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RESSET - Chapter 1: Collection and documentation of the input data and evaluation tools
required to carry out the study
1. Development and assessment of methodologies to improve local microclimate with the use of
RES techniques
1.1. Introduction
Microclimatic conditions in settlements play an important role on the energy consumption of buildings
while regulate outdoor comfort conditions. Microclimate in dense urban areas differs highly from the
corresponding conditions in rural areas, because of the more positive heat balance of cities. Thus,
temperature in urban areas increases compared to that of rural spaces. In parallel, the very dense
canopy of cities decreases wind penetration and reduces the potential for natural and night ventilation
of buildings, while creates specific microclimatic conditions in canyons. Finally, higher pollution
levels, and in particular the presence of aerosol in the atmosphere decreases solar radiation levels and
increases its diffuse part.
Microclimate around buildings regulates to a certain degree the energy consumption of buildings for
heating and cooling purposes. Higher urban temperatures increase the energy for cooling and decrease
the heat demand. Lower wind speeds in canyons, minimize the potential for natural ventilation and
night cooling. Decrease of solar access because of the deep canyons decrease the potential for passive
solar heating during winter and daylight penetration during the whole year.
Use of ambient and solar techniques to improve the microclimate of urban settlements has been gained
an increasing acceptance during the last years. In particular, the use of cool materials and of the green
spaces can highly contribute to decrease the ambient temperatures and thus the cooling load of urban
buildings. Design techniques to appropriately channel the air in canyons can enhance the potential for
natural and night ventilation. In parallel, the use of cool sinks like the ground and water can contribute
to cool our communities.
In the following chapters, the thermal balance of settlements as well as aspects related to the main
microclimate parameters in canyons are discusses. In parallel, the more important passive cooling and
heating techniques to improve he microclimate of buildings are presented.
1.2. Energy Balance of Settlements
The energy balance of the 'earth surface - ambient air', system in the urban environment is governed by
the energy gains, losses as well as the energy stored by the opaque elements and mainly buildings,
streets and other opaque components. In a general way:
Energy Gains = Energy Losses + Energy Storage
Energy gains involve the sum of the net radiative flux, Qr, both under the form of solar and long wave
radiation emitted by the opaque elements, (building, streets, etc), as well as the anthropogenic heat,
QT, related to transportation systems, power generation and other heat sources.
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Energy Losses are under the form of sensible, QE, or latent heat, QL, resulting from heat convection
between the opaque surfaces and the air as well evapotranspiration. Losses can also occur because of
the advective heat flux between the urban and the surrounding environment. Thus the energy balance of
the surface - air system can be written as :
Qr + QT =QE + QL + Qs + QA
where :
Qs is the stored energy while QA is the net energy transferred to or from the system through advection
under the form of sensible or latent heat. The advective term can be ignored in central urban areas
surrounded by an almost uniform building density, but may be imported in the boundaries between the
urban and the rural environment.
Thus, in order to improve thermal microclimate during the summer period, in warm climates, gains
have to be reduced while losses have to be increased. On the contrary, in cold climates, and in
particular during the winter period, gains have to be increased and losses have to be reduced.
In warm climates, reduction of the radiative flux, Qr , can be achieved by reduction of the stored solar
energy and increase of the emitted infrared radiation. This can be achieved by using materials for the
city structure, that are characterized by high albedo to solar radiation and high emittance. These
materials are known as ‘cool materials’ and when used contribute highly to reduce the radiative flux in
the city. Shading and solar control of surfaces contributes highly as well to reduce the radiation balance
in the city. Shading may be achieved either by natural means, i.e. vegetation, or by technical means.
Reduction of the anthropogenic heat, QT , emitted by cars and other heat sources may be also very
important in order to reduce the heat input to the city. Anthropogenic heat may be something between
20 to 160 W/m2, thus reduction of this may have a serious contribution.
Increase of the losses in the city may be achieved by the use of more vegetation that through
evapotranspiration contributes to increases losses and thus decrease the urban temperature. In parallel,
the use of environmental sinks, like the water and the ground that are characterized by a lower than the
ambient temperature may also contribute highly to improve urban microclimate.
1.3. Microclimate in Settlements
Microclimate in cities is characterized by a more positive heat balance than in rural areas. This
contributes to increase temperature in cities, especially during the hot season. This phenomenon is
known as heat island and is one of the more well documented climate change phenomena. Heat island
is characterized by the ‘heat island intensity’ which is defined as the maximum temperature difference
between the urban and the rural environment. Studies in many European, American and other cities,
have shown that heat island intensity may be as high as 14 C.
Increase of the urban temperature has important impacts on the energy consumption of buildings for air
conditioning while increase smog production, contribute to increased emission of pollutants from
power plants, including sulfur dioxide, carbon monoxide, nitrous oxides and suspended particulates. As
reported, (Akbari H. et al, 1992), for US cities with population larger than 100000 the peak electricity
load will increase 1.5 to 2 percent for every 1 F increase in temperature. Taking into account that urban
temperatures during summer afternoons in US have increased by 2 to 4 F during the last forty years, it
can be assumed that 3 to 8 percent of the current urban electricity demand is used to compensate for the
heat island effect alone. Comparisons of high ambient temperatures to utility loads for the Los Angeles
5

area have shown that an important correlation exists. It is found that the net rate of increase of the
electricity demand is almost 300 MW per F. Taking into account that there is a 5 F increase of the peak
temperature in Los Angeles since 1940, this is translated into an added electricity demand of 1.5 GW
due to the heat island effect. Similar correlation between temperatures and electricity demand have
been established for selected utility districts in USA. Based on the above rates of increase, it has been
calculated that for USA the electricity costs for summer heat island alone could be as much as $ 1
million per hour, or over $ 1 billion per year, (Akbari et al, 1992). Computer studies have shown for the
whole country the possible increase of the peak cooling electricity load due to the heat island effect
could range from 0.5 to 3 percent for each 1 F rise in temperature.
Heat island studies in Singapore reported by Tso, (1994), show a possible increase of the urban
temperature close to 1 C. According to the reports if there were to be similar changes in temperatures
50 years from now, the anticipated increase in building energy consumption, mainly in air
conditioning, is of the order of 33 GWh per annum for the whole island. Studies reported by Watanabe
et al, (1990/91), analyzing the land temperature distribution and the thermal environment of the Tokyo
metropolitan area have shown that a much higher energy consumption corresponds to the central Tokyo
area. Other studies on the Tokyo area reported by Ojima (1990/91), conclude that during the period
between 1965 to 1975, the cooling load of existing buildings has increased by 10 - 20 % on average
because of the heat island phenomenon. If it continues to increase at the same rate, it will make more
than a 50 % increment in 2000.
Calculations of the spatial cooling load distribution in the major Athens area, based on experimental
data from twenty stations have been reported by Santamouris, 2001. It is found that the cooling load of
reference buildings is about the double at the center of the city than in the surrounding Athens area. It is
also reported that high ambient temperatures increase peak electricity loads and put a serious strength
on the local utilities. Almost a double peak cooling load has been calculated for the central Athens area
than in the surroundings of the city. Finally, a very important decrease of the efficiency of conventional
air conditioners, because of the temperature increase, is reported. It is found that the minimum COP
values are lower to about 25 % in the central Athens obliging designers to increase the size of the
installed A/C systems and thus intensify peak electricity problems and energy consumption for cooling,
(Santamouris 2001).
The air flow patterns in urban areas and in particular in urban canyons is of high importance as it cool
the city, and clean pollutants, while defines the real potential for natural ventilation of urban buildings.
In all cases the wind speed in the canyon is a small fraction of the free stream wind velocity flowing
over the buildings. Measurements of wind speed in more than ten canyons in Athens during the
summer period have shown that the wind speed inside the canyon and close to the buildings was
between 10-25 % of the undisturbed wind speed. Studies aiming to investigate the potential of natural
ventilation in buildings located in dense building environments have shown that the potential is
seriously reduced when conventional sizing techniques are used, while there is an important fuzziness
on the wind and pressure data to be used as design inputs, (Geros et al, 1997). Results have shown that
the air flow in naturally ventilated buildings located in urban canyons is reduced up to ten times
compared to the air flow in non wind obstructed areas.
1.4. Use of Passive Cooling Techniques applied to Outdoor Spaces
Use of passive techniques to cool our communities involve mainly the use of cool materials to decrease
storage of solar heat into the cities fabric and increase infrared radiation losses, shading of outdoor
6

