption= 2500   +800    per person and household 

     
                 

   
                                                                                 Equation (5.6) 

Heat gain from hot water is estimated to 1       . (Boverket, 2007) 

 

5.2.3 Solar heat gain through windows 

Solar heat gain through windows can be calculated by multiplying the window’s shading 

coefficient (SHGC) by the solar heat gain factor (SHGF) and area of the windows. See the 

following equation: 

                           Equation (5.7) 

Where: 

     Solar heat gain through a window        

      Solar heat gain factor (    
   ) 

      Solar heat gain coefficient.  

Solar heat gain coefficient (SHGC) is the fraction of incident solar radiation admitted through 

a window by transmission and absorption and subsequently released inside. A simple way to 

clarify SHGC is in terms of ratio: the amount of SHGC is a number between 0 and 1, where 1 

is maximum and 0 is the minimum amount that can come through a window. For example, 

when SHGC of a window is 0.4 that means that only 40% of the available solar heat is coming 

through the window. The lower the SHGC, the lower unwanted heat gain is, which is 

important for a hot climate during cooling season12.  

 

 

 

                                                      

12
 . The solar irradiation values for different months and orientations are obtained and are available in appendix 

in the form of tables. 
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6 Conversion of the building to an energy efficient building 

6.1 Making the traditional building Energy Efficient 

The aim of this study is to improve and renovate the traditional building. In order to make 

the building energy efficient, many factors should be taken into account. In this section 

detail properties of different part of the renovated building will be discussed: 

6.2 Wall properties 

6.2.1 Wall insulation 

The thermal properties of external wall of the case study show that the wall has U-value of 

1.84      . To improve the external wall, reduced U-value is needed. U-value for the 

external wall should be less than 0.8        (Huang, J, 2007). In order to reduce U-value, 

thermal insulation must be used (Ahsan, 2009). The thickness of the thermal insulation material 

should be between 10-40 cm 13(Schuwer, Klostermann, Moore & Thomas, 2012). A recommended 

wall construction for hot climate from Lstiburek (2005) is presented in table 7 (from inside to 

outside): 

Table 7. Wall construction properties after conversion.  To improve the U-value of the external walls of the 
original building a layer of cavity insulation is applied (See section 3.3.1 for more details)  which contributes to 

87% of the thermal resistance of the whole component, As a result ,a U-value of 0.17       is achieved 

which is less than 0.8        the proposed  U-value for the external wall(See section 3.6). Before 

improvement a U-value of 1.84        was achieved.  (See figure 22 for more details) 

Material Thickness(  ) λ (      R(       U-value(       

      =0.13  

Latex paint 5 0.1914 0.026  

Gypsum board 20 0.3215 0.063  

Cellulous 200 0.0416 5  

Concrete block 190 1.3117 0.145  

Polyethylene film  1 0.3318 0.003  

Drained cavity 50 0.2519 0.2  

Brick 100 0.7720 0.13  

      =0.04  

Total 566  5.737 0.17 

                                                      

13
 . This value is valid for roof, external wall and slab.  

14
 . Source: ( Clifford , 2010) 

15
 . Source: Engineering TollBox, 2014 

16
 . Source: BRITA in PuBs, 2014  

17
 . Source: (Hanson, 2007) 

18
 . 1 mm layer of polyethylene film, used as impermeable to water vapor (Goodfellow, 2014) 

 
19

 . Source: IDA Indoor Climate and Energy, Version 4.6. 
20

 . Source: (Duverne & Baker, 2013) 
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‘ 

 

 

 

 

 

 

6.3 Roof properties 

6.3.1 Roof insulation 

According to Huang (2007) roof should have a U-value of about ≤0.4        and to achieve this 

requirement, insulation thickness between 20-40 cm is required (Schuwer,D, Klostermann,J, Moore,C 

& Thomas,S,2012).  To achieve this, a layer of foam glass insulation is provided over RC, An insulation 

layer over the RC does not allow the heat of the sun to reach the concrete slab and the inside of the 

house. Another advantage of using foam glass is that even if the waterproofing layer becomes 

damaged, moisture will not spread across the roof, the insulation provides added protection 

(Insulation systems for flat roof, 2010). A proper roof construction is presented in figure 6. In the 

following table materials are described and their thermal properties used in the roof construction 

(from the inside to the outside): 

Table 8. Roof construction properties after conversion. A layer of foam glass is applied to improve the U-value 

of the original building which was 2.63       (for more details about required roof component see section 

3.3.2). After improvement a U-value of 0.18        is achieved. Required U-value should not be greater than 

0.6        (See section 3.6). (See figure 23 for more details) 

Material Thickness(     λ(      R(       U-value(       

      =0.1  

gypsum 20 0.22 0.09  

R.Concrete 150 2.5 0.06  

Bituminous 5 0.17 0.29  

Foam glass 200 0.0421 5  

Bituminous 10 0.17 0.05  

Polyester  10 0.1722 0.05  

 Gravel 50 0.723 0.07  

      =0.04  

Total 445  5.75 0.18 

 

                                                      

21
 . Source: u-wert, 2014 

22
 . Source: New-learn, 2014 

23
 . Source: Engineering ToolBox, 2014 

 

Figure 22. Cross section of the conversed wall construction. The wall 
construction is improved by adding a layer of thermal insulation (cellulous) 
and a layer of polyethylene film as a vapor barrier. The U-value of the wall 

after conversion is 0.17        . (Lstiburek, 2005) 
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6.4 Slab properties 

6.4.1 Slab insulation 

The slab of the original building is made up by pure concrete, which has a high U-value of 

1.68     . This value should be reduced to less than 1.5       (Huang, 2007). As discussed 

in section 3.3.3, a layer of polystyrene should be used over the concrete slab due to its compressive 

strength, a layer of chemical sealer or semi-permeable coating should also be used between the 

concrete slab and polystyrene. This vapor construction allows moisture of the concrete slab to pass 

in a slow and controlled manner (See figure 10). To reduce air infiltration into the house, interfaces 

between the slab foundation and the exterior wall should be sealed (LSTIBUREK, 2004).  

