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Summary
High competition sport is a media phenomenon that passionate people all over the world. The
organization of the European Championship in Portugal and the Olympic Games in Athens, both in
2004 and in Mediterranean countries, led to the creation of IRTUS, a project to maximize the
integration of renewable energies in urban and sports spaces, to surf the media and show the billions
of spectators all over the world the potentials of renewable technologies from the past, in the present
and each time more for the future.

Olympic and sportive spirit, a sound mind in a sound body, peace and universal fraternity, join
renewable energies, of which widespread use help fossil fuel replacement, clearly contribute to a
healthier future, more coherent, more ecological, more peaceful.

Feasibility studies were achieved thanks to previous experiences from Barcelona Olympic Games
1992 and last European Cup (Holland 2000). Seven countries were involved, 5 directly (Portugal,
Greece, Holland, Spain, Denmark) and indirectly Germany and Poland.

Foreseeing the construction of a high competition sports facility to host the National Football Teams in
Sintra, AMES, associated with promoter entities, which include the Municipality of Sintra and
Portuguese Football Federation, with the intention to study the way to render the future sports
complex self-sufficientie in what energy concerns, utilizing renewable resources available locally.
AMES also offered to inventory potentials to integrate renewable energies, especially thermal solar
energy, in the existing and to build sports facilities in Sintra. Were identified 223 places and
opportunities to install 5,320 m2 of solar Collectors in Sintra.

The total energy saving amounts to 2,7 GWh. The specific energy consumption will be 131.8
kWh/(m2an). All energy will be supplied by renewables and also will supply the power grid more than it
will consume. NKUA apported important contribution to results validation modelling Buildings
behaviour.

Results show that RES investment return in Portuguese Football Academy is 62 months with public
support. With only own funds the ROI is 96 months. An innovative financing approach is envisaged
joining footbal willingness and RES promotion and using a special law for Euro 2004 development.

The particular aim of the Amaroussion (short name: Maroussi), was to develop an integrated local
action plan for the city-wide incorporation of RES technologies and systems into the municipality of
Maroussi, as it prepares to host the Athens 2004 Olympic Games. Maroussi, a northern suburb of
Athens, with a large concentration of business offices, commercial centres and luxurious residential
housing, is an area where 70% of all athletic facilities for the Games will be located (the Olympic
Stadium, the Olympic Swimming Centre, large athletic, commercial and service complexes, etc.).

The feasibility study for the Feyenoord stadium ended successful in the end of 2000, before the
IRTUS project was contracted in April 2001. Consequently, Ecofys enlarged its scope to other sport
facilities in urban areas: Set up of an approach to save energy at numerous sports facilities in urban
areas on a national and local community level; Promotion of renewable energies at football stadiums
in The Netherlands, in Germany and in Poland; Case study to large swimming pool in Leverkusen
(Germany). The idea of the Ecokit, an easy accessible CD-rom with cost effective energy efficient
measures well applicable to the Dutch sport centres on a local level, proved to be a valuable tool. This
idea may be well of use in other countries.

Despite the good opportunities of demonstrating renewable energies at football stadiums and the often
(very) enthusiastic receipt of the ideas, decision making parties at the football stadiums could not be
argued to invest in a feasibility study due mainly to RES unknowledge concrete possibilities: The main
reason of IRTUS project. Two major reasons are:

A municipal sports centre built in 70’s will be rehabilitated in an energy efficient way and a new and
larger sports hall is to be built. The integration of renewable energies in the energy supply of the
sports facilities was studied. The work undertaken under the IRTUS project covers feasibility studies of
energy conservation measures and RES. In summary the results of the feasibility studies show that if
all the analysed measures for the sports hall are carried through the payback time will be 15-16 years,
the thermal energy savings will be 112 MWh (36%) and the output from the PV system will be 5 MWh.

IRTUS detected, only in Portugal and Greece opportunities, to save 8,262 MWh/an of fossil fuels,
avoiding the CO2 emmissions at least 13,000 ton/an and installing 2,004 kWp of Photovoltaics and
7,950 m2 of solar Collectors, fulfilling ALTENER Take-off goals.
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AMES Contribution
IRTUS project in Sintra relied in the three following objectives:

1. Perform a comprehensive study to minimize energetic consumptions of the sports facility
National Teams Academy and that it will be totally supplied with renewable energies;

2. To develop a financial strategy to make the project real;

3. To produce a study of renewable energies integration in sports facilities in Sintra.

AMES and Sintra Municipality
Sintra is a Municipality 30 km West of Lisbon, where history, urbanism, nature and ruralness
interpenetrate in a multifold sub-urbanity of a hugly populated agglomerate of more than 2 million
inhabitants to which Sintra contributes with 20%.