spaces, use of vegetation to increase losses through evapotranspiration and use of environmental heat
sinks like water and the ground for heat dissipation.
The optical characteristics of materials used in the outdoor facade of buildings or in streets and
pavements and especially the albedo to solar radiation and emissivity to long wave radiation have a
very important impact to the urban energy balance and the performance of buildings. Increase of the
surface albedo has a direct impact on the energy balance of a building. Large scale changes on urban
albedo may have important indirect effects on the city scale. Measurements of the of the indirect
energy savings from large scale changes in urban albedo are almost impossible. However, using
computer simulations the possible change of the urban climatic conditions can be evaluated. Taha et al
(1988), using one dimensional meteorological simulations have shown that localized afternoon air
temperatures on summer days can be lowered by us much as 4 C by changing the surface albedo from
0.25 to 0.40 in a typical mid - latitude warm climate. Taha, (1994), using three - dimensional mesoscale
simulations of the effects of large scale albedo increases in Los Angeles has shown than an average
decrease of 2 C and up to 4 C may be possible by increasing the albedo by 0.13 in urbanized areas.
Further studies, by Akbari et al, (1992), have shown that a temperature decrease of this magnitude
could reduce electricity load from air conditioning by 10 %. Recent measurements in white Sands New
Mexico have indicated a similar relationship between naturally occurring albedo variations and
measured ambient air temperatures.
Shading of urban areas either by natural means, vegetation, or artificial shading, contribute to decrease
the surface temperatures and provide comfort. Shading from trees contribute to decrease significantly
energy for cooling. Shaded surfaces present a much lower temperature and thus decrease heat
convection rate to the urban areas and building interior. However, the presence of vegetation may
decrease the radiation exchange of the wall with the sky and thus contribute, especially during night, to
a higher temperature of the wall. Simulation studies using limited numbers of buildings and tree
configurations for cities across the US indicate that shade from a single well placed, mature tree of
about 8 m crown diameter, can reduce annual air conditioning use 2 to 8 % and peak cooling demand 2
to 10 %, (Huang et al 1987).
Akbari et al, (1992), present the results of computer simulations aiming to study the combined effect of
shading and evapotranspiration of vegetation on the energy use of typical one story buildings in various
US cities. It is found that by adding one tree per house, the cooling energy savings range from 12 to 24
%, while adding three trees per house can reduce the cooling load between 17 to 57 percent. According
to this study, the direct effects of shading account for only 10 to 35 % of the total cooling energy
savings. The remaining savings result from temperatures lowered by evapotranspiration.
McPherson, 1991, reported the results of the economical results of the Trees for Tucson / Global Releaf
reforestation program. This program proposes planting of 500000 trees during a period of five years. A
full economic analysis has been carried out accounting all major costs and benefits associated with the
program. Projected net benefits are $236.5 million for the 40-year planning horizon.
The use of cool sinks and mainly water and ground to dissipate the excess urban heat may be very
beneficiary for cities. Use of fountains and pools as well as of earth to air heat exchangers have been
used extensively in the Seville Expo 92. Important temperature and comfort benefits have been
identified.
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2. Passive solar heating and cooling and advanced glazing materials
2.1. Introduction
All non-nuclear energy sources used by man are ultimately powered by the sun. This includes not only
direct sunlight, but also wind energy, biomass and fossil fuels such as coal and oil. The sun is the big
generator that drives our planet.
Some energy sources are considered renewable. All renewable energy source (RES) can be used
without depleting their reserves. These sources include solar energy and sunlight. Other, secondary
renewable energy sources are wind, wave, biomass and hydro energy. These later sources are indirectly
derived from solar energy. Biomass refers to any recently produced organic matter. If the organic
matter was produced sustainably then it is considered to be a renewable energy resource.
Renewable energy sources can be harnessed in variety of ways. In this document, only solar energy is
considered. Moreover than that, only technologies that are part of the building envelope will be
discussed. The building envelope is that part of the building that serves as an interface between the
interior space and the exterior environments. It includes the foundation, the walls, and the roof
assembly. The building envelope plays a critical role in solar gain management, thermal load control,
air infiltration and exfiltration, ventilation, moisture management, fenestration support, noise control,
air-quality management, and aesthetic definition.
A last restriction to the systems under considerations is that the systems can be implemented in newbuilt settlements. This excludes installations that are either too large or too expensive to be affordable
in dwellings.
2.2. Building-integrated PV
Photovoltaics are semiconductor devices that convert solar radiation into electrical energy. The word
photovoltaic derives from the words "photo" which means light (Greek for light is "phos"), and "volt",
the fundamental unit of electrical energy potential. Therefore, "photovoltaic" literally means "lightelectricity". The cell is usually silicon with trace amounts of boron and phosphorus. Because PV
systems are made from a few, relatively simple components and materials, the maintenance costs of PV
systems are low.
The PV output is best matched to the load, but it can also be stored in batteries or sent to the electrical
grid. Whenever possible, the peak generation of PV-electricity should coincides with the peak load
withing the building's energy consumption. PV systems, in particular grid-connected ones are often
integrated into building elements.
From the point of view of an architect, a PV module is a covering material comparable in cost to other
construction materials. The reduction in utility costs can offset the extra costs of using PV modules as a
construction material.
PV elements can be fabricated in different forms. They can be used on or integrated into roofs and
facades as part of the outer building cladding, or they can be used as part of a window, skylight or
shading device. PV laminates provide long-lasting weather protection. Their expected life span is in
excess of 30 years. Warranties are currently available for a 20-year period.
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2.3. Passive solar systems
Passive solar building design is the most cost-effective and sensible form of harnessing the sun's
energy. The idea is to design the building so it can take advantage of the natural sunlight for heating in
winter and to block sunlight for cooling in the summer.
Passive solar design is centered around three basic principles:
- Solar gain
- Thermal mass
- Insulation.
The penetration of sunlight into the interior of the building not only provides light but also near
infrared radiation (heat). The solar gain must be maximised in cold climates and in winter for temperate
climates in order for the solar energy to be useable for space heating. In hot climates however, and
during the summer in temperate climates, the sun is kept out of the building to minimise the heat gains.
Where the sunlight hits the floor, walls or an object, it is absorbed by it. This will in effect heat up the
body. Because its surface is warmer than the surrounding air, it gives off far IR radiation (heat). The
higher the thermal mass of the building, the more heat it can store. It will act as a buffer, resulting in
lower than ambient temperatures during the day and higher ones during the night. With a passive solar
building, it is important to have enough thick masonry or concrete surfaces to store the energy from
sunlight to keep the home warm at night, and to prevent it from overheating during the day.
A good insulation is required to keep the heat in during the winter, and to keep the heat out during the
summer. The better the insulation, the less heat is transferred through the fabric or the openings of the
building such as the windows.
The key to getting solar gain at the right time (winter), and not at the wrong time (summer) is to take
advantage of the fact that the path taken by the winter sun is much lower in the southern sky than the
path taken by the summer sun.
2.4. Passive solar heating
Direct gain
Direct gain is the simplest and often most effective form of solar heating. The system consists primarily
of large south-facing windows that allow low-angle winter sun in while overhangs and other shading
devices block high-angle sun during the summer. The thermal mass necessary to store the heat is
provided by the walls and floor of the space. Because no special construction is required, direct gain
heating can often be provided at no additional construction cost.
Sunspaces
Conservatories or sunspaces consisy of a glazed space that is attached to the south side of a building.
The are just like greenhouses, except that they are directly connected to the building, sharing one wall
9

or opening with it. The idea of having sunspaces is to preheat the air in the sunspace through direct
solar gain and to allow it to circulate into the building, thus providing warm air to the adjacing rooms.
Trombe walls
Unlike the normal direct gain system that stores the heat in the floor and adjacent walls, a Trombe wall
is a south-facing wall that has a glazed external surface which reduces the heat loss to the outside. At
the top and bottom of the Trombe walls are ventilation openings which allow heated air to circulate and
warm the interior space.
2.5. Passive solar cooling
Solar chimneys
For natural cooling of buildings, cool air is drawn from the outside through opening in the north facade.
To create a driving force, solar chimneys can be used. Those extensions to the building act the
chimneys we all know from fireplaces, except the driving force is generated by the sun. A south-facing
part of the chimney is made from a transparent material. As the sun shines onto the inner side of the
opposite surface, it heats the air in the chimney. This in turns creates a buoyancy effect that creates and
upward movement of the air which drives the air movement through the building.
The affect we get by allowing air from the north side into the building is twofold. On the one hand side,
this air is cooler than the air inside the building because the north facade lies in the shade. On the other
hand, the higher the air movement the lower the temperature felt by the occupants.
2.6. Advanced glazing materials
A lot of progress has been made with glazing and windows over the last years. Manufacturers were
able to significantly reduce the heat loss through windows. Special coatings can be applied to the pane
which can also result in a number of interesting properties. Mostly they are used for improving the
thermal insulation of the unit.
Some technologies that are used include: spectrally selective glazing, switchable glazing, warm-edged
windows, low-conductivity window frames and inert-gas window fill. Products using such advanced
technologies are sometimes called high-performance windows.
Although multi-layered windows an windows with special coatings also result in a lower transmission
to daylight, this is more than compensated by the much improved thermal insulation.
2.7. Evaluation tools
Thermal simulation is a subject which requires a lot of expertise and a good understanding of building
physics. There are two categories of tools which can simulate the thermal behaviour of buildings and
their energy performance.
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Simple interface-driven tools can be used to get a rough idea of the expected building performance.
Often, they are linked to some kind of rating system. Tools in this category don't require much
experience nor an understanding of buildings since all they require from the operator is to fill in forms
and tick boxes. Because of this, the results must be seen as no more than a gross estimation of the
performance of a real building under real conditions. Examples of such tools include:
- Summer2
- NHER
- Seri-Res
More complex tools are a lot more difficult to use and oftentimes require a great deal of expertise from
the operator. Such complicated software often uses text files as input, and if there are graphical user
interfaces, they can be rather crude. Owing to the complexity of the problem, a lot more input is
required, and the modelling of the szenario can take significantly longer. The following tools fall under
this category:
- ESP-r
- Transis
- Apache
2.8. Evaluation of calculation and design tools in energy efficient housing
There is a plethora of calculation and design tools for the evaluation of energy and comfort
performance of housing in use throughout Europe. These include methods used by engineering
professionals, academic researchers and student or architect design tools. Methods are available either
free or at low cost from government or government sponsored institutions in many countries,
universities, commercially or produced in house by some engineering companies. Most do not
currently calculate the behaviour of renewable energy technologies, apart from direct gain, sunspaces
(some) and water solar collectors.
The range of methods can be roughly classified by type:
a) Steady state or simple design tools
b) Simulation methods
c) Component simulation methods
In the first stage of the project we will set up to simply identify the tools available, their scope and
availability and review the criteria to be used for their evaluation. In the second stage we will actually
review their scope, performance and limitations. We will also consider the different criteria to be used
in different climates. Finally we will agree a range of methods to be used as a common methodology
for evaluation of renewable energies in building facades between the partners.
Simple tools/steady state methods
a) Steady state methods. These are methods based on a steady state calculation with degree days,
possibly originally developed for boiler/radiator calculations, [particularly in cold/moderate climate)
For example :
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UK: BREDEM (Building Research Establishment Domestic Energy Model) family includes Standard
Assessment Procedure (SAP) official government method for establishing energy use, price, and CO2
emissions in housing. Also National Home Energy rating (a commercial version of BREDEM which
also evaluates cost in use, condensation and includes a U value calculator). All of these also model the
heating and hot water system and its controls and employ seasonal efficiency values derived from the
national accreditation scheme SEDBUK.
Esicheck: originally developed by the UK Electricity Association, now owned by BRE uses heating
and cooling degree days and a range of efficiency figures for common mechanical systems to predict
annual energy use.
UK: Admittance method (BRE and CIBSE) and commercial methods (Hevacomp and CEMAT) based
on it: Use a steady state model of heat and solar gains and losses to calculate peak internal summer
temperatures on a 24 hour basis.
France: government method
b) Simple design tools are methods which may be based on a more complex simulation program but
where the results for generic problems are tabulated as graphical methods, computer spreadsheets etc
LT method, for housing LT: a graphical design tool, based on previous simulation.
Simos Yannis SERI-RESS charts for passive solar houses
2.9. Simulation methods
Simulation methods employ weather data (either from a weather tape or generated internally) on an
hourly basis to calculate heat and or ventilation flows through a building. They therefore generally
require greater computing power and complexity of operation than steady state methods. However
many only model the building fabric to predict heating and cooling loads and internal temperatures, and
not the operation of the buildings' heating, cooling and ventilation system. However, unlike most
steady state methods they do model the thermal inertia of the building.
a) Simple or easy to use
COMFIE (French, Armines Ecole de Mines), low cost
CLA (CIEMAT) Spain
S3PAS (CIEMAT) Spain
TAS (UK) models heat and ventilation flows using a simple graphical user interface (GUI) to predict
heating and cooling loads and temperatures-Commercial and standard professional program.
IES (UK) a family of computational methods for thermal, ventilation, radiation used for plant sizing,
energy load, temperature and comfort calculations.
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b) Complex
ESP-r: a research based program available at no cost.
Energy+ based on DOE2 and BLAST: the LBLL, US Department of Energy programme available at
low cost
3. Active Solar Systems
3.1. Water based – air based systems
Active solar systems can be separated in two mayor groups, depending on the media used for the
transport of heat;
- water based systems, where water (or other liquid media) is used for the transportation of heat from
the solar collector to the storage. Since most active solar systems are used for the heating of water,
water based systems is by far the most used system type.
Fig. 1
A new villa in
UK, with a small
water based
solar collector
for DHW heating

- Air based systems, where air is the heat transfer media. Air based systems are mostly used for space
heating, pre heating of fresh air or other appliances for the heating of air, such as crop drying etc.

