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The aim

 of this project

 is the invention 

and application 

of resource methods for the 

energy efficient and environmentally 

friendly 

retrofitting of the houses. 

A

 grou

p of 

scientists and engineers 

have 

developed 

innovative

 ideas about the heating, the 

ventilation and the cooling of the houses

. 

Improvements have also been 

proposed

 

for

 the local microcli

mate improvement of the area. Several 

scenarios

 have been 

structured, 

analysed and

 presented for the purpose of restructuring the village.
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Arcadian Village 


- GREECE -





The Arcadian village is situated very close to the sea, at the site “Little Repontina” of Agios Andreas in Arcadia. The nearest village is Astros, and the nearest town is Nafplio. The latitude is 36,40N and the longitude is 22,10W. The village provides:





350 properties of 400 square meters, each containing a vacation house. 


A hotel of about 150 beds


A school, a museum, a church, places for entertainment and athletic centers.


Small shops





�





The Project INTERSET





The design of the Arcadian village started in 1988. It is about a completed seaside settlement on the coast of the Peloponnese. The village is situated near the town of Nafplio in Argolida. The Greek government offered a site of 605.000 sq. meters to DEPOS for the creation of the village and paid for part of the overall budget. The responsibility for planning and construction of this seaside resort was undertaken by the Ministry of Public Works and DEPOS.





In 1989 the planning of the houses had finished and the construction of the village was started. The aim of the Greek government was to create affordable housing while conserving the Greek cultural identity. Houses were offered to people that have migrated Greece and returned back.





OVERVIEW





House Description -Building Typology





2. Building Envelope














C. Advanced glazing: 

















Energy assessment of the suggested measures




















A. Central District System

















C. Advanced glazing: 








Each cooling unit should contain the following:


A pair of water-cooled chillers connected in parallel; their power ratio will be of the order of 70%-30% in order to achieve flexibility in supply.


A water circulator per chiller


A return valve per chiller


Solar collectors will be connected in series before the boiler unit in order to assist heat generation whenever this is possible.


In every house automatic control systems that determine the needs for heating and cooling in each room individually will be employed. These systems adapt automatically to user profiles and determine when and how heating or cooling will be employed, hence reducing energy consumption to a minimum.


Heating and cooling systems in each house will function in direct collaboration with district systems. A governor’s plan will be supplied to determine who is going to maintain the system, how it will operate and how these features will be advertised.


























A. Central District System

















C. Advanced glazing: 








Factors that have been considered are:





Cost for designing and installing the system


Cost of maintenance


Running / energy management


Pricing / cost charging





The price of the energy supplied is the sum of running and fixed costs: 


Α. Running costs


       This is the cost of supply of natural gas + the cost of biomass + the cost of electricity. These prices may vary from time to time.


Β. Fixed costs


Initial investment payback


Running and maintenance costs


Cost of long term improvement and upgrade of the installations in future years


Cost of management, distribution and collection of utility bills


.





3. District Heating & Cooling














C. Advanced glazing: 








2. Building Envelope














C. Advanced glazing: 








The village was designed in the late 80’s. Construction started in 1989 and was completed in the early 90’s. Since 1994 it has been inhabited. Even though modern materials and design techniques have been used there is still a lot of space for improvement as far as energy consumption is concerned.





Several thermal simulations for the suggested scenarios have been performed. Results are presented graphically in annual and monthly consumption figures for all three types of houses. Figures are shown overleaft. 














House Description -Building Typology








The project aims in retrofitting the settlement in such a way that:





Overall energy consumption is minimised.


Local microclimate is improved while innovative methodologies to improve the use of energy efficient techniques are applied


The use of environmental sources and materials is maximised


Indoor and outdoor living conditions are improved.


Low cost housing is provided
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Project Objectives 





The terrain is hill with not much vegetation present. Tree planning will be made on such a way that solar control is optimised. The Arcadian village is situated very close to the sea; a typical example of a traditional Greek village in a rocky region. 





The climate of the region is maritime. In summer months, high temperatures appear. North-east winds are prevailing but they vary with time of the year. The sea breeze will be exploited for day and night cooling. The sun shines extraordinary 1800h/a; with a global radiation of 1100 kWh/m2 a. Average wind speed for the area is 3.8 m/s and the average temperature is 15.40C.








The Site





Amortization





A. Insulation: Increased wall insulation gives an average total saving (both heating and cooling included) of approximately 15kWh per square meter per year. This is a saving equal to approximately 525,000 kWh per annum for the whole settlement. Depending on the type of energy used at present, the cost per kWh is of the order of 0.015 to 0.005 €/kWh. This gives an average total saving of roughly €2,600 to €7,900 per year for the whole settlement. Taking into account the cost of the insulation (€105,000 for the whole settlement) the simple amortization period is between 13 to 40 years.