Last decade of the XX century, population of Sintra raised circa 40% the equivalent to an annual
growth of 3.4%, i.e. 10 families per day.

Search for energy in Portugal has grown 4.5% a year in the last decade, with prominence to
transportation, of which average growth ascends to 6% a year. In Sintra these values are aggravated
not only from the population growth and consequent housing, but also by the strong pendulum effect
home-to-work-to-home, characteristic of sub-urban areas in strong expansion.

National Teams Academy
National Teams Academy is a project of the National Football Federation that envisages the set up of
a sports complex, a football school and residencies, for high competition athletes: a football academy.

The academy will be located in Sintra. The usage estimation is 130 athletes including coaching teams.
Circa 70 people will be the backup staff. Thus maximum capacity will be 200 people (it includes
meals). The project affects an area of 10 hectares, is oriented to south and is sheltered from northern
dominant winds. The constructed area will be 15,930 m2 and sports grounds’ area will be 27,800 m2.
An eco-sustainability pattern was performed including energy sel-sufficient, a water harvest from rain
in order to reduce tap water from underground. The CO2 balance is 21 tons positive.

Eco-sustainability project of the National Teams Academy recommends:

1. A three times better thermal quality then the ten-years-old regulations in effect in Portugal;

2. The installation of carbon steel tubes buried in the soil 2 m deep totalizing 1,400 m, in a way
that ambient air is acclimatized before getting into the buildings;

3. The installation of 976 m2 of solar collectors on the rooftops evolved by platbands, conceding
easy aesthetic integration associated with easy maintenance accesses. Solar thermal energy
will supply 541,235 kWh/year, contributing with 29.2% of energy the sports complex. Here the
production of cold is included for summer acclimatization, using absorption cycles based on
water/lithium bromide, which condenser is refrigerated by the pond water;

4. The installation of two biomass pellet boilers totalizing 600 kW. Biomass useful contribute will
be 865,453 kWh/year, corresponding to 46.7 % of total energy consumption in the sports
complex;

5. The installation of 297 kW of photovoltaic solar collectors integrated on façades, covers and
cover plates of sport spaces. The contribute will be 440,576 kWh/year, corresponding to 110%
of electric needs of the sports complex and 23.8% of global energy needs. The energy will be
produced and freed for exchange with national public network;

6. Rainwater water collection and storage in underground reservoirs, with the capacity of 24,000
m3 and windmill pumping using windmills of the type “American windmill” produced locally;

7. The use of vacuum to avoid effluents, reducing water needs in toilets and eliminating the
possible occurrence of smells in the buildings;

8. The installation of a wastewater treatment plant using plants, reducing energy consumptions
and final effluents;

9. Proposes an innovative, combining promotion of renewable energies with the passion for
football and its great media impact, through the sale of interactive CD/DVD showing the
project IRTUS and the memories of the Portuguese National Teams.
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The eco-sustainability project proposed by IRTUS for the National Teams Academy leads to following
conclusions:

1. Giving energy self-sustainability capabilities and to reduce significantly the use of fresh water,
in a sports complex, is technically possible;

2. Financing the eco-sustainability economically is viable, since investment returns periods are
62 months if completed with public funding, 96 months without any incentive, with a lifetime of
the equipments over 20 years;

3. Avoiding CO2 emissions and supplying electricity to the public network with no emission of
green house effect gases gives the environmental competitiveness;

4. Avoiding the set up of new power plants and reinforcement of power unidirectional
transportation lines brings strong social interest;

5. Thermal quality of edifice envelope, both opaque and transparent, is the first and the most
important parameter to control in order to attain a low cost energetic eco-sustainability;

6. The association of renewable energies with popular sports is an interesting field to appeal to
people’s sensibility to problems of energy supply safety;

7. Integration of renewable energies in sports facilities is an enormeous field to exploit with local
public promotion.

The assessment of opportunities to integrate RES in Sintra Sports facilities, found 223 places,
totalizing 5,320 m2 for Solar Collectors instalation. The investment budget was estimated in 3.2 M€
with a public contribution of 1,3 M€ (40%). Systems could be installed next four years.