Fig. 2
Solar air collectors on
the south facade
preheats the incoming fresh
air of this house in
Portsmouth

3.2. Water based systems
3.2.1. Large central systems
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Large groups of houses and part of cities can be connected to a community solar heating plant. The
solar collectors can be located to a field or to buildings within the heating area.
If connected to a community district heating system, the district heating network can be used for
storing the solar heated water.
The advantages of large systems are;
- existing infra structure can be used (pipes and heating installations)
- low solar collector prices due to large number (mass production)
- large storage capacity leads to good utilization.
On the other hand, large systems are;
- complicated to build
- requires asset to land
- big investments and big decisions
Large community solar plants are most frequent in the Scandinavian countries where district heating
systems are more common than in Southern Europe. This kind of systems is today the most effective
water based system.
Fig. 3
In the city of Kungalv, Sweden, the largest collector field,
10 000 sqm of solar water
collectors are used for heating of part of the city

Fig. 4
This solar collector field in Marstal, Denmark, built in
1996, is heating an exixting housing area using a 2000 m3
water storage

Large solar heating systems are found in Northern Europe.
A list of large scale solar heating systems can be found at "European Large-Scale Solar Heating
Network" http://www.hvac.chalmers.se/cshp/Network.htm#gr
3.2.2. Medium size central systems
Medium size systems are often used for solar heating of small groups of buildings or individual large
building (i.e. multifamily hoses). The solar water collectors are connected to in a central system, often
including central heat storage and the solar heated water is distributed to the households.
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Solar collectors are mostly located to the south facing roofs or facades of one or a few of the buildings,
depending on accessibility and orientation. The solar system is used, either for space heating, DHW
heating or both. DHW solar heating is often used because of low costs and long heating periods.
In retrofit rebuilding projects, it is often possible to use the existing distribution system, which will
keep the costs at an acceptable level.
Fig. 5
A medum size DHW solar
system comprising roof
mounted solar collectors
placed on a new appartment
building in Sitges, Spain.

Fig. 6
In the Housing area of
Gardsten, Sweden, 3 large,
prefabridated solarcollectors
of tot. 705 m2 are used for the
preheating of DHWof 255 flats.

Fig. 7
In Rostock, Germany, a system
including 1000 m2 collectors and
a 20000 m3storage tank is used for
heating of this housing area.

3.2.3. Small size building systems
Small size systems are used for solar heating of individual buildings. One very popular system in
Northern Europe, called “the solar heating triple system” consists of one solar collector (approx 8 m2),
one storage tank (approx. 1 m3) and one small wood burner which are connected to a small system.
The solar system and the wood stove use the same storage, leading to reasonable costs.
Other systems are used for only the heating of DHW (domestic hot water), either directly or in
combination with a small storage tank. In southern Europe the solar collector and the storage tank is
often built together I one unit, which is placed on the roof. If the storage is located at a higher level
than the collector, the system will work by self circulation.
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Fig. 8
Vacuum tube solar collectors
placed on a terraced house
in Great Britain

Fig. 9
Flat plate solar water
collectors for solar DHW
on row-houses in Sweden

Fig. 10
The pictures below illustrates small solar water heaters on a roof in Athens

3.3. Air based systems
Air based systems (often called solar air systems) use air instead of water as transfer medium. In most
solar air systems, solar radiation is captured in a solar air collector, where the heat is transferred from
the absorber plate and transported mechanically, by fans. The solar heat is often stored in the building
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structure or used directly for preheating of ventilation air. Dending on the system design, solar air
systems can be divided into open and closed systems.
Open systems
In open systems, the outdoor and indoor air is directly connected, using the solar collector for the
preheating of fresh air to the building. The heat is used directly, mostly with no storage. Size of the
systems varies from small week-end house units to very large systems for industries and high rise
buildings. One very cost efficient application is the unglazed, perforated solar collector where the air is
forced through a number of small holes in the absorber plate.
Fig. 11
An unglazed, perforated
solar collector (open
system) is used for the
preheating of ventilation
air in a research
building in Ispra, Italy
Closed systems
In closed systems, the solar heated air is forced through a closed circuit, using the air for the
distribution of heat from the solar collector to the storage, which is often a thermal mass building part.
These systems have high degree of building integration.
Fig. 12
This renovated multifamilyhouse in
Goteborg, Sweden is heated by a closed
double envelope solar air system,
where the solar heat is distributed and
stored through an air space within the
building envelope.

A comprehensive study on solar air systems (engineering and case studies) has been carried out within
the IEA – Task 19 project “Solar Air Systems”. Reports (Design Hand Book and Case Studies) can be
found at James & James, http://www.jxj.com/catofpub/solar_air_systems_series.html
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4. Aspects related to demand side management and district heating and cooling for the energy
efficient design of settlements. Contribution by WIP
4.1. Introduction
Energy efficient design of settlements involves many actions related to the microclimate of the area, the
design of buildings and the energy supply systems. The present chapter deals with the later and in
particular with the district energy supply systems as well as with the demand side management
techniques.
District energy systems have gained an increasing acceptance during the last years. These systems
present important advantages and are very environmental friendly especially when renewable energy
sources are used as a fuel.
Demand side management techniques may be the more appropriate tools to reduce the peak and total
energy demand, especially for cooling purposes. During the recent years, some forms of demand side
management techniques have been extensively used by the European utilities.
The following chapters discuss the main aspects of district energy systems as well as the main demand
side management techniques.
4.2. District Heating and Cooling
District heating and cooling systems are composed by three main elements: the energy production unit,
the distribution system and the consumption network, Figure 13. ifferent sources of energy may be
used to supply the district energy system including renewables and waste heating. Produced energy
may supply the residential sector, industry, agriculture, and any other sector requiring hot or cold
water, Figure 14.
Energy sources used for district energy may involve oil, electricity, natural gas, renewables as well as
cogeneration. The breakdown of the energy sources used during the very last years are shown in Figure
15. As shown, the share attributed to renewable sources increases constantly.
District heating installations are constantly increasing in Europe. In many European countries the
potential for district heating systems is very high, while the number of settlements supplied by district
heating networks is continuously increasing. As an example Figure 16, shows the existing situation as
well as the potential for district heating systems in Germany, while Figure 17 shows the corresponding
data for Sweden..
District cooling systems has mainly developed in the United Sates and present a number of very
important advantages. The more important advantage has to do with the dramatic decrease of peak
electricity load. A good example is given in Figure 18, where the reduction of the peak electricity load
in Cleveland is shown prior and after the integration of a district cooling system in the city.
District energy systems are very efficient as operate at high efficiencies, can increase effective building
space, decrease operational , maintenance and capital cost of the user, and can improve indoor air
quality as do not generate any chemical or biological pollution in the building. In parallel, district
19

heating and cooling techniques when operated by Municipalities and Community authorities may be
the source of important of revenues for the local society.
District heating and cooling systems present some disadvantages as well. They are characterized by
high capital cost. Fixed cost represents almost 80 % of the cost of delivered energy form district
cooling systems and thus high interest rates may prevent the systems to provide low price energy
services. Also, they need several years of construction before their operation and require major works
on the city level. Thus, district energy may face a very important increase in the future if appropriate
institutional and financial policies are followed. Figure 19 summarizes the expectations for the future
growth of district energy systems in US if different policies are followed.
The expected energy benefits and gains from the use of district heating and cooling systems are very
high. Tables 1-2 show the expected energy gains in US when cogeneration district systems are used.

20

Fig. 13
Main Components of a District Energy Network

Fig. 14
Energy Production Units and Supply Network

Fig. 15
Distribution of Heat Consumption
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Fig. 16
Major potentiale
for district heating
in West Germany

Fig. 17
1980 forecast for district beating development
in Sweden
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Fig. 18

Fig. 19

4.3. Demand Side Management
Regarding Demand Side Management six types of actions can be identified :
DSM1. Use of more energy efficient air conditioners, that implies better performance and better design
and integration to the building. Because of the temperature increase air conditioners have a longer duty
cycle, which means that the payback time can be shorter than in other cases.
DSM2. Application of advanced control systems like inverters, fuzzy logic in order to take into
account the operational profiles of urban buildings, like the highly intermittent occupation of residential
and commercial buildings in urban areas.
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DSM3. Direct load control like remote cycling, by the utilities on the cooling usage as on other usage.
This techniques is widely applied during peak periods on a few millions of appliances room air
conditioners in the US. By limiting the available duty cycle during peak periods, utilities can reduce
significantly the peak demand. Attention has to be given on consumers comfort.
DSM4. Improvements on the building design to decrease their cooling load. This may involve actions
on heat and solar protection, heat modulation and dissipation of excess heat in a lower temperature
environmental sink.
DSM5. Use of cogeneration techniques. This type of distributed generation of electricity + possibly
cold/hot water or steam can reduce peak transportation costs and use of fuel.
DSM6. Use of district heating and cooling techniques as explained above
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RESET CHAPTER 2: Development and assessment of methodologies to improve local
microclimate with the use of RES techniques