In the following table material and their properties used for the slab is presented (from the 

inside to the outside): 

Table 9. Slab properties after renovation. The required U-value for slab should not exceed 1.5       

(see section 3.6). The slab of the original building has a U-value of 1.68       and for improving 
this value, a layer of extruded polystyrene is applied over concrete slab (For more details see section 

3.3.3), As a result, a U –value of 0.22        is achieved. (See figure 24 for more details) 

Material  Thickness(  ) λ(      R(       U-value(       
      =0.17  

Plywood 20 0.1224 0.167  

Extruded  polystyrene 2025 0.03626 0.556  

Bituminous27 10 0.1728 0.059  

Concrete slab 200 1.7 0.118  

      =0.04  

Total  250  1.11 0.9 

 

 

                                                      

24
 . Source: ENGINEERING, 2014 

25
 . For a very well insulated house (like a passive house) in Sweden the recommendation for floor insulation is 

around 300mm, but  in this work is attempted to follow the sources based on energy efficiency houses in hot and 

dry climates. 
26

 . IDA Indoor Climate and Energy, Version 4.6. 
27

 . According to Lstiburek (2004) bitumen classified as vapor semi-permeable. 
28

 . Source: Engineering TollBox, 2014 

 

Figure 23. Cross section of the conversed roof construction. The wall 
construction is improved first of all, by adding a layer of thermal insulation 
(foam glass) which contributes with 86% of the thermal resistance of the 
wall component. Two layers of the bituminous act as a vapor barrier, a 
bituminous layer over reinforced concrete slab protects the thermal 
insulation layer against moisture from concrete slab. The U-value of the wall 

after conversion is 0.18      .( Insulation system for flat roof, 2010) 
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6.5 Windows and exterior door 

Efficient windows with new glazing technologies can make a home more comfortable. In 

houses with high U-value windows, during the heating season, the outside temperature 

drives the interior glass surface temperatures down below the room air temperature and it 

causes discomfort due to radiant heat loss and drafts. Windows with Low U-value is a good 

solution for this problem, but what happens in the overheating period in a hot climate, 

during the summer, A strong direct sunlight can create overheating and discomfort as well.  

Residences in hot weather climates where homeowners want cool indoor temperatures 

should have windows with low solar heat gain coefficient values to effectively block heat 

from the sun from entering the home. Low- solar-gain low coatings can reduce solar heat 

gain while still providing comfort, daylight and views (U.S. Department energy, 1997). The 

new windows, to be installed according to the requirements as discussed in section 3.3.4, 

must have a U-value of up to 1.3  /    and a SHGC of 0.29 or less. To achieve this, double 

low-e-glazing windows must be used in the new house. Exterior doors to be installed, must 

have a U-value of 1.25  /   . Some recommended materials for exterior door are 

fiberglass doors, stave-core and steel doors. These materials provide a high performance in 

terms of thermal movement, moisture movement and chemical damages (Divsalar, 2011). 

6.6 Ventilation 

According to the Swedish National Board of Housing, Building and Planning (BBR), a typical 

outdoor air flow rate is about 0.5 ACH for passive houses (Janson, 2008). The American 

Society of Heating, Refrigerating and Air-Conditioning Engineers (ASHRAE) have a 

recommendation of a minimum outdoor air flow rate of 0.35 ACH. According to ASHRAE if a 

house is tight and has an outdoor air flow rate of less than 0.35 ACH, a mechanical supply 

and exhaust air system including heat exchanger with high temperature efficiency (Gajda, 

2001).  

6.7 Energy losses through the building envelope 

The thermal insulation is greatly improved compared to the original building and the amount 

of ventilation referred to 0.5 ACH as the designed outdoor air flow rate which is more than 

the minimum recommendation (See section 6.6). The following table shows specific 

transmission losses before and after the conversion of the original building to an energy 

efficient building:  

Table 10. Specific transmission losses before and after conversion to energy efficient building to different parts 
of the building. The proportion refers to the percentage of the total specific heat losses, which include 
transmission and ventilation. The proportion before conversion was calculated for three different alternatives 
of outdoor air flow rate, 1.6, 0.75 and 0.35 ACH.(See section 4.4.3) and the proportion after conversion is 
estimated for an outdoor air flow rate of 0.5 ACH which is more than a minimum proposed air flow rate(See 

 

Figure 24. Cross section of the conversed slab construction. A bituminous 
layer acts as a vapor barrier and allows the moisture to pass in a slow, 

controlled manner and extruded polystyrene use due to its compressive 
strength. (Listuberk, 2004) 
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section 6.6). The Total value refers to the entire building envelope, and the weighted average for the U-value 
for the whole building envelope is 1.71 W/⁰C before and 0.31 W/⁰C after conversion. 

Part of the building U-value(      ) Area    U.A (      ) Proportion% 

before After Before After Before After 

External walls 1.84 0.17 180.8 332.7 30.8 19-29 8 

Windows  including 
casements and 
frames(south) 

3.33 1.46 21.5 71.6 31.4 4-6 8 

Windows  including 
casements and 
frames (north) 

3.33 1.46 23.5 78.2 34.3 4-7 8 

Roof 2.63 0.18 162.6 427.6 29.3 24-38 7 

Slab 0.24 0.2229 162.6 39 35.8 2-4 9 

External doors 1.13 0.78 16 18 12.5 1-2 3 

Total 1.71 0.31 565.6 967 174 54-86 43 

 

The following table shows specific heat losses for the building after conversion broken down 

to transmission and ventilation.  