Figure 1 – Overall scheme of AMES IRTUS concept
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AMES IRTUS Concept

Figure 2 – Balance to energy costs and receipts in AMES IRTUS concept

Ecofys contribution
The feasibility study for the Feyenoord stadium ended successful in the end of 2000, (long) before the
IRTUS project was contracted in April 2001. Consequently, Ecofys enlarged its scope to other sport
facilities in urban areas:

� Set up of an approach to save energy at numerous sports facilities in urban areas on a
national and local community level,

� Promotion of renewable energies at football stadiums in The Netherlands, in Germany  and in
Poland,

� Case study to large swimming pool in Leverkusen (Germany),

During all performed activities, much attention was paid to a broad dissemination on knowledge of
integration renewable energies on sports facilities, by presentations to stakeholders, by one to one
meetings, by disseminating information material and by energy saving products, by direct mail, by
journal articles in (local) newspapers and the like. Despite the good opportunities of demonstrating
renewable energies at football stadiums and the often (very) enthusiastic receipt of the ideas, decision
making parties at the football stadiums could not be argued to invest in a feasibility study. Two major
reasons are:

� The ‘day-to-day’ core business requires (too) much attention from the decision making parties.

� One does not know the possibilities (and conditions) of renewable energies.

Both reasons lead to a low interest in performing feasibility studies within the scope of IRTUS. The
interest is growing, as shown by the feasibility study at the swimming pool in Leverkussen. This
process will improve further thanks to ongoing dissemination of the possibilities of renewable energies.
Ecofys feels that the efforts within IRTUS definitely contributed to this on a national and local level.
The idea of the Ecokit, a easy accessible CD-rom with cost effective energy efficient measures well
applicable to the Dutch sport centres on a local level, proved to be a valuable tool. This idea may be
well of use in other countries.
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Ballerup/Måløv – Denmark Contribution
A municipal sports centre built in 70’s will be rehabilitated in an energy efficient way and a new and
larger sports hall is to be built. It is the intention to include renewable energies in the energy supply of
the sports facilities. The work undertaken under the IRTUS project covers feasibility studies of energy
conservation measures and renewable energy systems.

The existing sports facilities consist of a sports hall and clubhouse. Feasibility studies - in the form of
total-economic optimisation  - have been conducted covering the following areas:

� additional insulation in the façades and roof (both);
� new low-energy windows (both);
� ventilation with heat recovery (clubhouse);
� preheating of ventilation with air solar collectors (sports hall);
� solar heating of hot water (both);
� photovoltaic (PV) solar cells (sports hall);
� (both = sports hall and clubhouse).

In summary the results of the feasibility studies show that if all the analysed measures for the sports
hall are carried through the payback time will be 15-16 years, the thermal energy savings will be 112
MWh (36%) and the output from the PV system will be 5 MWh.

For the clubhouse all the analysed measures can be carried through with a payback time of 16 years
and the total savings will be 69,5 MWh (57%). Preliminary funding for a PV plant has been established
and the Municipality of Ballerup is now considering implementation of the energy saving measures.

An architectural competition has been held in the autumn of 2001 and an architectural company was
selected for the final project design. The overall design criteria for the new sports hall include
requirements for energy efficiency, and that environmental friendly materials should be used. A
contractor has been found and the construction work has started.

Fig. 3 South facade of existing sports hall – PV-cell area indicated.

An architectural competition has been held in the autumn of 2001 and an architectural company was
selected for the final project design. The overall design criteria for the new sports hall include
requirements for energy efficiency, and that environmental friendly materials should be used. A
contractor has been found and the construction work has started.
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New sports hall
An architectural competition has been held in the autumn of 2001 and an architectural company was
selected for the final project design. A façade drawing from the winning project is shown below. The
overall design criteria for the new sports hall include requirements for energy efficiency, and that
environmental friendly materials should be used. A contractor has been found and the construction
work has started.

Fig. 4 Façade facing West.

Amaroussian Contribution
Based on the findings and recommendations of energy mapping of Maroussi, all members of the
Maroussi team agreed to focus on the feasibility study / preliminary design of the six (6) RES-related
projects listed below. These projects were selected mainly because of their importance in the
Maroussi Olympics Preparation Plan (OPP; i.e. the municipality’s plan for co-hosting the Athens 2004
Olympic Games) and for their duplication and dissemination value (for similar projects in the wider
Athens area, linked to the organisation of the 2004 Olympics).

