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OBJECTIVES of DIYARBAKIR SOLAR HOUSE and RESULTS
28 September 2008
“Diyarbakır Solar House”, which is an EU project, started within the “Diyarbakır Solar House Education and Implementation Park” project on 01.12.2006. It has been developed, accomplished and opened to public by Diyarbakır Municipality and with the partnership of Dicle University and Güneydoğu Industrial and Business Association (GÜNSİAD) on 21st of June 2008.
‘Project training and awareness studies’ have been funded by European Commission (EC) and supported by United Nations Development Program (UNDP). European Union; apart from its educational support, it gives support to construction works as well. The project has been accomplished by the help of these supports and within the facilities of our country. Diyarbakır Solar House can be considered as a collective work at the end.
80.000 euro has been funded for training studies by EC. With this fund, a booklet and a training movie abut energy have been prepared to be copied 10.000 items for each. 

A symposium has been organized where the people had the opportunity of being informed by seven specialists. With the help of architects and mechanical engineers from different universities, 20 people have been trained and certificated as educational volunteers. In addition, all the transportation costs, the fees of technical staff and technical equipment expenses have been paid by this fund. 

This means, the fund hasn’t been used in any constructional work. The house has been built within the facilities of Diyarbakır Municipality and the supports of 74 sponsors. None of the supporters wanted to come into prominence. They all have shared the feeling of “being here”.  We want to thank them for their full support. We would like to say that they are in our honor list and we wish to see their future contributions in similar projects.
COST
Without sponsors, for a house of 120m2 with zero energy aims, we should have paid a worth of not exceeding 170.000YTL. This price includes all PV panels, accumulators, solar collectors, fireplace, underground piping systems, trombe walls and greenhouse which are the items that do not exist in a normal house. A solar house like this does not require a lot of money as it is supposed. By the energy savings of the house, the extra expenses for a zero energy house can be amortized in a 5-10 years period.

Excluding the systems mentioned above and designing your house within the principles of “energy architecture”, you will have a modernly designed wooden house with %50 energy saving, costing 1000YTL per m2. This means, spending almost the same costs with a normal house; a house with %50 energy saving can be designed. This analysis has been done for vernacular houses. In collective housing, by constructional facilities and corporate purchase; the cost is expected to be %25 less. 
To summarize; by accurate planning and appropriate material choice, the life of the structure starts with %50 energy saving while the money spent is almost the same with a classical construction. To obtain a %100 energy saving, mechanical and electrical equipment is required which adds a %20-25 construction cost. This is what happens in developed countries to achieve ‘‘plus energy’’ buildings.
Moreover, the distance to the network after 2km gives the house the opportunity of being a clever design on its own. It is almost possible to produce your own electricity by paying the worth of pillars, transfer cables, transformer and other equipments that are needed.  
ATTENTION of THE PUBLIC 
and THE MEDIA
This is a pioneer project in our country. It is the first ‘‘Environmentally Friendly Solar House’’ which has been designed to be able to produce all the energy it needs. Diyarbakır Solar House has been constructed according to “Energy Architecture” principals.
In the final stages of the construction and after the opening of the house; televisions, radio and press supported our Solar House with detailed news. Mostly TRT, but all the TVs, radio stations and many prestigious newspapers have made news about Diyarbakır Solar House many times. Since the opening, 5.000 people have visited the house and 10.000 people have been informed about the house by internet. 
It will be the first in the world as well because the technical values will be published on its website 7/24 hour online. ‘‘Being the first’’, we are ready to share our experiences with other future attempts.
RATIOS and SOURCES