Table 11. Specific heat losses for the building after conversion. Regarding air flow rate, it is most uncertain 
factor. The only way to quantify the air flow rate is by tracer gas measurements. The recommended outdoor air 
flow rate for low energy building should not be less than 0.35 ACH (see section 6.6) 

Heat loss Specific heat loss W/⁰C Proportion % 

Transmission (see table 10) 174 43 

Outdoor airflow rate (according 
to the equation 4.2) 

234 57 

 

6.8 Energy demand for Hot water  

The energy necessary to heat water is determined by the following equation: 

E (J) =ρ*Cp*V*∆T=1000*4200* (V*∆T)                                                             Equation (6.1) 

Where 

ρ = Density of water,       

  = Specific heat capacity for water,        

    Water consumption per person per day,    

    Change in temperature (    -    ) 

                                                      

29
 . Note: This number is not correct. The correct number is 0.9      . It is worth noting that this oversight is 

not much impact on the final result. 
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Translation from the (J) in (     ): 

E (kWh) =
              

         
  

E (kWh) = 1.17*V (m³)*∆T (°C). (Warfvinge & Dahlblom, 2010) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

7 Result 

7.1 Energy calculation of case study 

7.1.1 Hand calculation 

The energy consumption of the original building is calculated for three different outdoor air 

flow rates in order to see how much energy the building uses at different values of outdoor 

air flow rates, because as discussed already, the outdoor air flow rate is a very uncertain 

value as natural ventilation is used. In calculations, the heating system turns on when the 

indoor temperature drops below 21⁰C and the cooling system works when the indoor 

temperature is above 25⁰C. However, it should be considered that in the hand calculation 

form, the calculations are based on a monthly average outdoor air temperature, which is a 

constant value, while in simulation with IDA ICE; the calculations are based on an hourly 

outdoor air temperature in which the outdoor temperature varies constantly. This variation 
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can lead to different values of energy consumption that is why in hand calculation forms, the 

calculations are made by different switch values (limited values for cooling and heating 

demand). In other worlds, when it comes to heating demands, calculations are made for a 

minimum an indoor air temperature between 19-21⁰C, It means that the heating system is 

turned on when the indoor temperature falls below 21, 20 and 19⁰C respectively And when 

we deal with cooling demand, calculations are made for a maximum indoor temperature of 

between 25-27⁰C, That means cooling system starts to work when the indoor temperature is 

above 25, 26 and 27⁰C respectively. 

 Below the energy demand of the original building for the whole year is described at 

different outdoor air flow rates: 

1) 0.35 ACH: This value is the minimum recommendation of the outdoor air flow rate 

(Gajda, 2001). We want to see how much energy for the heating and cooling load is 

used in the building if we have an outdoor air flow rate of 0.35 ACH. Calculations are 

made for other rates in order to see how much difference there is between energy 

demand at different outdoor air flow rates, Because, as we discussed already, When 

we have a natural ventilation, the outdoor air flow rate is an uncertain value and it 

depends on several factors. The energy demand is calculated for three different 

inside temperatures, The figure 25 shows the monthly energy demand for heating 

and cooling: 

 

 

 

 

Figure 25. The monthly energy demand for active heating and cooling of the original building at outdoor air 
flow rate of 0.35 ACH. Calculations are made for three different limits of the inside temperature, The total 
energy demand is 68000     when                      and 58000     when      

               and the total energy demand when                     is 50000      
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2) 0.78 ACH: This value is the outdoor air flow rate for a typical house(Gajda, 2001), the  

figure 26 illustrates the energy demand for the original building if the house has an 

outdoor air flow rate of 0.78 ACH, Calculations are made for three different limits of 

the inside temperature. 

 

Figure 26. The monthly energy demand for active heating and cooling of the original building at an outdoor air 
flow rate of 0.78 ACH. Typical house has an outdoor airflow rate of 0.78 ACH, The diagram illustrates the 
monthly energy demand for heating and cooling for three alternatives, The total energy demand is 80000     
when                      and 68000     when                     and the total energy 

demand when                     is 59000      

 

3) 1.6 ACH: According to Gajda (2001), a very leaky house has an outdoor air flow rate 

of 1.6 ACH, The figure 27 illustrates the monthly energy demand for the original 

building, As in the previous section, calculations are made for three different limits of 

the inside temperature, This is because the outdoor temperature varies constantly, 

But in hand calculation form, calculations are based on the monthly average outdoor 

temperature. In this way, we can have a better understanding of the energy 

consumption of the building in practice. At the same time, we want to compare the 

hand calculation results with result from the IDA program. In the IDA program 

calculations are based on the hourly outdoor temperature. 
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Figure 27. The monthly energy demand for active heating and cooling of the original building at an outdoor air 
flow rate of 1.6 ACH. A very leaky house has an outdoor air flow rate of 1.6 ACH. The diagram illustrates the 
monthly energy demand for three alternatives, the total energy demand is 102000     when      
                and 88000     when                     and the total energy demand when 

                    is 76000      

The energy demand for domestic hot water according to equation (6.1) is around 4212   . 

We assume that the family use around 200 liters hot water per day. The differences of 

temperature between inlet water and outlet water are assumed to be 50⁰C.  