B. Double Glazing: This measure -according to calculations- will give savings of approximately 3kWh per square meter per year, i.e. 105,000 kWh per year for the whole settlement. The annual savings for the settlement are of the order of €3,000 per year, at the best case. Amortization period for this type of energy saving measure is very large (more than 30 years). 





C. Ceiling Fans: This gives an average saving of approximately 7kWh par square meter per annum. The cost for each building is of the order of €160, giving a total cost of €56,000 and for the whole settlement and annual savings of roughly €1,200 to €3,700. Amortization period is hence roughly of the order of 15 to 46 years, depending on the cost of energy initially used.




















Economic evaluation





Increased room temperature can be pleasently tolerated by occupants during the summer if ceiling fans are used. This way cooling loads are reduced. A minimum of two ceiling fans per house will be implemented. Energy savings from the use of ceiling fans is of the order of 5 to 10% for the summer performence of the buildings.


Burried pipes are usually incorporated in new constructions. However it may be possibe to implement them in existing buildings as well if enough space is available. Burried pipes contribute significantly to the summer performance of the buildings. The proposed design consists of 30 meters of underground polypropylene piping with diameter of 20cm, buried under the back yard of every house (wherever this is possible) at a depth of 2.5 meters. Forced air circulation at 6m/s will provide chilled aeration for the house throughout the day. The main drawback of this method is the increased cost, which is only counterbalanced by reduced energy consumption. 


This is the combined scenario that incorporates all of the measures described above for energy efficiency. Savings are great but the implementation of all proposed solutions is not always possible.





Implementation





2. Building Envelope














C. Advanced glazing: 











The structure of the houses is made of concrete frame and bricks covered with white lightweight plaster. Insulation is done with expanded polystyrene. The foundation is concrete ground slab. Windows are 3 mm single glass with wooden frames with a U-value of 6,2 W/m2C. Clay tiles have been used for roofing. 





The summer performance of the houses is of prime importance, since this traditional seaside is mainly occupied in the summer. However winter performance is also significant as some people use the resort for permanent residence.





Several scenarios for the improvement of the building envelope have been considered. The present situation is referred to as the base case; Extended scenarios are also considered (improved insulation, double glazing, etc…) and their energy performance is evaluated.





Individual scenarios are described and assessed in terms of energy efficiency and cost. These are presented in the next pages.  





Emphasis will be given mainly in the summer performance of the buildings, as this is mainly a village for summer holiday tenants. Microclimate will be controlled by:





A) Vegetation: Trees and green spaces contribute significantly to cool our cities and save energy. Trees can provide solar protection to individual houses during the summer period while evapotranspiration from trees can reduce local temperatures. Trees also help mitigate the greenhouse effect, filter pollutants, mask noise, prevent erosion and calm their human observers. The effectiveness of vegetation depends on its intensity, shape, dimensions and placement. But in general, any tree, even one bereft of leaves, can have a noticeable impact on energy use. 


Shading of space will control microclimate with the aid of vegetation and with the extended use of cool materials. Tree shade reduces cooling energy use inside buildings in three ways:


Preventing direct solar radiation through windows,


Reducing the amount of heat reaching the interior through the envelope,


Keeping the soil around the buildings cool (“heat sink” effect).  





B) Night ventilation: Through the optimization of ventilation openings in the houses night ventilation reduces cooling loads. This way less energy is needed for air-conditioning and the overall daily thermal charge in the village is reduced. A very important factor for cooling of the local environment at night is the light sea breeze, which is present in this seaside resort.











Retrofitting of the settlement is aimed in improving the quality of living of the tenants in the settlement while preserving the natural beauty of the site. Care for the environment is of prime importance for this project. Key objectives are:





Cost effective implementation of advanced retrofitting techniques for each house individually


Development and assessment of methodologies to improve local microclimate for the whole of the settlement


Maximum use of environmental energy sources and materials


Decrease of energy consumption 


Low cost housing


Improved indoor and outdoor living conditions





Improvements are focused in four main areas:


Local area conditions such as microclimate, environmental aspects etc.


Amelioration of the building envelope for each building individually


Advanced cooling for the houses


District heating and cooling for the whole settlement.





Type c:120-140 sq. meters











Shown to the right is one of the largest house types available, intended for bigger families. Adapted to the natural slope of the site it provides a spacious living room, a dinning room, a kitchen and a small bathroom on the bottom floor plus three bedrooms and a second bathroom on the second. The two levels communicate by an internal stairway. A patio is also available.