Have you ever heard that a house in Ankara spends ‘‘four and half times more’’ energy than a similar house in Berlin? Have you noticed that an industrial product needs ‘’four times’’ more energy to be manufactured in our country than in developed countries? As our Minister of Energy declared, EU countries have an annual average of %1.5 increase in energy demand whereas Turkey has an average of %8.5. To meet this demand, with the raising oil prices, do you know that the money spent for energy is 52 billion US dollars, as our Minister of Finance stated? If we suppose our extra expenses as it is ‘’four times’’ more, dividing by four and multiplying by 3, we can see that we have a useless expense of 39 billion US dollars.
Contrary to what is supposed, Turkey is a rich country in terms of “sources”.  This territory shelters one of the luckiest and the richest countries in terms of both materialist, immaterialist values and human sources. However, as it is seen from the calculations; we should review our living and manufacturing standards. We will be able to see what we can achieve by rethinking our manners. Diyarbakır Solar House, with its simple and clear fiction, it will be an inspiring example as it shows people other possibilities of different ways of living. 
Diyarbakır Solar House is the first example as it can manage its heating, cooling, lighting and waste with its own facilities. Although the energy demand is four times more than the demand in developed countries, this house has used even a quarter of this amount as it has been constructed with the principals of ‘‘energy architecture’’. 
LIVING and WORTH
For all beings ‘’living’’ is a prior right. In the natural loop, ‘’living’’ means ‘’cosmic liveliness’’ which is living together and sustaining the balance. Thus; when any political and commercial preference in individual or institutional level damages the balance of the whole, the life of the individual also goes into danger. 
In physical, chemical and biological scale; instability occurs. From health problems to global warming or from unusual climatic facts to ice age, the world faces a risky situation. 

Unsustainable manufacturing manners consume sources as they are infinite. The precautions that should be taken before everything finishes and the rules of sustainable living should have the priority in education. Instead of using fossil fuel, people should consider the global benefits of local solutions and the precautions should be taken while still using current energy sources.
ENERGY and ECOLOGY
“Energy architecture” stipulates that the buildings should use energy to breath naturally. Diyarbakır Solar House, is an example of this principal. If we don’t want to be afraid of future, we shouldn’t resist to natural loop, instead, we should learn to live in harmony. The only power that can stop this fast movement to Ice Age or the power that can even convert it back is ‘’Social Consciousness’’…which is  ‘’harmony in cosmic loop’’. 
Ecology is; sharing. Ecology is; preferring using energy only for necessity. Ecological behaviour is; sharing the natural sources and facilities in a fair manner, without thinking the profitable part. Ecological balance is; the cycle of mental energy with transformations to chemical and physical energy in nature. It is the exploration of energy types which do not harm nature and our health while being consumed. 
Ecology means freedom in a way. There is no monarch in forest. The trees do not bloom with rules. They don’t pay any price for the food they produce or for the solar energy that they use. All the organisms that are fed by sun are respectful to each other. None of them step on the other one and wants more privilege.
To understand if a building is ‘’ecological’’ or not, we should see if it can pass the energy test. Can it produce its own energy? Can it use its energy in a natural way? Can it manage the waste of this usage?

What we mean by ‘’Energy Architecture’’ is being able to fulfill this test of three questions.

The nucleus of life and the product of it 

-ecology- are the most privileged issues in our era. Human being will be able to solve the energy problem if only he can learn how to redound the living and production standards by using renewable energy sources.  

Contrary to what is supposed; solar energy is not expensive, it is almost free. Of course by appropriate planning, design, correct detailing and material choice...The health problems that occurred owing to fossil fuel feed the medicine sector. If a small amount of this international source can be devoted to research studies for clean energy, our world will have saved its future. 
Villages will find long term loans and will be able to solve its electric problem by using its sun and wind potential in an intelligent way. After an amortization period, there will be no need to pay for energy anymore. The water pumped by a motor which takes its energy from the sun is free...We can abandon the power plants that we think of building in future and avoid the electric loss.
The problems between the government and the citizen are at the point of solution. The energy produced by the greenhouse and the plants that are produced in this greenhouse will be a solution for unemployment at the end. As a result, the citizen who has the facility to earn his life will not play the poor role model anymore.
To achieve this change, public is the first and direct target. Whenever one says ‘’I want to live in a way like this!’’, the real transformation will start. Diyarbakır Solar House is the first example which stands on the edge of this transformation and opens its doors to public use.