7.1.2 IDA CALCULATION 

First of all the entire building was created in IDA using the floor plan as a basis. For each floor 

a zone was created so the model contains three zones (see following figures). After that the 

properties of the walls, windows, roof and slab from section 4 were defined using the 

chosen material.  The weather data is Erbil/Kurdistan 2014 and it is imported to the 

program, it is a difficult process and needs someone who is an expert within the IDA 

program to do that in the right way.  
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Figure 28. The plan of the first floor of the house. The right picture is the zone of the first floor of the house 

which is used in the IDA ICE program. The floor area of the zone is 163    and the zone volume is 385   . The 
light brown colors in the picture mean that the house has other adjacent buildings in the east and in the west.  
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Figure 29. The plan of the second floor of the house. The right picture is the zone of the second floor of the 

house which is used in IDA ICE program. The floor area of the zone is 163    and the zone volume is 500   . 
The light brown colors in the picture mean that the house has other adjacent buildings in the east and in the 
west.  

 

 

Figure 30. The plan of the third floor of the house. The zone which is created by IDA ICE is shown in the right 

picture. The floor area of the zone is 163    and the zone volume is 500  . 
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The results of the IDA calculation for the original building are put together in the following 

section, as the hand calculation form, simulations are made for three different outdoor air 

flow rates. However, simulations are made for only one value of a minimum and a maximum 

inside temperature of 21 and 25⁰C respectively. The figures 31, 32 and 33 shows the results 

of simulation at different outdoor air flow rates: 

1) 0.35  ACH  

 

Figure 31. The monthly energy demand for active heating and cooling of the original building by IDA at an 
outdoor airflow rate of 0.35 ACH. Total energy demand is 40000   . The cooling demand is around 18000 
    and the heating demand is around 22000   . The difference between the total energy demands 
estimated by the hand calculation and by the IDA calculation at an outdoor air flow rate of 0.35ACH is between 
20%-40%.  

2) 0.78 ACH 

 

Figure 32. Monthly energy demand for active heating and cooling of the original building by IDA at an outdoor 
air flow rate of 0.78 ACH. The total energy demand in this case is around 51000 kWh/year. The total cooling 
demand is 19000      and the total heating demand is 32000      The difference between the total annual 
energy demand estimated by the hand calculation and by the IDA calculation at an outdoor air flow rate of 0.78 
ACH is between 13%-36% when different input data are used. 
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1.6 ACH 

 

Figure 33. Monthly energy demand for active heating and cooling of the original building at an outdoor air flow 
rate of 1.6 ACH. The total energy demand in this case is about 73000      The total cooling demand is 23000 
     and the total heating demand is 50000      Differences between the total energy demand estimated 
by the hand calculation and by the IDA calculation is between 5%-29% when different input  data are used. 

In the table 12 the annual energy demand for heating and cooling is summarized which is 

calculated by hand and with the IDA ICE. 

Table 12. The annual energy demand for the active heating and cooling of the building at different air flow 
rates, calculated by hand and IDA.  The recommendation of energy consumption for heating, cooling and hot 

water for an energy efficient building in a hot and arid climate is between 25-50        (Schuwer, 
Klostermann, Moore & Thomas,  2012). As shown in the table, the energy demand of the building is much more 
than the recommendation value in all cases despite the fact that domestic hot water is not included.   

 
Outdoor air flow rate 

Energy demand 
calculated by hand 

Energy demand 
calculated by IDA  

 
Difference between 
hand calculation and 
IDA % 

                       

 
 
0.35ACH 

                   68000 139  
 
40000 

 
 
82 

41 

                  58000 120 32 

                   50000 102 20 

 
 
0.78ACH 

                   80000 164  
 
51000 

 
 
105 

36 

                  68000 140 25 

                   59000 120 13 

 
 
1.6ACH 

                   102000 209  
 
73000 

 
 
149 

29 

                  88000 181 18 

                   76000 156 5 
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7.2 Energy calculation of the case study after conversion 

7.2.1 Hand calculation 

As in the previous section, three different alternatives of inside temperature are used for 

calculation of the energy demand of the building. Calculations are made when the following 

limits are used for the active heating and cooling: 

1)                   

2)                   

3)                   

The target for the energy demand including active heating and cooling as well as domestic 

hot water is in our case between25-50       , this value is a recommendation to achieve an 

energy efficient building in hot and arid climate. The figure 34 illustrates the results of the 

calculation at an outdoor air flow rate of 0.5 ACH: 

    

 

Figure 34. The monthly Energy demand for active heating and cooling of the building after conversion. After 
conversion of the building, the energy demand is dramatically decreased. The total energy demand is 24000 
    when                      and 21000     when                     and the total 

energy demand when                     is 18000       
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7.2.2 IDA calculation 

The result of the IDA calculation shows a total energy demand for active heating and cooling 

of 14000   . Energy load for heating demand is 7000     and energy required for the 

cooling load is 7000   . The minimum and maximum inside temperature in IDA calculation 

is 21 and 25⁰C respectively. The figure 35 shows the monthly energy demand of the building 

at outdoor air flow rate of 0.5 ACH: 

 

 

Figure 35. The monthly energy demand for active heating and cooling of the building simulated by IDA. In every 
month there is cooling required theoretically but especially from November to April the monthly cooling 
demand is between 80 to 150     which are very little. The highest cooling load is in July with about 
1576   . When it comes to heating demand, the heating load is required from November to April. However 
in April and November, the heating load is 2 and 143     respectively. The highest heating load is in 
December with about 2456      

The table 13 shows the comparison of the energy demand of the building after conversion 

between the hand calculation and IDA: 

Table 13. Comparison of the energy demand for active heating and cooling of the building after conversion 
between hand calculation and IDA. The table presents the total energy demand for active heating and cooling 
of the building after conversion. When it comes to hand calculation different scenarios of the inside 
temperatures have been done (For more details see section 7.1.1). As mentioned previously, the 
recommendation for energy consumption for heating, cooling and hot water for energy efficient building in a 

hot and arid climate is between 25-50       . As shown in this table, the total energy demand for heating, 
cooling and hot water is near the recommendation. 