Economic evaluation

















Implementation





Infrastructure


The Arcadian village is situated very close to the sea and this is one of the main attractions of the site. Houses have been constructed using concrete framework filled with brick-walls. Some wood is also present.


ROADS: A network of road has been designed specifically for the needs of this village. The site has access to main roads, and public transport.


DISTRICT HEATING: No district heating / cooling is available for the village at present. The site could incorporate a district heating / cooling network. The use of seawater for cooling is also an option.


WATER: It is provided by the local authority; the infrastructure for water supply is already available and occupants have fresh water in their house. A sewage duct system is also already available.








Implementation





Implementation





2. Building Envelope














C. Advanced glazing: 











Energy assessment of the suggested measures





Monthly Heating and Cooling loads,


Type B house





3. District Heating & Cooling














C. Advanced glazing: 








Implementation





3. District Heating & Cooling














C. Advanced glazing: 








2. Building Envelope














C. Advanced glazing: 











Energy assessment of the suggested measures





Monthly Heating and Cooling loads,


Type C house





























3. District Heating & Cooling














C. Advanced glazing: 








Type b: 95-105 sq. meters











This is a single-family house that has been adapted to the natural slope of the site. It contains two bedrooms, one living room, one dinning room, a kitchen and a bathroom. These areas have been split in two levels by an internal stairway. A patio is also available.








House Description -Building Typology





Implementation





Implementation





2. Building Envelope








Wall and roof insulation presently consists of 5cm of expanded polystyrene. This may be increased to 10 cm, reducing the heating load by 20 to 30%. Cooling loads are not so much affected by wall and roof insulation. 





Solar control is optimised with the use of solar shades on the inside and the outside of the building. Solar shading is also improved with the application of tree planting, something which is also contributing to the microclimatic improvement of the area.


Internal shading devices (blinds) will be incorporated in the the houses. External shades will also be used on their south side. They will be specially designed to adjust to the traditional architectural style of the settlement.








Advanced glazing usually contributes to the winter performance of the building; the overall thermal insulation of the envelope is increased and hence heating loads are reduced. When used in conjunction with shading mechanisms the cooling loads can also be decreased. It is suggested that single glazing windows are replaced with double ones with a U value of 3 W/m2C. Annual energy savings in heating are estimated in the order of 4 to 7%.























A. Insulation: Increasing insulation from 5 to 10 cm costs on average €300 per house. Hence the total cost for the settlement (350 houses) is of the order of €105,000





B. Double glazing: U value of 3 W/m2C can be achieved using double glazed windows that cost approximately €30 per square meter. The frame costs are of the order of €30 per meter. This gives an average cost of €390 per house, for using double glazing instead of single. The total cost for the whole settlement is approximately €136,500.





C. Night ventilation: The cost of employing night ventilation is associated with the creation of openings in selected spots in the house; cost is estimated at around €140 per house, giving a total cost for the settlement of €49,000.





D. Buried pipes: 30 meters of tubing for each house at approximately €100 per meter (including digging, installation, funs, etc.) give rise to a total cost of approximately €3000 per house. This is quite high but the effects are beneficial in terms of energy consumption and consequently environmental aspects. The total cost for the settlement is approximately €1,050,000





E. Ceiling fans: Increased room temperature can be pleasently tolerated by occupants during the summer using ceiling fans, reducing this way the cooling loads. A minimum of two ceiling fans per house will be used, costing approximately €80 each. Total cost for the settlement is €56,000.








Price charging will be done according to consumption and not on a monthly or yearly basis. This will give the occupants incentive for energy saving.


It is suggested that central chilling / heating units are placed on the circumference of the village either inside a basement building or in the roof. This building should be close to the sea to allow water-cooled chillers to be used. They have higher coefficient of performance than air-cooled ones. Consumed energy will be monitored by individual, autonomous calorimeters in each house, different for heating and for cooling.


 It is suggested that autonomous heating / chilling district systems are used for every 100 houses. This way an extremely large installation will be avoided and flexibility in the system will be attained.


Each heating unit should contain:


A low temperature gas heater of the order of 700kW


A second boiler of the order of 880kW


A 700 kW closed loop heat exchanger


An expansion tank of 1.100 liter capacity


A diode valve with external temperature sensors controlling the by-pass circuit























INTERSET PROJECT - Case study





Most of the houses are of the stand-alone, single type; their differentiation is mainly in size. There are three main categories: 


a) 60-75 sq. meters, b) 90-105 sq. meters and c) 120-140 sq. meters. Many of them have been adapted to the natural slope of the site. They have their own gardens and common leisure facilities.