1. Integration of RES technologies into the design of the new “KARELA” Athletic Park (KAP), to
be built in Maroussi.

The Karela Athletic Park is a sports complex, at the moment in the drawing-board stage, formed by
the following facilities:

� A set of two ice tracks for skating, hockey and other spectacles, with a capacity of 5.000
spectators.

� A football stadium with a capacity of 15.000 seated spectators.

� A baseball stadium with a capacity of 1.000 seated spectators.

� A health club, located above the auxiliary ice track, with a useful surface of 5.500 m2, that will
lodge an indoor 25 meters swimming pool.

� An open-air 33 meters swimming pool.

� A sports academy, with capacity to lodge 200 people.

The RES interventions, which were studied by ICAEN, included solar active for domestic water
heating for the baseball field of the KAP complex and bioclimatic design of the ice-skating arena of the
complex.

Concerning the domestic hot water production for the showers in the Baseball Stadium a solar thermal
installation of 80 m2 is proposed, with which almost 75% of the demand for this service can be
covered. The economic profitability of this investment, evaluated in 20.000 Euro, is quite modest,
originating a pay-back period slightly superior to 9 years. On the other hand this installation, specially
if the cogeneration-absorption option will be realized, would loose its sense, since in this situation
there will be an excess of heat that can be used for obtaining domestic hot water for the showers.

The proposals in the scope of the bioclimatic architecture for the building destined to lodge the ice
tracks, are centred in aspects to maintain a moderate indoor temperature of about 12 - 15 ºC with a
minimum of energy consumption and also to obtain an acceptable level of natural lighting in the
interior.
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2. Integration of RES technologies in the existing “MANIOS” Municipal Swimming Pool of
Maroussi.

Solar active for water heating and, possibly, dehumidification of the pool were considered. ICAEN was
responsible for the feasibility study / preliminary design of these RES interventions.

The swimming pool facilities of Manios work throughout the year and require heating of the water for
the swimming pools by means of boilers, the cover of the swimming pools by means of a thermal
blanket during the night has been studied with the intention of reducing the losses of heat by
evaporation, radiation and convection. By introducing this measure, a very significant energy and
economic saving is obtained: in the case of the central swimming pool a saving of 385,632 kWh/year
is obtained, equivalent to 10,892 €/year, on the basis of an investment of 51,200 € supposes a pay-
back period of the investment of 4.7 years. In the case of the auxiliary swimming pool the results are
more modest, because the type of the required blanket is specific and therefore expensive: the energy
savings are 47,190 kWh/year, equivalent to 1,333 €/year, with an investment of 15,700 €. That implies
a pay-back period of the investment of 11,8 years.

The proposed installation is 170 m2 of solar collectors, covering the entire roof of the existing building.
The energy produced by this installation would be 644,919,454 kJ/year, equivalent to a fuel saving for
the boilers of 732,863,016 kJ/year and an economical saving of 5,750 €/year. The investment costs
are 42,500 €, based on 250 Euro/m2collector area. This would lead to a pay-back period of the
investment of 7,39 years. It may be shortened and therefore more attractive for the investor by public
subsidies or low-interest-grants for the promotion of the use of RES.

With regards to the water consumption destined to showers, toilets, etc. it was considered typical
values located between 20 and 50 litters per person / day. With the objective to come to a policy of
water saving in the facilities, the assembly of three lines of water metering is recommended: (i) hot
water renovation of the swimming pools; (ii) domestic hot water for use in showers and toilets; (iii) cold
water for other uses (toilets, irrigation, etc.)

3. Integration of RES technologies into the design of the new 10,000m2 office building of the
Deposits and Loans Fund, co-owned by the Municipality of Maroussi.

The RES interventions, which were studied by NETWORK, included bioclimatic design of the building
(heating / cooling), solar active for domestic water heating, as well as a PV-façade for this building.

The construction of a new office building by the Municipality of Maroussi, which will become part of the
Media Village to host a number of journalists, has been scheduled. The building is co-owned by the
Municipality of Maroussi and the Deposits and Loan Funds. The new office building will be constructed
in the broader area of the main Olympic Stadium. The construction will be a 5 floors building including
the ground floor, as well as three underground floors. The land area is about 7,460 m2. The building
will have 4 floor above the ground of the building about 1,500 m2 (20%). The four floors above the
ground floor include 304 rooms to host the same number of journalists during the Olympic Games, as
part of the Media Village. Following the Olympic Games, the rooms of these floors will be redecorated
and will then be used as offices.