Outdoor air flow rate Energy demand 
calculated by 
hand 

Energy demand 
calculated by 
IDA 

Difference 
between 
hand 
calculation 
and IDA % 

Energy 
demand for 
hot water  

       
    

       
    

       
    

 
0.5AC 

                   18000 37  
14000 

 
    28 

24 4212 8 

                  21000 43 35 4212 8 

                   24000 49 44 4212 8 
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8 Discussion 
As shown in the results, the energy demand for active heating and cooling of the building 

after conversion is dramatically decreased. However, as discussed in section 6.7 the biggest 

energy losses of the building is due to the outdoor air flow rate. There are two different 

options for energy improvements regarding ventilation. The most simple is to maintain the 

natural ventilation but to improve the air tightness of the building, thus reducing the 

outdoor air flow rate. However, this is only recommended if the present outdoor airflow rate 

is too high (if the building is over-ventilated.) The other option is much more complicated as 

it includes mechanical supply and an exhaust air system including heat exchanger with high 

temperature efficiency. 

According to the calculation by IDA, in the heating season, there is still some demand for 

cooling.  The reason for this is that the solar radiation heats up the building during parts of 

the day. This situation may lead to a cooling demand at this spot as well. IDA uses local 

heating units, which are powered by electricity to compensate, but normally one could just 

open a window and let cool air inside the building. This way energy could be saved. It is 

nearly the same thing in the summer when there is a surplus heat in the building, especially 

in the evening. If the outside air temperature is lower than the indoor temperature, a 

window should be opened to let in cool air from the outside. However, in the IDA simulation 

an air condition system is utilized to cool the indoor temperature below 25 °C. Maybe it is 

possible to create a dynamic schedule for the window openings which is related to the 

indoor and outdoor temperature. As an example the windows should be opened if the 

indoor temperature is >25°C and the outdoor temperature is <25°C. If the outdoor 

temperature is >25°C the windows should be kept close.  

 Another solution for reducing the cooling load especially in summer is solar shading.  The 

most effective solar shading devices are exterior to the building envelope. Shades and blinds 

located inside the building may be effective at controlling glare, but are not effective in 

reducing the solar gain entering the space. Light-colored surfaces on shading devices such as 

overhangs, louvers, or light shelves should be considered. These light surfaces can help 

bounce diffuse sunlight into the building. Diffuse daylight is ideal for providing lighting 

without glare. Solar shading device should be installed somehow to prevent solar gain in the 

summer, while allowing it in the winter is advisable. 

Another point that should be discussed is the differences between hand calculation and IDA. 

There are differences in both calculations before and after conversion; in the hand form, 

calculation has been carried out using the mean monthly values of the solar radiation and 

outdoor temperature, while IDA usually requires hourly values of direct and diffuse radiation 

as well as hourly outdoor temperatures for the calculation. The hand calculations include 

important simplifications as all calculations refer to a steady state heat balance month by 

month. This simplification is more important the poorer the building is regarding thermal 

inertia (time constant) the more the outdoor climate varies regarding outdoor air 



 
 

45 
 

temperature and solar radiation. The IDA calculations include many data which cannot be 

seen and controlled, only the final results. Many variables are involved in the IDA calculation 

which can affect the results such as the hourly solar radiation and the outdoor temperature. 

The problem with IDA calculations is that the process is not as transparent as those of the 

hand calculations. 

Living habits and user satisfaction in general are important factors which can affect the 

energy consumption of the building. It is a fact that the conversed (imagined) building has 

not the performance promised by this study. It is uncertain how much hot water the 

residents use. Furthermore, there is no knowledge on the satisfaction of the user regarding 

the living comfort, especially regarding the satisfaction with the ventilation system. On the 

other hand there is no information concerning the frequency and duration of window 

opening. Information about occupancy times and set-point temperatures of the heating and 

cooling system is also uncertain. All these factors can affect the energy consumption of the 

building regarding heating and cooling demand and hot water usage. 
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9 Conclusion  
This study has identified the following energy efficient building features for an outdoor 

climate like in Erbil, including a hot summer and a cold winter and very significant 

differences between day and night: 

 Doubling the thickness of the external walls with 200 mm insulation including air 

cavity and vapor barrier. 

 Improving the roof construction by increasing the thickness from 180 mm to 445 mm 

including insulation and water proofing material. 

 Installing the windows with lower U-value and lower solar shading coefficient factor. 

Once the design features are identified and energy savings are demonstrated, the next 

emerging questions are: what are the main barriers and challenges in design of energy 

efficient buildings in the region? Who is going to bring a change in the design practice? Who 

is responsible for the design of energy efficient residential buildings? 

As evident from the section on barriers in adopting energy efficiency in residential buildings, 

the process of designing and the implementation of energy efficient residential buildings 

face the following challenges: 

 Availability of components 

 Quality assurance 

 The most important challenge is the acceptance, understanding and motivation of 

people.  

 Energy prices are important for motivation of people. 

The process of designing energy efficient residential buildings is not a ‘one-man show’. It is 

not an architect who is responsible alone for the designing process. Developers and clients 

also play a major part in this process. All the actors are involved. The architects with 

awareness can be the initiator of designing energy efficient buildings. They should influence 

the developers and the clients. The clients should be informed about how much energy and 

costs they can save through an energy efficient building.  
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10 Future research 
This work proposes some important recommendations in order to improve the traditional 

buildings in the Kurdistan region and make them energy efficient. More attention has been 

paid to insulate the different part of the building in order to reduce energy demand for 

heating and cooling. It would be interesting to continue this work by: 

 Further research regarding natural ventilation system. This work has focused only to 

improve the natural ventilation system of the building. In other words, there are 

some recommendations with regard to control the air flow rate. It would be great if 

more studies be done in order to find alternatives for natural ventilation system.  