1. Introduction
The present chapter aims to discuss the main microclimatic issues related to the design of new
settlements. Aspects related to the topography and the corresponding climatic change are
investigated. The main climatic considerations to be taken into account during design of new
settlements are discussed. Specific emphasis is given to the urbanization problems. The main
environmental problems of developed and less developed nations are presented. Aspects related to
the thermal degradation of cities, housing, energy, indoor quality and the necessary infrastructures
are presented. The main issues related to the urban microclimate are identified. Finally, the chapter
provides and discuss solutions to improve local microclimate.
2. Topography as a Climate Modifier
Topography determines the local climate. The local energy budget determines the temperature regime ,
while it may modify the air flow. Every land receives solar radiation that may differ as a function of
latitude, azimuth, tilt, shading and altitude. In parallel, convective losses or gains may change as a
function of the wind speed and wind temperature. Radiative gains or losses vary as a function of the
site layout and surface cover.
Temperature varies mainly as a function of altitude. Mountains and plateaux are characterized by lower
temperature than low lands. Because of the higher density of cold air and the corresponding downward
flow, valley slopes present lower temperatures.
Solar radiation during the winter period gets its maximum in sloped south oriented surfaces. On the
contrary, during summer, they receive lower solar radiation amount than a horizontal surface.
Topography influences highly the wind speed and direction. Wind is moving from areas of high to
areas of low pressure. Mountains and hills act as obstacles to the wind flow and divert the wind
pattern. Thus, higher wind speeds are observed in the windward part and less in the leeward façade.
Mountains are also create local winds. During the day time the air is heated up and moves upward the
mountain slopes while during night the air is cooled and moves downward.
Similar but adverse wind patterns are observed close to water fronts. During the day the air is more
warm over the land and this result in a sea breeze from the sea to the land. At night the air flow
reverses.
3. Urbanisation and Related Problems
The planet’s population is increasing rapidly. More than 80 million of people are added every year, and
while the total world population was in 1987 close to 5 billion, it has pass six billion in 2000 and
according to the United Nations will continue to grow until the middle of the next century, (1)
Most of the population growth is in cities. Urban population is growing much faster than the rural one;
almost 80 per cent of the world’s population growth between 1990-2010 will be in urban areas and
most probably will be in Africa, Asia and Latin America, (2). This means simply, that there is a
25

current addition of 60 million of urban citizens a year, and as mentioned in (3), ‘is the equivalent of
adding another Paris, Beijing or Cairo every other month’.
In fact, at the beginning of the last century, just one tenth of the world population, 160 millions, were
city dwellers, (4), while in 1950 it has just passed 200 million. In contrast, just after the change of the
century, half of the world’s population lives in cities, a 20-fold increase, (4). Statistics show that the
real boom of urbanisation happened in the 90’s. During the last decade of the century, urban population
has grown from 2 to 3 billion, an increase rate of about 50 %, (5). Future scenarios for the next 15
years, predict a growth rate of about 2 % per year, (6), while UN projects, indicate that 61 % of the
world’s population or about 5.1 billion people will live in cities by 2025, i.e. an increase of 70 % in the
first quarter of the century, (7,8,9). Table 1, reports on the urbanisation trends in the major areas of the
planet, (2).
Region

1950

1965

1980

1995

2010

Urban Population (million of inhabitants)

Africa

33

66

130

251

458

Asia

244

426

706

1192

1816

133

233

350

463

559

685

781

849

Latin
America
Caribbean

and

Rest of the World

the 69
404

Percentage of population living in urban areas
Africa

14.6

20.7

27.3

34.9

43.6

Asia

17.4

22.4

26.7

34.7

43.6

the 41.4

53.4

64.9

73.4

78.6

55.3

64.1

70.5

74.2

78.0

Latin
America
Caribbean
Rest of the World

and

Table 1: Trends and projections in urban populations by regions 1950-2010, (2)
In Europe, the level of urbanisation is close to 75 %, while between 1980-1995 the urban population
increased by 9 %. According to (10), in Europe, 2 per cent of agricultural land is lost to urbanisation
every ten years. Hahn and Simonis, (11), report that during the last century, the surface of urban land
per capita in Europe has increased ten times.. The expected annual growth for the next fifteen years, is
close to 0.3 % and it is expected that our continent will stabilize at a level of urbanisation close to 82
%, (12)
In fact, urbanisation occurs mainly in Africa, Asia and Latin American countries as a result of the
increased opportunities and services offered in cities, (Figure 1). Fifteen years a go urban growth rate in
these areas of the planet was close to 3.8 %, almost four times higher that of the developed countries,
(0.8%), (10). Urbanisation rates of less developed nations are quite striking as between 1975 to 2000
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1.2 billion people have move to cities while for the next 30 years it is expected that more than 2 billion
people will become city dwellers. Intensification of agriculture that decreases job opportunities in the
country, local conflicts, relative increase of the rural population, exhaustion of natural resources, land
degradation, as well as increased opportunities for jobs, education and health care in cities, are the main
driving forces of urbanisation in less developed countries.
As a result of the rapid urban growth, important environmental, social, political, economic,
institutional, demographic and cultural problems have appeared Poverty, environmental degradation,
lack of sanitary and other urban services, lack of access to land and adequate shelters are among the
more serious ones.
As a result of the rapid urbanisation, the size of the world’s urban agglomerations has grown
dramatically. As mentioned by the United Nations, (13), our planet host 19 cities with 10 million or
more people, 22 cities with 5-10 million people, 370 cities with 1-5 million people and 433 cities with
0.5 to 1 million people.
To demonstrate the dramatic growth of the city’s size it has to be mentioned that over the last 200
years, the average size of the 100 largest cities has been increased from 200000 inhabitants to about 5
millions, (14). Recent data and future predictions show that by 2015, there will be around 560 cities
with more than 1 million people, (9), while the number of mega cities, cities with a population
exceeding 8 million, has been increased from 2 in 1950, London and New York, to 21 in 1990, 16 of
them in less developed countries, while in 2015 there are expected to be 33, 27 in the developing
world, (15-17). In parallel, it is expected that by 2015 there will be 71 cities with more than 5 million
people where it is expected to live almost the 17 % of the urban citizens, (8).
In fact, Table 2, most of the urban growth occurs and will continue to occur in less developed countries
where it is projected to exist 114 cities of over 4 millions people by 2025, up from 35 cities in 1980.
However, it has to be pointed out that most of the urban population, in less developed countries, live in
cities with less than a million citizens, while almost 50 % of the urban population lives in cities with
less than 100000 inhabitants, (14). As it concerns, Europe, it should be mentioned that half of the
population lives in towns of 1000 to 50000 people, 25 % in medium towns of 50000 to 250000 citizens
and the rest 25 % in cities with more than 250000 people.
Region

1800

1900

1950

1990

Africa

--------

-------

2

27

Asia

1

4

26

126

the 0

0

7

38

13

45

102

Number of Million Cities

Latin
America
Caribbean

and

Rest of the World

1

Number of the World 100 largest cities
Africa

4

2

3

6

Asia

64

22

32

44

5

8

16

Latin
America
Caribbean

and

the 3

27

Rest of the World

29

71

57

34

2.1 millions

5.3 millions

Average Size of the World’s 100 largest cities for different years
Number of Inhabitants

187000

724000

Table 2 : The Distribution of large cities by region, 1950-1990, (7)
2. Main Environmental Problems in Cities of Developed Countries
2.1 Over Consumption of Resources
Over-consumption of resources in cities of the developed world is well shown when the ecological
footprint of cities is calculated and compared between cities. The ecological footprint of a population
group ‘is the area of land and water required to produce the resources consumed, and to assimilate the
wastes generated by the population on a continuous basis, wherever on Earth that land is located’, (5).
Calculations have shown that there are only 1.5 ha of ecologically productive land and about 0.5 ha or
truly productive ocean for every person on Earth, (18 ). However, the eco-footprints of average
residents of high income countries range as high as five and six hectares per capita, (19-20), Other
analyses calculate the eco-footprint of wealthy countries up to 10 hectares per capita while people in
the less developed countries have footprints of less than one hectare, (21,22).
A recent British study has estimated that the ecological footprint of London for CO2 assimilation, food
and forest products. is close to 120 times larger than the city's area or about nine-tenths the area of the
entire country, (23). Ecological footprint estimations for Canada, have shown that in the Toronto,
Canada, region, (24) the per capita ecological footprint is close to 7.6 ha./person. Given that Toronto
hosts 2,385,000 residents, the aggregate eco footprint is 18,126,000 ha, an area 288 times larger than
the city's political area (b3,000 ha). In a similar way, it is calculated that Vancouver, Canada, (22), the
eco-footprint of the city is 3634000 ha, or 319 times its nominal area. In an other study using regionspecific data of the 29 largest cities of Baltic Europe, (25), it is calculated that an area of forest,
agricultural, marine, and wetland ecosystems 565 to 1,130 times larger than the area of the cities
themselves is required. Concluding the analysis on eco-footprint it must be pointed out that as shown
in (20), the resources of the equivalent of three planet earths, are required, if the world's current
population continues to live at the OECD average of today, (15). In parallel, as stated in (18), ‘to raise
the present world population to Canadian material standards using prevailing technologies would
require nearly four Earth-like planets’.
2.2 Thermal Degradation of Cities
Increasing urbanization has deteriorated the urban environment. Deficiencies in development control
have important consequences on the urban climate and the environmental efficiency of buildings. The
size of housing plots has been reduced increasing thus densities.. Increasing number of buildings has
crowded out vegetation and trees. As reported, New York has lost 175000 trees, or 20 % of its urban
forest in the last ten years, (26).
As a consequence of heat balance, air temperatures in densely built urban are higher than the
temperatures of the surrounding rural country. The phenomenon known as ‘heat island’, is due to many
factors the more important of which are summarized in (27), and deal with : a) the canyon radiative
geometry that contributes to decrease the long wave radiation loss from within street canyon due to the
complex exchange between buildings and the screening of the skyline, b) the thermal properties of
materials that increase storage of sensible heat in the fabric of the city, c) the anthropogenic heat
released from combustion of fuels and animal metabolism, d) the urban greenhouse, that contributes to
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increase the incoming long wave radiation from the polluted and warmer urban atmosphere, e) the
canyon radiative geometry decreasing the effective albedo of the system because of the multiple
reflection of short wave radiation between the canyon surfaces, f) the reduction of evaporating surfaces
in the city putting more energy into sensible and less into latent heat, and g) the reduced turbulent
transfer of heat from within streets.
Urban heat island studies refer usually to the ‘urban heat island intensity’, which is the maximum
temperature difference between the city and the surrounding area. Data compiled by various sources,
(28), shows that heat island intensity can be as high as 15 C. Extensive studies on the heat island
intensity in Athens involving more than 30 urban stations show that urban stations present higher
temperatures compared to reference suburban stations between 5 to 15 C.
Heat Island data in some North American cities are reported in (26). The importance of temperature
increase becomes more apparent when the cooling degree-days corresponding to urban and rural
stations are compared.. In, (29), the increase of the cooling and heating degree-days due to urbanization
and heat island effects for selected North American locations, is given Tables 3-4. As shown, the
difference of the cooling degree-days can be as high as 92 percent, while the minimum difference is
close to 10 per cent. Regarding the heating degree-days the maximum difference is close to 32 percent
while the minimum one is close to 6 percent. Increase of the cooling degree-days has a tremendous
impact on the energy consumption of buildings for cooling.
Location

Urban

Airport

Difference (%)