WOOD

Wood, which can be used even in six-storey buildings, is the basic construction material in our project. By encoring wooden structures, we think that we will help our forests structure again like in other countries where wood is used in housing industry. Besides, wood has very good properties like being appropriate for rapid construction and not having risk in earthquake. In future, sustainable energy sector and wood technology will have the opportunity of creating new working areas and employment in the country.
THE CONTRIBUTION of SCIENCE
and EDUCATION

We believe that Diyarbakır Solar House will open a way of change in terms of “Energy and Ecology” with the project itself and the education program in future. Although it is a very new project, more than 1000 primary school students have been informed by 20 volunteer trainers since now. Diyarbakır has retrieved the future’s education center with a special director, Gültekin Aydeniz, who gives all his support especially to education program.
We have realized some known techniques in some inexperienced manners. In some issues, we still have some progress patent studies. We had to be pioneer scientifically as well and I guess we are in the right way. Our goal is to raise children with energy awareness in Diyarbakır and see its effect in the whole country. People should see the truths in energy production and in usage themselves. As the house is located in Diyarbakır with the longest insolation duration; this house has a very important responsibility of being the first example there.
Diyarbakır has passed the first exciting stage in renewable energy use. However, we shouldn’t forget that ‘’sustainable life’’ is a very long run. The most difficult part of the process has started; from now on, it will be easier. 
In our opinion this attempt will not encourage discrimination instead it will encourage us to gather around a common issue which is nature. 
In the short term in Diyarbakır and in the long term in Southeastern Anatolian Region, Diyarbakır Solar House project will be the first step in education of solar energy use and awareness. In this structure, there will be continuous education for people from any part of the society about the concept of the house. 

At the same time, this project will make a scientific agenda about ‘’energy architecture’’ in new buildings. Later on, the proposals and directives to architects and local people will be questioned by municipalities. The context of the education in professional associations will be analyzed and revised. New educational programs will be proposed to universities; new ways will be searched to inform public about energy awareness and ecological sensitivity. 
EXPECTED RESULTS
The rural people will not take their problems to the city center as they will have assimilated a new lifestyle where they will be adequate to themselves in terms of electricity, heating, cooling and water. The new structure of the city will take a lesson and seek for a more comfortable but a more economical lifestyle. This transformation will create the political power itself for the legislation of new laws. 
By using solar in such a way, the citizens will see this new lifestyle which do not harm the natural balance; protecting the environmental values and without producing emissions. This means such a lifestyle does not create greenhouse effect and increase global warming. Using the energy in an economical way; managing heating, cooling and lighting with its own opportunities; this house can be considered as it has been designed according to ‘’Energy Architecture’’ principals. This will be a reply to the need of city life and sustainable building. Moreover, the sector which will be formed after our project will create a new investment and employment area. 

TECHNICAL FEATURES of DIYARBAKIR SOLAR HOUSE
Being an inspiring example for similar applications, we feel the responsibility to explain the whole environmental friendly system that can produce all the energy it needs. For that reason, we introduce the explanation texts which we also expose on the walls of our house in 15 titles. 
1- UNDERGROUND ENERGY
There is a constant energy 2 meters under the soil which is the heat of the soil layer from equator to poles. This temperature is always 5 degree less or more then 15 degree. To prove that, we have put a thermometer in a well near our house. From the observations done during summer and winter, we have seen that the temperature is always between 12-17 degrees.

In the backyard, by installing a piping system 3 meters below, the water at 15 degrees is taken and circulated by an another piping system installed on the ceiling, suspended ceiling and on the ground floor. This system lets the house cool naturally. 

To benefit from this energy by energy transfer from air, a piping system with a diameter of 30cm and a length of 88m has been installed underground. To prevent the condensation in the pipes, holes have been opened in two poles of the pipe. This natural cool air will be spread into the interior of the house in summers by the vacuum effect that creates the trombe walls and the greenhouse.
2- HEATING by GREENHOUSE and TROMBE WALLS
By the greenhouse located on the southern facade of the house, it will be possible to cultivate vegetables. In greenhouse and on trombe walls, there are air vents located on top and bottom, opening to interior of the house. The cool air which enters to the trombe walls from the bottom vent is heated by sun. The hot air rises and enters back to the interior from the upper vent and heats the house.
The short wave length ray passes through the glass surface of the trombe wall and crashes to the black sheet. This changes the wave length and the long wave length ray cannot go out and causes the greenhouse effect. When there is no sun, to benefit from the greenhouse, the backside of the black sheet is filled with sand which allows heat to be stored for a longer time.  
In cold climates; instead of using sand, the brick or stone walls can be used directly. However; in Diyarbakır, considering the extreme heating of the outer walls; sand has been used for thermal mass and located outside the isolated walls. 
3- COOLING by GREENHOUSE
and TROMBE WALLS