 Further studies concerning the risk of moisture damage in different parts of the 

building, and then how to prevent it. Because when it comes to the risk of 

condensation in the different parts of the building, this work is limited to mention a 

few recommendations to solve this problem. It would be better also to do more 

researches in this area. 
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  Appendix A: Rates of heat gain from occupants of conditioned spaces 

Table 14. Rates of heat gain from occupants of conditioned spaces.  Sensible heat is the heat which a object 
absorbs, and while its temperature goes up, the object does not change state. Sensible heat is directly added to 
the space by radiation, convection or conduction. Latent heat is the energy absorbed by or released from an 
object during a phase change from gas to a liquid or a solid. Latent heat gain occurs when moisture is added to 
the space either from internal sources (e.g. vapor emitted by occupants) or from outdoor air flow rate to 
reaches good indoor air quality. ( Varkie , 2003). 

Degree of activity Typical application Sensible heat ( ) Latent heat ( ) 

Seated at rest Theater, movie 60 40 

Seated, very light work, 
writing 

Offices, hotels, apts. 65 55 

Seated, eating restaurant 75 95 

Seated, light work, typing Offices, hotels, apts. 75 75 

Standing, light work or 
walking slowly 

Retail store, bank 90 95 

Light bench work Factory  100 130 

Moderate dancing Dance hall 120 255 

Heavy work, machine work Factory  170 300 

Heavy work, athletics Gymnasium  185 340 
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Appendix B: Solar irradiation through windows for different orientation  

Table 15. Solar irradiation through windows of buildings in Erbil for different orientations.  The table shows that 
the long facades of the building oriented towards North –South are preferred. East and West receive maximum 
solar radiation during summer, as South orientation receives maximum intensity of solar radiation in the winter 
months. (Meteonorm, Version 7. Global Meteorogical Database, Swiss Federal Office of Energy, 2013) 

Month Orientation of the surface(       ) 

Month South North East west 

January 96 23 41 47 

February 95 27 52 54 

March 110 37 76 88 

April 90 42 92 91 

May 80 55 115 111 

June 67 63 123 120 

July 74 59 119 121 

August 97 44 115 115 

September 118 32 97 97 

October 135 30 74 77 

November 135 21 60 55 

December 108 20 43 42 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

2 
 

Appendix C 

Appendix C.1 Simulation results of the case study at different outdoor air flow rates 

  (0.35 ACH) 

Total heating and cooling 

 

Delivered Energy Overview 

 

Delivered energy  Demand  

kWh  kWh/m2  kW  

 

Lighting, facility  8409  17.3  0.96  

 

Electric cooling  17594  36.1  8.51  

 

HVAC aux  846  1.7  0.1  

   Total, Facility electric  26849  55.1     

    
  

   

 

Fuel heating  22148  45.5  24.76  

 

Domestic hot water  6145  12.6  0.7  

   Total, Facility fuel*  28293  58.1     

   Total  55142  113.2     

    
 

Equipment, tenant  12613  25.9  1.44  

   Total, Tenant electric  12613  25.9     

   Grand total  67755  139.1     

 

AHU cooling coil power, W

Water based cooling power to zones, W

AHU heating coil power, W

Water based heating power to zones, W

Ideal coolers and other local units, W

Ideal heaters and other local units, W

Domestic hot water use, W
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Monthly Delivered Energy 

 

Month  

Facility electric  Facility fuel (heating value)  Tenant electric  

Lighting, facility  Electric cooling  HVAC aux  Fuel heating  Domestic hot water  Equipment, tenant  

(kWh)  (kWh)  (kWh)  (kWh)  (kWh)  (kWh)  

1  714.2  62.8  71.9  7868.0  521.9  1071.0  

2  645.1  56.7  64.9  5155.0  471.4  967.7  

3  714.2  111.7  71.9  1882.0  521.9  1071.0  

4  691.2  365.7  69.6  161.1  505.1  1037.0  

5  714.2  1592.0  71.9  6.9  521.9  1071.0  

6  691.2  3193.0  69.6  0.0  505.1  1037.0  

7  714.2  4183.0  71.9  0.0  521.9  1071.0  

8  714.2  3954.0  71.9  0.0  521.9  1071.0  

9  691.2  2604.0  69.6  0.0  505.1  1037.0  

10  714.2  1306.0  71.9  0.0  521.9  1071.0  

11  691.2  102.5  69.6  1169.0  505.1  1037.0  

12  714.2  62.8  71.9  5906.0  521.9  1071.0  

Total  8409.3  17594.3  846.3  22148.0  6145.1  12612.7  

 

Input data Report 

Wind driven infiltration airflow rate  1239.483 l/s at 50.000 Pa  

Building envelope  Area [m2]  U [W/(K m2)]  U*A [W/K]  % of total  

Walls above ground  180.79  1.84  332.66  37.63  

Walls below ground  0.00  0.00  0.00  0.00  

Roof  162.08  2.63  426.75  41.99  

Floor towards ground  162.56  0.24  39.33  3.87  

Floor towards amb. air  0.00  0.00  0.00  0.00  

Windows  45.02  3.33  149.79  14.74  

Doors  16.00  1.13  18.10  1.78  

Thermal bridges  
    

Total  566.45  1.79  1016.41  100.00  
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U Frame [W/(K 
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U Total [W/(K 
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[W/K]  