Los Angeles

368

191

92

Washington DC

440

361

21

St. Louis

510

459

11

New York

333

268

24

Baltimore

464

344

35

Seattle

111

72

54

Detroit

416

366

14

Chicago

463

372

24

Denver

416

350

19

Table 3 : Increase of the cooling degree days due to urbanization and heat island effects.
Averages for selected locations for the period 1941-1970.
Location

Urban

Airport

Difference (%)

Los Angeles

384

562

-32

Washington DC

1300

1370

-6

St. Louis

1384

1466

-6

New York

1496

1600

-7

Baltimore

1266

1459

-14

Seattle

2493

2881

-13
29

Detroit

3460

3556

-3

Chicago

3371

3609

-7

Denver

3058

3342

-8

Table 4 : Increase of the heating degree-days due to urbanization and heat island effects.
Averages for selected locations for the period 1941-1970.
Higher urban temperatures have a serious impact on the electricity demand for air conditioning of
buildings; increase smog production, while contributing to increased emission of pollutants from power
plants, including sulphur dioxide, carbon monoxide, nitrous oxides and suspended particulates. Heat
island effect in warm to hot climates exacerbates cooling energy use in summer. As reported, (26), for
US cities with population larger than 100000 the peak electricity load will increase 1.5 to 2 percent for
every 1 F increase in temperature. Taking into account that urban temperatures during summer
afternoons in US have increased by 2 to 4 F during the last forty years, it can be assumed that 3 to 8
percent of the current urban electricity demand is used to compensate for the heat island effect alone.
Comparisons of high ambient temperatures to utility loads for the Los Angeles area have shown that an
important correlation exists. It is found that the net rate of increase of the electricity demand is almost
300 MW per F. Taking into account that there is a 5 F increase of the peak temperature in Los Angeles
since 1940, this is translated into an added electricity demand of 1.5 GW due to the heat island effect.
Similar correlation between temperatures and electricity demand has been established for selected
utility districts in USA. Based on the above rates of increase, it has been calculated that for USA the
electricity costs for summer heat island alone could be as much as $ 1 million per hour, or over $ 1
billion per year, (26). Computer studies have shown for the whole country the possible increase of the
peak cooling electricity load due to the heat island effect could range from 0.5 to 3 percent for each 1 F
rise in temperature.
Studies on the Tokyo area reported in (30), conclude that during the period between 1965 to 1975, the
cooling load of existing buildings has increased by 10 - 20 % on average because of the heat island
phenomenon. It is concluded, that if it continued to increase at the same rate, it had to make more than
a 50 % increment in 2000.
Calculations of the spatial cooling load distribution in the major Athens area, based on experimental
data from twenty stations has been reported in (31), Figure 2. It is found that the cooling load of
reference buildings is about the double at the centre of the city than in the surrounding Athens area. It is
also reported that high ambient temperatures increase peak electricity loads and put a serious strength
on the local utilities. Almost a double peak-cooling load has been calculated for the central Athens area
than in the surroundings of the city. Finally, a very important decrease of the efficiency of conventional
air conditioners, because of the temperature increase, is reported. It is found that the minimum COP
values are lower to about 25 % in the central Athens obliging designers to increase the size of the
installed A/C systems and thus intensify peak electricity problems and energy consumption for cooling,
(32,33).
2.3 Air Pollution and Noise
In addition to increased energy demand for cooling, increased urban temperatures affect the
concentration and distribution of urban pollution because heat accelerates the chemical reactions in the
atmosphere that leads to high ozone concentrations. Other sources like transports, industry, combustion
processes, etc. contribute to increased pollution levels in the urban areas. In Europe it is estimated that
in 70 to 80 percent of European cities with more than 500000 inhabitants, the levels of air pollution,
regarding one or more pollutants exceeds the WHO standards at least once in a typical year, (10)
30

Urban pollution is linked to climatic change, acidification and photochemical smog. Comparison of
daily peak temperatures in Los Angeles and 13 cities in Texas with ozone concentrations show that as
temperature rise ozone concentrations reach dangerous levels, (34). Also, polluted days may increase
by 10 percent for each 5 F increase, (26). Urban geometry plays an important role in the transport and
removal of pollutants. The roughness of urban buildings and landscapes increases air turbulence
enhancing thus the dispersion of pollutants. Also, if pollutants land in sheltered areas like street
canyons may reside longer than they would in a windy rural environment.
The roughness of buildings and the urban structures affect wind within the city and slow down wind
speeds increasing thus pollutants concentration. Increased industrialisation and urbanisation have
created important pollution problems in urban areas. Sulphur dioxide, particulate matter, nitrogen
oxides, carbon monoxide, etc., affect in a direct way the human health while affect historic monuments
and buildings. It is calculated that the cost for damage only by sulphur dioxide to buildings and
construction materials might be in the order of 10 billion ECU per year for the whole Europe, (35).
Damage from increased pollutants is evident. Analysis of the relationship between hospital admissions
and sulphur oxide levels in Athens, (36), found that a " three fold increase in air pollutants doubles
hospital admissions for the respiratory and cardiovascular disorders" and that " acute respiratory illness
shows the highest correlation for the SO2 variable". Levels of nitrogen oxide are particularly high in
urban environments. NO2 levels in San Francisco and New York exceeds 200 µg per cubic meter while
in Athens the corresponding concentration is close to 160 µg per cubic meter, (37).
Health problems associated with the urban environment are mainly associated to the increased use of
cars. This has been acknowledged recently by the British Medical Association, (38). Pollution from
gasoline and petrol has been proved to be partly responsible for heart diseases. Poloniecki, (39) have
shown that in London, 1 in 50 heart attacks treated in hospitals were strongly linked with carbon
monoxide which is mainly derived from motor vehicle exhausts.
The role and the impact of outdoor conditions to the indoor climate as well as the relation between the
outdoor and indoor pollution are obvious notions of building physics and should not be repeated here.
However, inte creates a new situation with serious consequences to the indoor environmental quality.
In fact outdoor pollution is one of the sources of the so-called "sick building syndrome", the other is
related with indoor sources. Numerous studies reported during the last years, show the seri nsive
urbanisation and deterioration of the outdoor air observed during the last years ous impact of the
outdoor environment to the indoor air quality, (40).
Outdoors pollution and inadequate ventilation are may be the primary causes of poor indoor air quality
in buildings. Monitoring of 356 public access buildings has shown that in approximately 50 % of the
buildings non-proper ventilation rates was the primary cause of illness complaints and poor air quality,
(41). Increased outdoor concentrations affect seriously indoor concentration of pollutants.
Measurements of nitrogen oxide concentrations in a hospital in Athens, (42), show high concentrations
for indoor standards, which rises between 33 to 67 µg per cubic meter.
Noise in the urban environment is a serious problem. As in (10), unacceptable noise levels of more than
65 dB(A), affect between 10 to 20 percent of urban inhabitants in most European cities. It is also
reported that in cities included in the Dobris Assessment, unacceptable levels of noise affect between
10 to 50 percent of urban residences. OECD, (43), has calculated that 130 millions of people in OECD
countries are exposed to noise levels that are unacceptable. The same study reports that in the
Netherlands during the decade 1977-1987, the population proportion claiming moderate noise
disturbance has increased from 48 to 60 percent, while in France, between 1975-1985, the urban
population exposed to noise levels between 55 and 65 dB(A) increases from 13 to 14 millions. UBA,
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(44), reports that in the western part of Germany and in towns with up to 5000 inhabitants, 14-16 % of
the population are strongly annoyed by street noise. In towns with between 5000 to 20000 inhabitants
this percentage increases to 17-19 percent, while in cities between 20000 to 100000 inhabitants is 1925 %, and finally in cities of more than 100000 inhabitants this percentage rises between 22 to 33
percent.
3. Main Environmental Problems in Cities of Less Developed Countries
As already stated previously, poverty, increasing unemployment, environmental degradation, lack of
urban services, overburdening of existing infrastructure and lack of access to land, finance and
adequate shelter, are among the more important environmental, social and economic problems in cities
of less developed countries.
3.1. Urban Poverty
The growth of large cities in the less developed countries, has been accompanied by an increase in
urban poverty mainly because of the increasing gap between incomes and land prices, and the failure of
markets to provide housing for low-income groups. As reported by the United Nations, (6), ‘in cities of
the less developed world, one out of every four households lives in poverty; 40 per cent of African
urban households and 25 per cent of Latin American urban households are living below locally defined
poverty lines’.
Poverty is mainly concentrated in specific social groups and in particular locations as the economic
reality in these countries, forces low - income groups to settle in deteriorated and marginal lands in or
around cities without access to basic infrastructures and services.
Poverty is among the major reasons of environmental degradation and unfortunately urban poverty is
on the increase. In fact, as reported by the World Health Organization (WHO) poverty and inequality
are two of the most important contributory factors to poor environmental conditions and poor health. It
is characteristic that in 1970, the richest 20 percent of the planet had almost 30 times more income than
the poorest 20 percent. In our days, this figure has doubled. The net income of the 358 richest people of
the world is larger than the combined annual income of the poorest 45 percent of the world's
population., (9)
3.2. Housing
Perhaps the major of the basic needs in poorer areas of cities in less developed countries include, the
use of ‘affordable and decent housing which contributes to ensure, health, security, development,
empowerment, well-being, and urban functional efficiency.
As estimated by the United Nations, (10), more than one billion of urban citizens, live in non
appropriate houses mostly in squatter and slum settlements, while in most of cities in less developed
countries between one and two thirds of the population live in poor quality and overcrowded housing,
(11), with insufficient water supply inadequate or no sanitation, non appropriate rubbish collection, no
electricity and energy networks and under the risk of flooding and other environmental phenomena,
(45).
3.3 Energy and Air Quality
Electricity provision, use of non appropriate fuels for heating , cooking and lighting, and indoor air
quality are major problems in cities of less developed world. In low-income cities, less than 750 US $/
person, only 70 % of the population is connected to grid, which provide electricity just for some hours
per day.
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The income of the households defines the type of fuel used for thermal processes. Low-income
households choose cheep fuels like wood, kerosene or paraffin, while the higher the income the more
use of cleaner fuels, natural gas, or electricity is done, (46-47). As pointed out, this is a kind of an
'energy ladder', (46-47).
The use of open fires and of non appropriate fuels, in overcrowding houses, are important sources of
indoor air quality that contributes to acute respiratory infections that that kill 4 million people a year,
mostly children under the age of five years, (17).. Existing studies suggests indoor concentrations of
total suspended particulates 10 to 100 higher than the existing standards, (48). As reported in (49), in
South Asia countries, indoor air pollution from solid fuels burned in open fireplaces probably
contribute for a larger total exposure than outdoor pollution sources (49).
As it concerns outdoor air quality, there are more than 1.5 billion of urban dwellers that are exposed to
levels of outdoor air pollution that are above the accepted maximum concentrations, while it is
estimated that 400000 additional deaths are attributed every year to outdoor air pollution.
3.3. Lack of Infrastructures
Most cities in the less developed countries do not offer the necessary infrastructure in order to provide
citizens with safe potable water, sanitation and waste collection and treatment.
Officially, it is estimated, that as many as 25 percent of urban dwellers in the developing world did not
have access to safe potable water supplies (5), however, the real number may be much higher..
Even, those living in areas with pipes supplies, reliability of the water network is a serious problem.
Water supply has declined from 124 litres a day in 1967 to 64 litres a day in 1997. In 1967, almost all
housings connected to the water network received 24 hours service, while by 1997 the percentage has
declined to only the 56 % , with almost 20 % of the households received water only 1-5 hours per day,
(14, 50-51).
Those, not connected to the network, they have either to buy water from private vendors or to queue for
hours each day in public standpipes and then carry for kilometres more than 120 kg of water. As there
is a great shortage of taps, there are more than 500 citizens per tap waiting for more than 90 minutes. In
some cases, there are more than 1500, while there are cases with more than 2500 inhabitants per
standpipe, (14, 50-52). However, as estimated in (53), more than 20-30 per cent of the population in
less developed world they have to buy water from private vendors spending 5-30 per cent of their total
income to buy water, (47,52)
As it concerns sanitation facilities, it is estimated that almost two thirds of the population of cities of
less developed countries, have no hygienic facilities of disposing of exceta and perhaps a higher
percentage lack the necessary means to dispose of wastewaters, (54). As is mentioned in (14), cities
with more than a million of inhabitants have no sewer systems, while Fewer than 35 per cent of cities
in the developing world have their wastewater treated, (6).
In parallel, between one-third and one-half of the solid wastes generated within most cities in less
developed countries are not collected. As estimated by the World Bank, more than 200 billion US
dollars have to be invested each year in basic infrastructure in less developed countries and in the
period 2005, while given the population growth and the additional demand of material ‘...it would be
reasonable to expect the total volume of investment to reach six trillion [U.S.] dollars by that time"
(55).