On trombe walls and greenhouse, apart from the vents opening inside; there are more vents opening outside, located on the upper part. When the upper interior vent is closed and the exterior one is open, the rising hot air captivates the cool air which enters the house from the openings on the northern facade or from underground canals. This is a vacuum effect.
By this mechanism, cooling can be achieved. Moreover, the movement of air causes a breeze similar to the effect of electric fan which increases the feeling of cooling. In summer, to prevent the excessive heating; the climbers and trees are used. The leaves fall in winter but in summer as they green, they provide shade.
In zero or plus energy houses, planting deciduous plants is an appropriate way of protection from the summer sun for energy efficiency. Pin trees should always be located on the northern part of the house for the protection against tough winds.  

In summer nights, as the outside air is cooler than during the day; the exterior vent is closed and the hot air which enters to the greenhouse and the trombe walls from upside is cooled on the outer glass surface and goes down. By this way, the air circulates inside and helps the house get cooler naturally.
4- VENTURİ EFFECT and WIND SCOOP
The wind scoops and venturi chimneys are simple systems for natural ventilation which can be used in any kind of building (residential, commercial, industrial…)

In the historical examples in hot climates, it can be seen that wind scoops have been used for ages and developed a lot. By changing the pressure, the wind gets faster and from the vertical canal, the wind enters to the house naturally and clean. The rising dirty air exits from the house by a ‘’venturi chimney’’. To take the air out from a bottle, you need to blow air inside in a parallel way. The venturi chimney has the same principal, it blows the interior air 
to the exterior. 
Chimney and the scoop have been installed on the peak of the roof. The carefully designed mechanism has been produced from black painted metal. All the vents that have been used in trombe walls, greenhouse and the venturi chimney can be controlled by hand but in case of a request they can be attached to an automation system by the help of the sensors that follow air temperature and wind. 

5- INSULATION
The main insulation material used on the walls and on the ceilings is a compound of cellulose and boron which does not have any health risk. The inside of the wooden construction as can be seen from the construction photos, has been filled by injection method. To observe different results; in the first part of the roof, perlite has been used whereas on the rest part, clay and straw have been used as a traditional method in Anatolian houses.  
Interior surfaces have been covered by plaster sheets. As known, the plaster dust is fire extinguisher and the plaster sheets are incombustible thus they delay the fire. 
On the bottom of the building and on exterior surfaces, a special plaster (compound of fibrous chip wood and perlite) has been used. This plaster is one of the first and leading solutions as it doesn’t allow the heat or water transition whereas the water vapor is able to pass through this material. The buildings should breathe like people do. If the building is isolated by a material that does not allow the water vapor transition, it is impossible to prevent health problems like rheumatism in 8-10 years in people and in the building itself. Thus, this is our pioneer property in choosing the insulation material.
We are very happy that all the materials that have been used in the building are productions of this territory and none of them has a health risk. 
6-FIREPLACE, in other words
COOKER
Fireplace is a heating element which all the energy houses can use in usual or unusual conditions. Even though the underground energy is not taken, by the breathing thermal insulation, the interior temperature of the house never goes below 0 degree. Moreover, by the help of the fireplace, the interior temperature which is anticipated approximately 10 degrees, will rise 15 degrees more and reaches to 25 degrees.  
The wood that burns in the fireplace will make a CO2 emission exactly the same amount with the C02 it carries during its lifetime. That means; if you don’t take coal or petroleum from underground, there is always a balance above the ground. The existing CO2 emission rate is never disrupted.  
In unusual weather conditions, fireplaces are the future heating elements which are able to burn the biomass and distribute the heat to the house by horizontal and vertical canals. In EU countries, the buildings which do not have fireplace chimney cannot take the building license.  
7- PV PANELS and SOLAR COLLECTORS
Equal to the latitude of the region, with a slope of 40 degrees on the southern roof and 17 degrees on the kitchen roof, PV panels have been installed. Each panel is 162 Watts and by locating 24, in total a system of 3.88 KW has been created. This mechanism meets the energy demand also with the help of an inverter, regulator and accumulators. 12 volt 100 ampere 16 accumulators have been used to store the energy produced. It is inevitable not to use such an efficient and economic technology in a sun-rich country.