Shading factor 

g  
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N  23.52  3.50  2.00  3.35  78.79  0.76  

S  21.50  3.45  2.00  3.30  71.00  0.76  

Total  45.02  3.48  2.00  3.33  149.79  0.76  

 

 (0.78 ACH) 

Total heating and cooling 

 

Delivered Energy Overview 

 

Delivered energy  Demand  

kWh  kWh/m2  kW  

 

Lighting, facility  8409  17.3  0.96  

 

Electric cooling  19362  39.8  10.2  

 

HVAC aux  1814  3.7  0.21  

   Total, Facility electric  29585  60.7     

    
  

   

 

Fuel heating  31544  64.8  30.27  

 

Domestic hot water  6145  12.6  0.7  

   Total, Facility fuel*  37689  77.4     

   Total  67274  138.1     

    
 

Equipment, tenant  12613  25.9  1.44  

   Total, Tenant electric  12613  25.9     

   Grand total  79887  164.0     

AHU cooling coil power, W

Water based cooling power to zones, W

AHU heating coil power, W

Water based heating power to zones, W

Ideal coolers and other local units, W

Ideal heaters and other local units, W

Domestic hot water use, W
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Monthly Delivered Energy 

 

Month  

Facility electric  Facility fuel (heating value)  Tenant electric  

Lighting, facility  Electric cooling  HVAC aux  Fuel heating  Domestic hot water  Equipment, tenant  

(kWh)  (kWh)  (kWh)  (kWh)  (kWh)  (kWh)  

1  714.2  62.8  154.1  10436.0  521.9  1071.0  

2  645.1  56.7  139.2  7163.0  471.4  967.7  

3  714.2  98.3  154.1  3122.0  521.9  1071.0  

4  691.2  317.6  149.1  465.7  505.1  1037.0  

5  714.2  1657.0  154.1  26.0  521.9  1071.0  

6  691.2  3585.0  149.1  0.0  505.1  1037.0  

7  714.2  4804.0  154.1  0.0  521.9  1071.0  

8  714.2  4505.0  154.1  0.0  521.9  1071.0  

9  691.2  2842.0  149.1  0.0  505.1  1037.0  

10  714.2  1289.0  154.1  1.8  521.9  1071.0  

11  691.2  81.8  149.1  2201.0  505.1  1037.0  

12  714.2  62.8  154.1  8128.0  521.9  1071.0  

Total  8409.3  19362.1  1814.3  31543.5  6145.1  12612.7  

 

Input data Report 

 

Wind driven infiltration airflow rate  1405.182 l/s at 50.000 Pa  

Building envelope  Area [m2]  U [W/(K m2)]  U*A [W/K]  % of total  

Walls above ground  180.79  1.84  332.66  37.63  

Walls below ground  0.00  0.00  0.00  0.00  

Roof  162.08  2.63  426.75  41.99  

Floor towards ground  162.56  0.24  39.33  3.87  

Floor towards amb. air  0.00  0.00  0.00  0.00  

Windows  45.02  3.33  149.79  14.74  

Doors  16.00  1.13  18.10  1.78  

Thermal bridges  
    

Total  566.45  1.79  1016.41  100.00  
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Windows  
Area 

[m2]  

U Glass [W/(K 

m2)]  

U Frame [W/(K 

m2)]  

U Total [W/(K 

m2)]  

U*A 

[W/K]  

Shading factor 

g  

N  23.52  3.50  2.00  3.35  78.79  0.76  

S  21.50  3.45  2.00  3.30  71.00  0.76  

Total  45.02  3.48  2.00  3.33  149.79  0.76  

 

 (1.6 ACH) 

Total heating and cooling 

 

Delivered Energy Overview 

 

Delivered energy  Demand  

kWh  kWh/m2  kW  

 

Lighting, facility  8409  17.3  0.96  

 

Electric cooling  22216  45.6  13.08  

 

HVAC aux  3661  7.5  0.42  

   Total, Facility electric  34286  70.4     

    
  

   

 

Fuel heating  50399  103.5  38.99  

 

Domestic hot water  6145  12.6  0.7  

   Total, Facility fuel*  56544  116.1     

   Total  90830  186.5     

    
 

Equipment, tenant  12613  25.9  1.44  

AHU cooling coil power, W

Water based cooling power to zones, W

AHU heating coil power, W

Water based heating power to zones, W

Ideal coolers and other local units, W

Ideal heaters and other local units, W

Domestic hot water use, W
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   Total, Tenant electric  12613  25.9     

   Grand total  103443  212.4     

 

Monthly Delivered Energy 

 

Month  

Facility electric  Facility fuel (heating value)  Tenant electric  

Lighting, facility  Electric cooling  HVAC aux  Fuel heating  Domestic hot water  Equipment, tenant  

(kWh)  (kWh)  (kWh)  (kWh)  (kWh)  (kWh)  

1  714.2  62.8  310.9  15381.0  521.9  1071.0  

2  645.1  56.7  280.8  10987.0  471.4  967.7  

3  714.2  89.4  310.9  5668.0  521.9  1071.0  

4  691.2  273.2  300.9  1447.0  505.1  1037.0  

5  714.2  1730.0  310.9  61.8  521.9  1071.0  

6  691.2  4203.0  300.9  0.0  505.1  1037.0  

7  714.2  5812.0  310.9  0.0  521.9  1071.0  

8  714.2  5389.0  310.9  0.0  521.9  1071.0  

9  691.2  3208.0  300.9  0.0  505.1  1037.0  

10  714.2  1259.0  310.9  45.4  521.9  1071.0  

11  691.2  70.3  300.9  4456.0  505.1  1037.0  

12  714.2  62.8  310.9  12353.0  521.9  1071.0  

Total  8409.3  22216.2  3660.7  50399.2  6145.1  12612.7  

 