It was calculated that the contribution of the building bioclimatic design will be as follows:

� Thermal gain due to solar energy exploitation will account between 30% and 35% of the total
consumption. Another 10% to 15% gain will be due to the activities of the habitants and the
remaining 55% will be covered by the conventional thermal system.

� Ventilation and building envelope losses will be approximately 60% and 40% of the total losses
respectively.

� For heating energy, the improvement by using thermal insulation materials in the building
envelop is around 9% compared to a standard construction. Another 2% from the heating
energy will be saved if better quality double glassing of k value equal to 2.10 W m-2 K-1 is used.

For cooling, the careful design of sun protection devices will account more than 40% savings of the
total energy required. A through-the-building ventilation technique by using properly sized skylights will
contribute to a reduction of up to 12% of the building cooling energy required. The use of thermal
insulation materials in the building envelop will reduce by 2% the cooling energy compared to a
standard construction. During the heating period, the bioclimatic design of the new building will
guarantee a temperature stability of 120C to 140C inside the building on a 24-hour basis. In cold winter
days, the conventional thermal heating system will have to compensate the difference of 70C to 80C to
reach the required comfort temperature.
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The additional cost for the application of passive solar systems, which will be incorporated during the
construction stage, is estimated to 3% of the total construction cost (about 700 €/m2 for office building).
The expected benefit of such application is a saving of energy consumption for heating/cooling and
lighting of a minimum 30%, average on a yearly basis. This figure results to a payback period of 5
years taking into account the current oil and electricity prices. Moreover, the operation period and time
of the conventional heating/cooling systems and lighting will be decreased during the year with
benefits in operation and maintenance expenses, as well as the installed capacity of heating/cooling
should be lower with savings in the investment. The environmental benefit of the application of passive
solar systems in the building is a saving of the emissions in the atmosphere of about 770 ton of CO2.

The concept is to cover all the needs for domestic hot water of the rooms in August 2004, a month of
high solar radiation, by the active solar thermal system and then, the system will be used partly to
cover the needs of the offices for domestic hot water, but mainly to contribute in heating demands
during winter season and cooling through adsorption during the summer.

The expected total useful heat produced by the solar system is estimated to 130,800 kWh per year,
which distributed to: (i) 9,600 kWh, for domestic hot water during the year; (ii) 45,000 kWh, for space
heating during the winter season; And (iii) 76,200 kWh, for cooling/air conditioning during the summer
season.

Taking into account the existing prices in electricity and natural gas and the total investment cost a
payback period of 7 years has been estimated.

Building integrated photovoltaic system is considered in the south-facing façade of the building. The
PV façade will consist of 5 separate structures, each installed symmetrically on every building floor,
starting from level 1 up to the roof of the building. The PV power will be 79.2 kWp. The investment was
estimated to 5 €/Wp. The photovoltaic modules will be integrated in the building façade as
architectural elements, substituting other materials such as marble or granite laminates for a surface
of about 325 m2. Moreover, photovoltaic modules for shadowing substituting other materials cover
another 325 m2 of surface. This cost is estimated to 195,000 € (325 m2 x 600 €/ m2), which results to
the additional cost the PV façade of 203,000 €. Taking into account the total energy produced by the
photovoltaic modules of 92,140 kWh/y, the lifetime of the system and the current interest rate, the
power generation cost is calculated to about 0.13 €/kWh, which is close to the existing tariffs.
Moreover, the O&M expenses are negligible and the production cost is considered stable for the
lifetime of the PV system with environmental benefits.

4. Use of photovoltaics for powering traffic lights and parking controls, as well as for illuminating
street lights, in the new municipal Traffic Education Park to be built in Maroussi.

The special design of the mast and the lighting device of the street lights, as well as the PV-design of
the traffic (signal) lights and the parking-control devices in the Traffic Education Park, were undertaken
by NETWORK.

The Maroussi traffic education park for future drivers will be equipped with road signal lights and
illumination. The power supply to all these lights, street lights and signal lights, by autonomous
photovoltaic systems is suggested. In this way the park will act for education, both for car driving and
for promoting RES applications.

Scope of the educational traffic park is to give the opportunity to young people and other civilians to
educate themselves under controlled simulated traffic conditions. Photovoltaic systems of low capacity
will be extensively used, instead the extension of the grid, as a reliable power supply source in almost
all energy requirements of the park, including signalling, lighting etc.