This type of houses, until the double-hour application starts or the hydrogen technology becomes more common, needs to use accumulator to store the energy. However; the rapid developments in this field shows that after the usage of hydrogen in cars, storing energy by converting it to hydrogen seems very close. The energy converted to hydrogen is converted again to electricity by combustible batteries or like natural gas, can be converted directly to heat. 
Apart from PV panels; two solar collectors on the roof and a boiler on the ground floor have been installed to meet the hot water need.  
In Diyarbakır with its 3300-hour sun championship, the heated water will circulate in under floor pipes and by this circulation the house will be heated naturally during sunny winter days. 

8- BIOLOGICAL PURIFICATION
The house wastes can be purified %90-95 by using a small amount of energy. This can be achieved by Rotating Biological Disk method which works with the help of bacteria reproducing on plastic circular panels. This waste is transferred to rain water tank to be used in irrigation.  

The collected solid waste is dehydrated and used as fertilizer in the gardens.
The bacteria reproduce in a natural way on the disks and they adapt to the inconstant organic mass faster than other systems. The surface where the bacteria reproduce consists of turning disks which creates a total area of hundred square meters.
The system does not require any maintenance apart from oiling the spindle which connects the disks. In active mud units, the noisy air blowers use a power of 5-15 kW. In biological purification units, the reducer motors which use less than 1kW provides a %80 energy saving. The noise that a reducer motor makes is almost the same with the noise level inside a car (60 decibel). Such purification systems have the characteristic of being silent and odorless. 
Changes in the capacity are possible by adding extra modules or by not working some existing ones.
9- RAIN WATER
Whatever the reason is, it is evident that one of the first results of global warming is the loss of water resources and watery areas.
Although there are underground water resources in Sumerpark zone where the house has been built; it is aimed to create an example considering the future value of water. With this aim, rain water is taken by a piping system, transferred to the water tank on the northern facade and stored underground. After filtration of house waste; rain water and filtrated waste are used in garden irrigation. It is also possible to use this water in flushes.
Rain water can be collected also by locating gravels 50-60cm below the soil and using drainage canals which means enlargement of  the surface that has rain water. By this way; after dampening the plant roots, the excess rain water can be recycled and collected. Currently, in the zone where our house is located, there is not a need of such a system as there is an old irrigation well. 
10-WOODEN STRUCTURE
Wood which is the only recycled construction material in the world also forms the structure of our Solar House. Thus, the earthquake risk of the house is totally eliminated. As wood is an easy and rapid construction material, the house has been constructed in two months and has become a breathing place with the people inside.   

Wood has an insulation value 16 times more than concrete. Moreover, by using wood as construction material, we will have protected our forests. Countries such as USA, where %90 of the houses are built with wood, have a growth rate of %1-3 in their forests.   

In three different constructions, after a one-hour fire the situation is like this: Steel construction collapses in first 10 minutes. Concrete construction becomes delicate and has the potential of collapsing in the first earthquake. Wooden construction gives one hour to the occupants to escape as it does not collapse. Moreover, in wooden constructions it is possible to live inside again only by repairing the burnt parts.  
In the world, there are examples of wooden buildings up to six-storey. The tallest wooden building of the world is in Heybeliada, Istanbul. The building is 110 years old and has a height of 28.50m which is almost eight-storey. Moreover, 300 years-old waterside residences ‘yalı’ and 600-700 years-old wooden mosques give us a clue about the lifetime of wood. As our fathers, grandfathers know very well, wood is an appropriate technology for all climatic conditions. This is the reason why we have chosen wood in Diyarbakır Solar House.  

11- ENERGY PRODUCER and PROTECTOR GLASS
Glass has always been known as a material that protects us from environmental conditions while providing a visual access. Unfortunately, our glass manufacturers have not had any concern apart from selling tons of glass. They have tried to produce multi-layered glass to protect the energy. While doing this, they have complained about not being able to teach more than 3-4 types of systems to architects and engineers. Their only focus has always been protecting the energy ‘’that has been produced in a difficult way’’.
However, glass has always been an ‘’energy producer’’ material. In Diyarbakır Solar House; in the greenhouse and on three facades, glass is used with that aim. It does not only produce heat, moreover, it also helps the house cool by the vacuum effect that is produced by rising air.
The natural energy is protected by using double glazed windows on the frames that face exterior. However, the priority in our house is to use the energy that is produced during the sunlight’s crossing the glass and hitting an interior surface. During this process the ray changes phase as it passes from short wave length to long wave length.
12- SOLAR COOKER
It is possible to cook by greenhouse effect only by locating a glass surface over an isolated box which has an interior reflective surface. In USA, every year there are pizza cooking competitions using this simple method. Indians still use solar ovens located on southern walls. Our greenhouse; although it seems different, it is just a bigger example of this application. 