The village has been designed mainly for summer use but some people visit or stay permanently in wintertime as well. As it is a resource village, there are no offices, factories, etc. Some small shops are present. Ownership is private and has been partly subsidised by the government. Some architectural restrictions apply concerning the image of the whole village that must be preserved at a traditional, Greek seaside style level.





 Globally accepted innovative systems and techniques will be employed for retrofitting. Strategies for making the settlement an environmentally friendly resort for the community will be assessed. Dissemination of the proposed actions will provide sufficient feedback for evaluation and possible improvements.














Possible areas for improvement are:





The Building Envelope


Advanced Cooling Systems   


Microclimate


District systems








House Description -Building Typology





Type a: 60-75 sq. meters











This is a single family, one-store house with a total area of 70 square meters. Properties are of the order of 400 square meters; this gives the owners the luxury of a garden. The house contains two bedrooms, a living room, a kitchen and a bathroom.








Implementation





B. Building Envelope Retrofitting

















C. Advanced glazing: 








A. Central District System

















C. Advanced glazing: 











The average energy consumption for the base case scenario has been calculated as follows:


ENERGY


Heating		65 kWh/m2a


Cooling		42 kWh/m2a


                   POWER


Heating		7,2 kW


Cooling		5,6 KW


The price for energy in Greece is as follows:


Natural Gas  (Industrial use)   		0,1761 €/m³


Natural Gas  (Household use)    		0,3815 €/m³


Electricity  (Industrial Use)  		 0,0497 €/kWhel.





(Data from the Regulatory Authority for Energy in Greece 18/07/01).





Economic evaluation





As far as energy in concerned, the following points should be noticed:





Prime fuel will be natural gas; burning of biomass should also be possible


Main heat source should be coupled to solar collectors; they will assist generation of heat during sunny days.





The following initial conditions have been considered for the district heating and cooling system:




















Implementation





A. Insulation:








B. Solar Control:














C. Advanced glazing: 








2. Building Envelope














C. Advanced glazing: 








1. Microclimate








Implementation








Energy assessment of the suggested measures





Annual Heating and cooling needs





Site plan for the site where the village has been constructed








Energy assessment of the suggested measures





Monthly Heating and Cooling loads,


Type A house





D. Ceiling fans:








E. Burried pipes:

















F. ECO Building:





2. Building Envelope














C. Advanced glazing: 














Amortization period is a strong function of energy cost, something which is hard to calculate in this case since many different sources of energy are used at present (diesel oil, electricity or in some instances biomass). Real cost of energy hence varies from of 0.015 to 0.005 €/kWh.





Project Objectives

















Economic evaluation











The estimated cost of a centralized district heating and cooling system for the village plus some support buildings is shown below: 








Type of unit�
Cost of Unit + Infrastructure�
Total cost for 400 dwellings�
�
Small unit (100 houses)�
€150,000 �
€600,000�
�
Large unit (200 houses)�
€311,000�
€622,000�
�
Large unit with solar assistance�
€443,000�
€886,000





�
�



.





Implementation





Solar assisted district cooling and heating is suggested for the village. The fact that a network of pipes will have to be incorporated in the existing infrastructure of the village imposes a complication; retrofitting and digging through existing structures is not always very popular to the local community. However potential energy savings are great and the whole system deserves special consideration. The fact that cool seawater is available enables the use of highly efficient centralised chillers.





The suggested central district system should have the following specifications:





Minimal energy consumption; this suggests high coefficient of performance for the chiller and high boiler efficiency.


Minimal pollutant emission; this favors the use of renewable energy 


Flexibility in demand (fast start up and shut down, part load operation possible)


Use of ecological refrigerants


Economy in maintenance and running


Autonomous supply for each occupant: Owners should have control over the time and amount of heating and cooling of their spaces; this should give them incentive for energy saving.


Ease of installation




















Implementation





Implementation





Amortization











Buried pipes have been used extensively in the last few years with great success. However, their implementation in existing settlements is somehow complicated.





D. Buried Pipes: A total average of 25kWh per square meter per year is saved using this technique. This equals roughly 875,000 kWh per annum for the whole settlement. Savings in energy bills are of the order of €4,300 to €13,100 per year. The total cost for using buried pipes for the whole settlement is €1,050,000. Amortization period is very large, over 30 years. However if the combined scenario is applied then the need for heating or cooling is almost totally eliminated, avoiding the cost of installation and maintenance of the district heating system totally. 





E. ECO Building (Combined scenario): The cost of applying all measures is estimated at €1,396,500 (€105,000 for the insulation, €136,500 for double glazing, €49,000 for night ventilation, €1,050,000 for buried pipes and €56,000 for ceiling fans). Taking into account the price for the district system (€1,772,000 approximately for the whole settlement plus services), there are in fact savings from applying the combined scenario instead of a district system. 
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