In total, 41 autonomous PV systems for powering the 10 traffic lights, 25 street lighting devices, 5
telephone boxes and 1 device for parking bills have an installed capacity of 33,680 Wp. The budget for
these PV systems for power supply to the relevant devices is estimated to 29,440 €. The extension of
the grid and power supply by underground installed cables to all these 41 devices for the operation of
the traffic park is four times higher. Therefore, the most attractive solution for the traffic education park
is the installation of the autonomous PV systems, both from the economic and environmental aspects.

5. PV-related interventions in the construction and operation of the light tram system, to be built
in Maroussi before the 2004 Olympics.

The MUNICIPALITY OF MAROUSSI, assisted by NETWORK, was responsible for the basic
technoeconomic design of the relevant RES interventions, including a central PV plant integrated in
the roof of a shelter, as well as dispersed PV plants integrated in the tram stations.
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A light tram of a reasonable network and line length to connect some important areas of the
Municipality, to cover some transportation needs inside the Municipality area during the Olympic
games, powered by solar energy is suggested. Photovoltaic systems integrated in the roof of shelters
in the start and finish points, as well as dispersed PV plants integrated in the tram stations can supply
with electricity the operation needs of the tram. The objective is to cover completely by solar energy
the power demand for the transportation services on a yearly basis. The tram will be powered from the
grid and the solar photovoltaic plants.

Taking into account the total weight of the vehicle at full capacity and the necessity for high torque at
starting procedure, a 90 kW nominal power DC electric motor in each wagon is required to provide
adequate thrust. The nominal voltage DC of this motor and the line is selected 460 V. The total array
nominal power is 2.7 kWp per wagon, it is foreseen to install 176.7 kWp with 1500 h/an, will supply
265.000 kWh per year. The total annual energy demand is estimated to 591 MWh. The remaining will
come from power grid.

In the future, additional photovoltaic modules can be installed to cover the total power demand for the
transportation load. The additional installed capacity of modules should be of about 220 kWp. The
photovoltaic modules will become part of the roofs and the shelters integrated in the overall
construction as architectural elements, substituting other materials with excellent aesthetic results.

6. Integration of RES technologies in the Maroussi Media Village for the 2004 Olympics. RES
interventions that were studied included: a) bioclimatic design (heating / cooling / lighting) of
residential and commercial buildings in the Village complex;  b) solar active heating for
domestic water and, possibly, solar active systems for space heating and cooling of the
buildings; c) photovoltaics.

Suggestions were made to the Athens Olympic Committee for adopting and extending these RES
interventions to the existing Olympic facilities adjacent to the Media Village, facilities that are under the
Committee’s sole jurisdiction (Olympic Stadium, Olympic Swimming Pool, etc.). BARCELONA
REGIONAL was responsible for undertaking the feasibility study / preliminary design of the above
RES-related interventions in the Maroussi Media Village.

The Media Village is composed of buildings for residential and tertiary uses. The total built space is
around 40.000 m2 for housing and 60.000 m2 of tertiary. Tertiary built space is concentrated in one
parcel, while the residential is distributed mainly in two parts, separated between them with the aprox.
350 m long car parking space. The urban design is previously defined, as well as the architecture of
the residential buildings.

In order to evaluate the feasibility of the use of Solar energy and Centralised heating and cooling
system some hypothesis on the energy demand have been established on the basis of the Building
design, Greek thermal norms, and the average consumption in existing buildings in Maroussi.

The total heating demand (space heating + DHW) sums up to 6.405 MWh/year, while the cooling one
is 6.143 MWh/year for all the new buildings foreseen for the Media Village. The tertiary part energy
demand is considerably greater. It has been calculated that installing solar DHW systems in residential
houses with the total active area of 794 m2 60% of the demand would be covered generating 72,9240
kWh/year. It has been check that this measure is compatible with the roof space availability and it is
highly recommended. There in no enough roof space for the solar systems for space heating.

Alternatively, the solar thermal collectors for DHW and space heating may be allocated over the
parking space, as a shadowing elements for the vehicles. This will correspond to the concept of semi-
centralized installations for groups of buildings. In this case solar collectors should be mounted in two
to three separated fields. Around 10-15 % of the space heating demand would be covered with solar
energy. This means to install 610 m2 for space heating.

The economical analysis has been made for small – one family – PV installation. If the necessary
economic conditions would be reached, the number of small installations may be multiplied up to 500
over the parking space. It means that physically 1,2 MW PV may be allocated over the parking space.