For instance; by covering a cardboard folded to create a light focus with aluminum foil, it is possible to make a heating mechanism. Another example is; you can produce the sufficient heat to cook scrambled eggs in picnic only by opening the reflective panels folded as umbrella. Besides carrying a picnic tube, it is more practical to use such a simple system. 
In Diyarbakır Solar House, we have a solar cooker which is a system similar to inverse umbrella. Concave reflective metal sheets focus the sun and help the water be boiled or the food be cooked located in the focus of the platform. Our aim is to show different possibilities of producing energy from sun and to inform our people about these processes. 

13- INFORMATION TRANSMITION and SHARING
The library within Diyarbakır Solar House has been thought to be a research library about ‘’Energy Architecture’’ including the issues; Energy, Ecology and Wood. 

Our aim is to provide information for any people who are interested in the issue and in future providing publications for higher education students and academic people. We want to supply a database which these people can benefit by coming to our house and continuing their studies here. 
Some journals about these issues have added Diyarbakır Solar House to their subscription lists voluntarily. 
Moreover; in the website www.gunesevi.org, information about energy and ecology will be   archieved and published. Our education programs for different sections and groups of people, meetings, activities and interior/exterior energy measurements will be a very special feature of us. Diyarbakır Solar House is the first solar house that will be observed by two interior and two exterior cameras.  

14- AUTOMATION SYSTEM
In our Solar House, all the heating/cooling elements are thought to be connected to an automation system to work in coordination. This system consists of measurement, evaluation and control command systems. Moreover; it is composed of temperature sensors, motors that control venturi chimney, trombe walls and vents and heating/cooling control elements. Thus, PLC (Programmable Logic Controller) will be used. The measurement values of PLC will be evaluated by the program and modified to achieve the comfort conditions. This will be achieved by controlling the motors which are used for opening and closing the existing vents.   
Continuously measured climatic values by the program will be transferred to the internet medium. Thus, people interested in the issue will be able to watch and continue the climatic conditions of the house. 

Although it is possible to have results by a manual command, automation system has been used to create a laboratory medium for encouragement of research and development studies. The second reason is to show that a house which produces its own energy can also be commanded by remote control or programming. 

15- ENERGY ARCHITECTURE
‘’Energy Architecture’’ stipulates that a building should use and produce energy in an appropriate scale and naturally. In its design process, it does not hold any unnecessary addition. Every being produces and consumes energy as it needs. It uses the skin that its lifetime function needs. Function makes the form not the visuality.
Energy architecture cannot be considered as 
designing a high rise region with different and irrelevant buildings. Which one would you prefer, in a house hot in summer or a house cold in winter? Or would you prefer to live in a house that you cannot open a window in wind or in a house where even a leaf does not move while windows are open? 

Energy architecture is a planning process that starts from urban planning and goes to appropriate construction material choice.    

A building starts its life with %50 energy saving and does not require an extra cost than a normal construction if there are appropriate planning, design and material choice. 
If the aim is to meet %100 energy need, like in our house there should be an extra cost of %25-50 for mechanical and electronic systems. In developed countries, governments support such expenses in the projects. Giving support, the government itself guarantees its future.
LAST WORD
We believe that the systems used in this house and our information panels will open a discussion about ‘’Energy Architecture’’ in public. 
Even if we do not own the buildings that we live in, the money spent for this aim will not be useless. In an indirect way, we are forced to pay the energy costs while we could have spent it for better living conditions. 
If we can be aware of this, ecology discussions and future examples like Diyarbakır will be the most important matter of agenda.

The fundamental change will not start from the peak of the pyramid, on the contrary, like in this example it will commence from the experiences of the public and its education and awareness.
Architect Çelik ERENGEZGİN
Solar House Project Author
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