33

4. Techniques to Improve Microclimate
Improvement of the ambient microclimate in the urban environment involving the use of more
appropriate materials, increased use of green areas, use of cool sinks for heat dissipation, appropriate
layout of urban canopies, etc., to counterbalance the effects of temperature increase, is among the more
efficient measures.
Increase of the energy consumption in the urban areas, because of the heat island effect, put a high
stress to utilities that have to supply the necessary additional load. Construction of new generating
plants may solve the problem but it is an unsustainable solution while it is expensive and takes a long
time to construct. Adoption of measures to decrease the energy demand in the urban areas, like the use
of more appropriate materials, increased plantation, use of sinks, etc, seems to be a much more
reasonable option. Such a strategy, adopted by the Sacramento Municipal Utility District, (SMUD), has
proved to be very effective and economically profitable, (56). It has been calculated that a megawatt of
capacity is actually eight times more expensive to produce than to save it. This because energy saving
measures has low capital and no running cost, while construction of new power plants involves high
capital and running costs.
4.1 Use of Cool Materials
The optical characteristics of materials used in urban environments and especially the albedo to solar
radiation and emissivity to long wave radiation have a very important impact to the urban energy
balance. Yap, (57), has reported that systematic urban -rural differences of surface emissivity hold the
potential to cause a portion of the heat island
Use of high albedo materials reduces the amount of solar radiation absorbed through building
envelopes and urban structures and keeps their surfaces cooler. Materials with high emmisivities are
good emitters of long wave energy and readily release the energy that has been absorbed as short wave
radiation. Lower surface temperatures contribute to decrease the temperature of the ambient air as heat
convection intensity from a cooler surface is lower. Such temperature reductions can have significant
impacts on cooling energy consumption in urban areas, a fact of particular importance in hot climate
cities.
The use of appropriate materials to reduce heat island and improve urban environment has gained
increasing interest during the last years. Many research works have been carried to identify the possible
energy and environmental gains when light colored surfaces are used. Studies have investigated the
impact of the materials optical and thermal characteristics on the urban temperature as well as the
possible energy reduction during the summer period. A detailed guide on light colored surfaces has
been published by US EPA, (26). It has been shown that important energy gains are possible when light
color surfaces are used in combination with the plantation of new trees. For example computer
simulations reported in (58), show that white roofs and shade trees in Los Angeles, USA, would lower
the need for air conditioning by 18 percent or 1.04 billion killowatt-hours, equivalent to a financial gain
close $100 million per year.
The author, using infrared thermography has assessed the temperature of used materials in pavements
and streets in the major Athens area during the summer period. A typical picture is shown in Figure 3.
As shown, the temperature of non shaded asphalt was close to 59 C In parallel, the temperature of
green areas was close to 31 C.
Extensive measurements of surface temperatures for more than 70 materials used for streets and
pavements have been performed during a whole summer, (59). Instant temperature differences of more
than 45 C, have been measured between asphalt and white cover materials.
Large scale changes on urban albedo may have important direct and indirect effects on the urban scale.
Measurements of the of the indirect energy savings from large scale changes in urban albedo are almost
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impossible. However, using computer simulations the possible change of the urban climatic conditions
can be evaluated. Taha et al (60), using one dimensional meteorological simulations have shown that
localized afternoon air temperatures on summer days can be lowered by us much as 4 C by changing
the surface albedo from 0.25 to 0.40 in a typical mid - latitude warm climate. The same author, (61),
using three - dimensional mesoscale simulations has calculated the effects of large scale albedo
increases in Los Angeles. It has been shown than an average decrease of 2 C and up to 4 C may be
possible by increasing the albedo by 0.13 in urbanized areas. Further studies, (62), have shown that a
temperature decrease of this magnitude could reduce electricity load from air conditioning by 10 %.
Recent measurements in white Sands New Mexico have indicated a similar relationship between
naturally occuring albedo variations and measured ambient air temperatures.. Taha et al, (63), have
analyzed the atmospheric impacts of regional scale changes in building properties, paved surface
characteristics and their microclimates and they discus the possible meteorological and ozone air
quality impacts of increases in surface albedo and urban trees in California's South Cost Air Basin. By
using photochemical simulations it is found that implementing high albedo materials would have a net
effect of reducing ozone concentrations and domain wide population weighted exceedance exposure to
ozone above the local standards would be decreased by up to 12 % during peak afternoon hours.
4.2 Use of 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 urban temperatures. Trees also help mitigate the greenhouse effect, filter pollutants, mask noise,
prevent erosion and calm their human observers. As pointed out in (26), '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'.
The American Forestry Association, 1989, estimated that the value of an urban tree is close to $ 57000
for a 50 years old mature specimen. As mentioned (26), the above estimate includes a mean annual
value of $ 73 for air conditioning, $ 75 for soil benefits and erosion control, $ 50 for air pollution
control and $ 75 for wildlife habitats.
Numerical studies trying to simulate the effect of additional vegetation to the urban temperatures have
been performed by various researchers and provide very useful information. In (64), it is predicted that
increasing the tree cover by 25 % in Sacramento and Phoenix, USA, would decrease air temperatures at
2:00 p.m. in July by 6 to 10.0 F.. Simulation results for Davis California using the URBMET PBL
model reported in (65) show that the vegetation canopy produced daytime temperature depressions and
night time excesses compared to the bare surrounds. The factors behind temperature reduction are
evaporative cooling and shading of the ground, whereas temperature increase during night is the result
of the reduced sky factor within the canopy. Results of the simulations show that a vegetative cover of
30 % could produce a noontime oasis of up to 6 C, in favourable conditions and a night time heat island
of 2 C.
The impact of trees on the energy consumption of buildings is very important. As reported by the
National Academy of Sciences of United States, (66), the plantation of 100 million trees combined with
the implementation of light surfacing programs could reduce electricity use by 50 billion kWh per year,
which is equivalent to the 2 per cent of the annual electricity use in the US and reduce the amount of
CO2 dumped in the atmosphere by as much as 35 millions of tons per year.
Urban agriculture, growing vegetables and fruits, in and around cities, can help to improve urban
microclimate and provide essential food to people. In fact, one seventh of the planet's food supply is
grown in cities, and there are 800 million urban farmers in the world, (82).
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In Europe, almost 72 per cent of all urban households in Russia food, and Berlin has more than 80 000
urban farmers, (16). In St Petersburg, the Urban Gardening Club has very efficiently promoted the roof
top gardening. Estimations show that in just one district, it is possible to grow 2 000 tonnes of
vegetables per season from 500 roof tops.
In Chicago, the local environment department promotes the construction of gardens a top several city
buildings as part of a U.S. Environmental Protection Agency program studying ways to help cool cities
and reduce smog. In parallel, the city of Vancouver in collaboration with City Farmer, a non-profit
association promotes urban food production and environmental conservation. This has resulted to a
new public garden which demonstrates conservation methods ‘such as contouring of the ground, soil
conditioning using compost, collection of rain water, and the use of native plants’, (83).
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Figure 3. Surface Temperatures in Athens, (Summer 2001)
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RESSET CHAPTER 3: Development and assessment of the potential of methodologies to
improve the design and performance of the buildings constructed within the settlements by
implementing the use of passive and active RES systems and techniques
3:1

Daylighting

The increased emphasis on energy efficiency as a result of global warming has unfortunately led to
forms of building design and construction where there has been reduced daylighting in domestic
buildings. With windows as the main source of heat loss and gain from buildings there has been a
tendency to reduce their size with some encouragement from national building regulations. In addition
the replacement of single glazing by double or double low-e glazing has led to a reduction in
transmitted daylight between 10-25%. Windows with thermal breaks tend to have increased opaque
elements again reducing daylight transmission.
As opposed to non-domestic buildings where many arguments exist for the energy benefits of well
daylit buildings, there is little research into energy benefits of well daylit domestic buildings. In fact
the benefits may be small. Many dwellings are unoccupied during the daylight hours and increasingly
so. However while the main source of domestic lighting remains the tungsten filament lamp,
considerable potential savings are possible if there is 24-hour occupation. But the main argument for
well daylit domestic buildings comes from the preferences of the occupants. A well daylit space is
perceived as more healthy, allows greater contact with the outside world, is more open and therefore, to
many, more democratic.
Regulation of daylighting
Some countries are beginning to incorporate daylighting into their building regulations. Building
Regulations are legally enforceable regulations, which deal with questions of the conservation of
energy and the health and safety of occupants. They therefore address such issues as adequate
ventilation, noise insulation between dwellings and the structural integrity of the buildings. For
instance, daylighting is now mentioned in the UK Building Regulations, but only in terms of
recommendations.
Recommendations as to daylight in domestic buildings are to be found in the British Standards on
Lighting, specifically the section on daylighting, in the publications of the CIBSE and in publications
of the BRE [1,2,3]. The recommendations for new spaces are expressed in three ways:
•
•
•

a minimum average daylight factor (2% kitchens, 1.5% living rooms, 1% bedrooms);
the position of the no sky line at working plane height (0.85m). If the area beyond the no-sky
line is more than 50% the room will look gloomy;
a limiting depth criteria.