Input data Report 

Wind driven infiltration airflow rate  1721.538 l/s at 50.000 Pa  

Building envelope  Area [m2]  U [W/(K m2)]  U*A [W/K]  % of total  

Walls above ground  180.79  1.84  332.66  37.63  

Walls below ground  0.00  0.00  0.00  0.00  

Roof  162.08  2.63  426.75  41.99  

Floor towards ground  162.56  0.24  39.33  3.87  

Floor towards amb. air  0.00  0.00  0.00  0.00  

Windows  45.02  3.33  149.79  14.74  

Doors  16.00  1.13  18.10  1.78  

Thermal bridges  
    

Total  566.45  1.71  1010.1  100.00  
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Windows  
Area 

[m2]  

U Glass [W/(K 

m2)]  

U Frame [W/(K 

m2)]  

U Total [W/(K 

m2)]  

U*A 

[W/K]  

Shading factor 

g  

N  23.52  3.50  2.00  3.35  78.79  0.76  

S  21.50  3.45  2.00  3.30  71.00  0.76  

Total  45.02  3.48  2.00  3.33  149.79  0.76  

 

 

 

 

Appendix C.2: Simulation results of the conversed (imagined) building at an outdoor air 

flow rate of 0.5 ACH 

Total heating and cooling 

 

Delivered Energy Overview 

 

Delivered energy  Demand  

kWh  kWh/m2  kW  

 

Lighting, facility  4300  8.8  0.96  

 

Electric cooling  6957  14.3  3.5  

 

HVAC aux  1184  2.4  0.14  

AHU cooling coil power, W
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AHU heating coil power, W
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Domestic hot water use, W
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   Total, Facility electric  12441  25.5     

    
  

   

 

Fuel heating  6921  14.2  9.77  

 

Domestic hot water  6145  12.6  0.7  

   Total, Facility fuel*  13066  26.8     

   Total  25507  52.4     

    
 

Equipment, tenant  6845  14.1  1.44  

   Total, Tenant electric  6845  14.1     

   Grand total  32352  66.4     

 

Monthly Delivered Energy 

 

Month  

Facility electric  Facility fuel (heating value)  Tenant electric  

Lighting, facility  Electric cooling  HVAC aux  Fuel heating  Domestic hot water  Equipment, tenant  

(kWh)  (kWh)  (kWh)  (kWh)  (kWh)  (kWh)  

1  365.2  62.8  100.6  2546.0  521.9  581.9  

2  329.8  56.7  90.8  1757.0  471.4  525.6  

3  365.0  69.1  100.6  652.1  521.9  581.3  

4  353.7  153.9  97.3  1.6  505.1  562.8  

5  365.0  564.1  100.6  0.0  521.9  580.7  

6  353.2  1178.0  97.3  0.0  505.1  561.8  

7  365.1  1576.0  100.6  0.0  521.9  580.8  

8  365.3  1510.0  100.6  0.0  521.9  581.0  

9  353.6  1042.0  97.3  0.0  505.1  562.2  

10  365.5  599.6  100.6  0.0  521.9  581.8  

11  353.4  82.2  97.3  142.5  505.1  563.1  

12  365.2  62.8  100.6  1822.0  521.9  582.1  

Total  4300.0  6957.3  1184.3  6921.2  6145.1  6845.1  
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Input data Report 

Wind driven infiltration airflow rate  1297.302 l/s at 50.000 Pa  

Building envelope  Area [m2]  U [W/(K m2)]  U*A [W/K]  % of total  

Walls above ground  180.79  0.17  31.10  17.59  

Walls below ground  0.00  0.00  0.00  0.00  

Roof  162.08  0.18  29.26  16.55  

Floor towards ground  162.56  0.22  35.30  19.97  

Floor towards amb. air  0.00  0.00  0.00  0.00  

Windows  45.02  1.46  65.60  37.11  

Doors  16.00  0.78  12.49  7.07  

Thermal bridges  
  

3.03  1.71  

Total  566.45  0.31  176.77  100.00  

 

Thermal bridges  Area or Length  Avg. Heat conductivity  Total [W/K]  

External wall - Internal slab  112.97 m  0.005 W/(K m)  0.565  

External wall - Internal wall  34.20 m  0.005 W/(K m)  0.171  

External wall - External wall  17.10 m  0.010 W/(K m)  0.171  

Window perimeter  87.00 m  0.010 W/(K m)  0.870  

External door perimeter  40.00 m  0.010 W/(K m)  0.400  

Roof - External wall  28.21 m  0.010 W/(K m)  0.282  

External slab - External wall  28.26 m  0.010 W/(K m)  0.283  

Balcony floor-External wall  0.00 m  0.000 W/(K m)  0.000  

External slab - Internal wall  28.55 m  0.005 W/(K m)  0.143  

Roof - Internal wall  28.57 m  0.005 W/(K m)  0.143  

External wall - Inner corner  17.10 m  0.000 W/(K m)  0.000  

Total envelope  566.02 m2  0.000 W/(K m2)  0.000  

Extra losses  -  -  -0.000  

Sum  -  -  3.027  

 

Windows  
Area 
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U Glass [W/(K 

m2)]  

U Frame [W/(K 

m2)]  

U Total [W/(K 

m2)]  

U*A 

[W/K]  

Shading factor 

g  

N  23.52  1.30  2.00  1.37  32.22  0.29  

S  21.50  1.50  2.00  1.55  33.38  0.35  

Total  45.02  1.40  2.00  1.46  65.60  0.32  
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