To put the first recommendation in context, a room with an average daylight factor of more than 5% is
regarded as well daylit, that is electric lights would be used infrequently during daylight hours, but
below 2% electric lights would be used frequently [2]. The requirements are therefore minimal.
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Orientation is not considered. Orientation factors can however be used to reflect the higher levels of
illuminance on the south façade.
Of course these recommendations are ‘illumination’ based and the perception of how well a space is
daylit may be influenced by factors such as shading control and view. Some recent research in the UK
has suggested that rooms can have too much daylight [4].
In regard to a new building affecting an existing building the recommendations have an origin in solar
access in the UK. The new building should not reduce the vertical sky component below 27% or if it
does it should not reduce it by more than 20%. In most city centres the vertical sky component is
already below 27% at many windows of building. Planning authorities have tended to use the 20%
reduction guideline when assessing planning permission in such areas. This unfortunately has its
drawbacks, leading to creeping increased heights in urban areas reducing daylight access and there is
some demand from the planning authorities in these areas (e.g. City of Westminster in London) for
improved guidelines, possibly based on typical daylight access in particular city zones. Many countries
and cities themselves have planning regulations that affect daylight but would not be found as a
daylighting regulation. In Portugal, for instance, there exists a 45o rule that in practice limits urban
canyon dimensions to a ratio of 1:1.
Rights of Light
In the UK ‘Rights of Light’ legally protects individuals against neighbouring properties to be newly
constructed or extended that will affect their daylighting. It is defined in terms of the position of the
0.2% sky factor contour [5].
Average Daylight Factor
The average daylight factor is the ratio between the mean illuminance in a space and that from an
unobstructed sky externally expressed as a percentage. In calculation terms the sky is generally
assumed to be the CIE overcast sky. It is measured or predicted on the working plane that for domestic
buildings is assumed at 0.85m. There are two formulae that give an average daylight factor, Sumpner’s
and the BRE average daylight factor formulae. Both are based on a ratio of the window area to the
surface area of the room, with corrections for any obstructions, glass transmission and room
reflectance.
BRE formula:

DF = θTW/A (1-R2)

Sumpner’s formula: DF = θTW/2A(1-R)
θ
T
W
A
R

is the angle of visable sky measured from the mid-point of the window
is the light transmission of glazing
is the window area
is the area of all the surfaces of the room
is the average reflection factor of the room

Alternatively, the average daylight factor can be calculated using a variety of computer programmes
which determine the daylight factor on a predefined grid and take the average. It is clear that the latter
method will give a more accurate result, but the former is particularly useful at an early design stage.
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Applications in practice
During a recent energy efficient housing refurbishment project supported by the EC ‘Thermie’
programme that included 6 individual projects, questions arose as to the affect of glazing balconies and
creating add-on glazed balconies as a passive solar measure on daylighting. The buildings have been
discussed fully in a recent paper [6], but the issues arising are outlined here.
Glazing an existing balcony can easily lead to a
reduction of 30-45% of the daylight entering a room,
while creating a ‘tower’ of add-on glazed balconies
may lead to a reduction of 60%. In the German
building, an 8-storey social housing block near
Flensberg (Fig. 1), an additional window was created
each floor in the most affected room. The size was
estimated using the simple ‘Daylight’ programme.
Reports from the tenants have been very positive and,
most interestingly, the tenants have commented
mainly on the view of a previously unseen aspect.
total installation cost of each new window was about
1500 euros. The building won first prize in a German
competition for implementation of solar energy in
renovation (Messepreis Solar’99).

on

The
Figure 1
Refurbishment in Englesby,
Germany

The French building in Lyon (Fig. 2) raised some interesting issues. The add-on, glazed balconies, as
originally conceived, severely reduced the amount of daylight to the room attached. For access to the
balcony, the original window that had a sill height just above working plane height was extended to the
floor, creating glazed doors. As a result of the daylighting concerns the balcony was fitted with full
height glazing. While the computer prediction techniques showed little benefit from the use of full
height glazing, no direct daylight being available from window below working plane height, the
formulae gave a result directly proportional to the window area independent of location of window and
showed considerable benefit.
Surprisingly, the tenants have commented that the quality of their daylight has improved. How can this
be explained? Is the average daylight factor on
the working plane the best means of
characterising daylight? The full height window
allows more ground-reflected light, which is of
relative importance where the ground is sunlit but
the sun is not directly on the facade. The full
height window improves the view particularly of
the foreground and middle ground even for a
seated person within the room.
The side
windows in the glazed balcony permit easier
views parallel to the building facade. Future
research will need to decide the importance of
these factors.
Figure 2
Refurbishment in Lyon, France
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Sunny Climates
In sunny climates the windows on south facing facades are invariably shaded. Shade adjustment
controls in domestic buildings allow user control to optimise the balance between solar admission and
daylight. Prediction of lighting levels can be made from the direct solar illuminance on the facade and
the transmission of the shading system. The design of the windows on the north side which do not
require shade, except for perhaps early morning and evening in summer, are of interest particularly in
urban situations where the primary source of daylight will be reflected sunlight.
Several methods have been developed for the calculation [e.g. 7,8], but they do not lend themselves to
a simple calculation for architects. Recent studies by Brotas et al. [9] have suggested a design method
akin to the concept of the daylight factor, which may be used to characterise spaces lit by reflected
sunlight.
Techniques
Many new daylighting techniques that may be justified in
commercial buildings are unlikely to find uses in domestic buildings
on the grounds of cost and application. In terms of application the
house being on a small scale usually has easy access to external
walls for vertical glazing and a roof for rooflights. Apartment
blocks often find themselves limited in plan and therefore
bathrooms, occasionally kitchens (to be strongly discouraged) and
particularly circulation spaces are sometimes non-daylit. Here,
devices such as the light pipe can work well. Domestic spaces do
not necessarily require the high levels of light associated with
commercial buildings so that a light pipe that may typically provide
50-100 lux under overcast conditions can provide adequate light and
good energy savings when it replaces an electric light source in
daylight hours. Of most importance however is the quality of light
that the daylight can provide. Light reveals the architecture, alters
mood and affects well-being so that its function extends far beyond
the immediate energy concerns.

Figure 3
Installed lightpipe in
a domestic building
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3:2

Passive Solar

Passive solar systems commonly used in residential buildings are the direct gain system and
conservatory/ glazed sunspaces. Less commonly found are the varieties of trombe wall and solar
chimney system. These latter systems are more suitable for areas of high solar radiation and cooling
requirements.
All buildings are solar to a certain extent in that they will absorb radiation, primarily through the glazed
elements although absorption through the opaque elements should not be neglected. Glazed elements
transmit radiation in the near infra-red that is the infra-red radiation that comes from hot bodies such as
the sun, but are not transparent to radiation in the far infra-red from bodies at typical ambient
temperatures. Hence the ‘greenhouse’ effect.
The principle of the direct gain system is simple, larger windows on the south side of a building and
smaller ones on the north to maximise the absorption of the solar radiation. This causes its own
problems however and the practical implementation of such systems is not always so simple. The first
problem occurs with solar access and requires consideration at an early planning stage. A typical block
pattern development creates as many east-/west- orientated buildings as north/south. Such east/westorientated buildings may have energy consumption 20% more than those with a north/south orientation.
The second problem occurs with building density. Most development occurs in cities and there is
strong pressure throughout Europe to protect the countryside from over-development. There is also
strong pressure to maintain building densities and in some cities such as London to increase them. This
puts a pressure on solar access as at 50 degrees north the sun only reaches a maximum altitude of 17
degrees at the winter solstice. With high densities it becomes more difficult to achieve solar access
during the winter. Even if solar access is limited during November, December and January, there is
still however good passive solar benefit during the spring months, March, April and May (and even in
June in such locations as Scotland, which can have a heating load at that time of year).
With increased glazing areas on the south side privacy can be a problem. While attitudes to privacy
vary widely throughout Europe, experience has shown that, if privacy is felt to be threatened, the usual
response is to place an internal diffusing screen such as a net curtain in front of the window.
Unfortunately, such devices are good at
reflecting radiation and significantly
reducing the solar benefit. Provision of
privacy is thus another issue to be
considered at the planning and early design
stage.

Figure 4
Direct gain housing at Farum Sodal, Copenhagen.
(photo: Phil Thompson)

As with all solar heating systems, in order
to maximise the winter benefit there is a
tendency to maximise the summer
overheating and solutions need to be
developed to prevent that overheating.
These could be building integrated solutions
such as overhangs or the provision of
external blinds.
The architectural
profession, particularly in Northern Europe,
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has been reluctant to develop external blind solutions, as they are perceived to destroy the ‘clean’ lines
of the building. This maybe a triumph of form over content but the adoption of solar strategies requires
imaginative thinking in blind design and architectural integration.
Conservatories, glazed balconies and
sunspaces are names given to a basic
passive solar system where a south
orientated glazed space acts as a buffer
zone for part of the building and allows
preheated ventilation for the main part
of the building. These systems are not
without controversy as energy saving
features.
Doubts have previously arisen as to the
real energy efficiency of these spaces
Figure 5
since a study some years ago in the UK Direct gain Houses in Utrecht, Netherlands
showed that in a large percentage of (photo: Phil Thompson)
cases added on conservatories were
actually heated in the winter increasing
considerably the overall energy consumption of the dwelling [10]. European critics have often pointed
out the typical British add-on conservatory is quite unlike the ‘ glazed balcony or sunspace’, being
much larger and therefore of greater potential use as an additional room. Some have even suggested
that in general so-called ‘misuse’ of sunspaces is mainly confined to the UK.
Certainly, if sunspaces are not heated in winter, energy savings can be made through passive solar gain
[11]. However, a study of several European demonstration projects, not simply confined to the UK,
found some examples of winter heating from analysis of the temperatures in the sunspace and room
behind. It is not simply a matter of placing a heater in the
sunspace (and frequently that may be the inefficient
electrical fan heater) but simply opening the door onto the
heated room behind. There have been some recent attempts
to minimise the possibility of misuse. A project in Englesby
near Flensberg in Northern Germany adopted a two-pronged
approach. Detailed analysis was made of the consequences
of heating two types of sunspace created by glazing an
‘inside’ balcony and an ‘outside’ balcony [12, 13]. Table 1
shows clearly the huge heat losses by potentially heating an
outside west-facing balcony with normal single glazing.
Figure 6
Glazed ‘outside’ and ‘inside’
balconies on refurbishment in
Englesby, Germany
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Table 1
Expected annual energy demands (for whole apartment) and relative savings for space heating for
different types of glazed balconies.
Results for an apartment with “outside” balcony facing west (type 2):
Glazing
type

1.
2.
3.
4.
5.

Unheated Balcony

Heated balcony

[kWh]

[kWh/m2]

[%]

[kWh]

[kWh/m2]

[%]

1

2497

49

27

10922

192

-220

2

2622

52

23

6264

110

-83

3

2078

41

39

2446

43

28

4

2360

46

31

3724

65

-9

5

2683

53

22

7735

136

-126

All glass with insulation of existing wall between balcony and living room
1 layer of glass, uninsulated parapet
Highly insulating glass (U =1.1 W/m2K), insulated parapet
Conventional double glazing, insulated parapet
Conventional double glazing, uninsulated parapet

When super-insulated glass becomes financially feasible,
the risks are substantially reduced. It was not feasible to
use this glass in all the glazed balconies created in such a
project so an alternative method was used. By making
the balcony very loose and allowing an air gap between
panes of glazing, it became practically and financially
impossible for the occupants to heat the balconies. Of
course the width of the gap is critical to still maintain the
passive solar potential. In this case it was 5mm. A
project in Helsinki used a much larger gap, with which
nearly all of the passive solar potential may be lost.
In the summer the reverse problem can occur. There is a
great potential for overheating and this is not simply
confined to southern Europe. Temperatures can easily
rise to between 40-50 deg C and even if the door between
the room and conservatory is kept closed, the conduction Figure 7
gains will be high. Shading should be used where Helsinki Sunspace
possible and openings used to provide air-change rates of (photo: Phil Thompson)
at least 10-20 ach.
Preferably, and this applies
particularly to southern Europe, the glazing should be folded back or removed.
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An example of such a system being used in a mock-up for a proposed sunspace being considered for a
refurbishment project in Grenoble is shown in Fig. 8.

Figure 8
Moveable glazing
(photo: Serge Jaure)

Daylighting is an important issue when using sunspaces, particularly important in refurbishments as
discussed below but the same principles apply to newbuild. While there are limited savings directly in
lighting energy consumption in domestic buildings through daylight substitution (unlike commercial
buildings), the loss of daylight in the room behind the sunspace can have both a psychological effect
and affect the energy consumption in a manner related to sunspace use. By making the room darker
there is a tendency to draw people into the sunspace, particularly during the less bright and colder
winter months, with a consequent demand for heating.
Balconies themselves restrict daylight to the rooms below. Sometimes this can be a positive advantage
on southerly orientations, providing some solar shading particularly in southern Europe. When these
balconies are glazed to create sunspaces, daylight is reduced in the rooms behind the sunspace.
Estimations can be made of the impact of glazing on these rooms. If no further structure is included
(apart from glazing structure) then, allowing 85% transmission for single glazing and 70% for double
(more for low-e) with a further loss of 15% for the glazing structure, the loss of daylight varies between
30-45%. When it is acknowledged that a 20% reduction in daylight is noticeable (and a reason for
turning down planning applications in the UK, if the vertical sky component is already below 27%), the
effect of the sunspace on the room behind in this minimal of cases is already of some concern. Where
additional structure is added on to the building, where none existed before creating a ‘tower’ of
sunspaces, the effect can be much greater. For instance, in a living room 4.5m deep, with an added on
sunspace of 1.5m depth, the average daylight factor is reduced by approximately 20%; but this average
daylight factor includes the added sunspace. Treating the sunspace as an overhang with a height of 2.5
m, the average daylight factor in the room behind the sunspace is reduced by 30-35%, excluding
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glazing and glazing structure losses. When these are added, 60% of the daylight may be lost. There
are as yet no definitive studies on the use of glazed sunspaces outside the UK (and this really relates to
glazed conservatories). It will be almost certainly difficult to isolate lack of daylight or restricted view
in the room behind as major reasons for the use of sunspaces during the winter when heating will be
required. The availability of extra space and the need to use it is clearly an important factor. It has
been noticed, ironically, that sunspaces are being used for satellite dishes, further obscuring the
daylight. The refurbishment in Germany mentioned above included the cutting of an extra window to
compensate for the glazing of the balcony. Improving the view may compensate, psychologically, for
apparent loss of daylight. This seems to have worked in a project in Lyon in France whereby creating
glazing to the floor, instead of the original window with a sill height of 1m, created a potential view of
the foreground and middle ground, not previously available to a sitting person.

Figure 9
View through newly created sunspace in Lyon
(photo: Serge Jaure)
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3:3

Glazing Materials

Man-made glass dates from around 4500 BC in the ancient Middle Eastern civilisations. The first glass
vessels date from around 1500-1350 BC in Egypt. A major revolution in glassmaking technique came
with the invention of the blowing iron, probably in Babylon around 200 BC. The Romans mastered
most of the major glassmaking techniques and they spread throughout the empire from Syria to
Brittany. Fragments of window glass were discovered in Roman Egypt. Flat glass suitable for
windows is difficult to make and, although it existed in Roman times and possibly before, its surface
finish was irregular, gave poor illumination and even worse visibility. After the Roman times technical
skills declined rapidly in western Europe, only surviving in the eastern Mediterranean. These skills
later spread back from the eastern Islamic empire to Christian Europe. The first use of coloured glass
may have originated in Constantinople in the 6th century AD in the great church of St. Sophia.
Interestingly, not all colour glass was produced by adding metallic oxide to the melt; some was made
by applying a stain to the surface of the clear glass and fusing it. Coloured glass proved easier to
produce than a glass of good clarity.
Even after the great stained glassmakers of the Middle Ages, it was still found difficult to produce a
glass in the 19th century that was not tinged green, owing to the unavoidable inclusion of iron oxide.
Unable to remove the iron oxide, a ‘decolouriser’ such as manganese, having a purplish tint, was used.
While this removes the green, there is some loss of light transmission in the glass. Even during the
19th century most glass was still blown, though now in the form of a cylinder, and the process became
increasingly automated, improving the regularity and clearness of the glass. The 19th century saw the
first great glass buildings, most notably the construction of the Crystal Palace in 1851 in London by Sir
Joseph Paxton. This was the first large-scale building entirely prefabricated from standardised units of
iron and steel. The 20th century saw huge developments in glass technology, crowned by the
development of the float glass technique from 1959, which allowed the production of distortion free
window glass [14].
Glazing materials have many functions. In times past they allowed weather protection for a building
where windows were of a necessity, as the only source of artificial light may have been the candle.
They were so prized that the UK introduced a window tax, which saw many windows bricked up. The
provision of daylight and the provision of a view came, however, with some negative aspects,
particularly in an energy conscious world. The use of large glazed areas in offices led to overheating
and the high U-value of single glazing led to large heat demands in winter. To improve the thermal
transmission double-glazing became common, halving the U-value, with gas-filled argon panels
halving the value yet again. Early attempts at solar control glazing produced the body-tinted glass and
then a surface-infused reflecting glass. These glasses suffered from one main problem. Half of the
solar radiation is in the visible spectrum, so that cutting the solar transmittance in half or more
produced an equal reduction in daylight and sometimes more. In addition the colours of the resulting
glass could produce undesirable effects, particularly if a window was opened, revealing the extent to
which colour adaptation was taking place. What was required was the development of spectrally
selective transmitting glazing. Additionally the insulating properties of the glass may be improved by
reducing the emissivity of the glass in the far infra-red, where glass at room temperature would be
radiating. Normal float glass transmits strongly in the visible spectrum and in the near infra-red (the
high energy infra-red radiation next to the visible part of the spectrum). In the far infra-red normal
glass transmits weakly, which leads to the so-called green-house effect whereby the solar radiation is
‘trapped’ within the building. To maintain the light transmission properties of the glazing while
reducing the transmission of solar radiation in the near infra-red, coatings have been developed. The
total solar energy transmittance (TSET or g-value) is the sum of the solar energy transmittance of the
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glazing (Ts) and the solar energy that is absorbed by the glazing, which is then re-radiated inward (qi).
Additionally, there is the transmittance of the glass in the visible wavelengths (Tv). The purpose of the
glass in this case is to produce a low g-value and a high Tv. It is normally obtained by typically using a
silver or double silver coating. While the latter produces a better cut-off for the visible spectrum
reducing the g-value it also reduces Tv. The silver coating additionally has very low emissivity (0.03),
which reduces the radiation in the far infra-red to the interior (qi), if correctly placed.
In colder climates, where heat loss is the main problem, an alternative type of coating with low
emissivity can maintain a high value of Ts, while reducing the radiation losses to the outside. Known
as low-e glass and marketed, for instance, under the brand name of K-glass by Pilkingtons, they
comprise the pyrolytic heavily-doped wide bandgap semiconductor coatings such as fluorine-doped tin
Figure 10
(courtesy: M Hutchins)

oxide (SnO2:F).
Figure 11
(courtesy: M Hutchins)
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Correct positioning of these glasses in double glazed systems is very important.

Figure 12

Figure 13

(courtesy: M Hutchins)

(courtesy: M Hutchins)
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3:4

Active Solar Case Studies

Introduction
Some of the most innovative, and certainly the largest and most impressive active solar systems, have
often resulted from projects carried out with partial EC funding from the Energie demonstration
programme. One such programme was the SHINE project, which included five projects with active
solar hot water systems, ranging from single-family houses up to 14 storey blocks of flats, and from
2.7m2 up to 760m2 in area. Of these projects three of the solar systems were integrated into district
heating systems of which one also included combined heat and power. In single family homes active
solar is generally used for heating domestic hot water, for which there is an all year round demand, and
consequently this is the most cost effective option. This is possible with standard boilers or as a preheat to combination boilers. However whilst solar availability and heating demand are out of phase it
is possible to incorporate active solar space heating in individual homes, especially those with low
overall heat demand. If all year round active solar heating is required then an inter-seasonal heat store
is needed, which can take up a large amount of space and can be relatively costly. Therefore it is more
often the case that active solar space heating will be supplemental to the main heating system,
providing a valuable contribution on any bright day during the heating season. Quite often this is
achieved using a solar pre-heated thermal store, which is used for both domestic hot water and for a
low temperature under-floor heating system. Of all applications it is probably in conjunction with
district heating that active solar is the most cost effective, typically with a system sized to meet the
summer base load. This is due to low capital costs per square metre, combined with a high diversity
factor (many users), which ensures a high utilization factor for the available solar energy.
However there can be barriers to the use of active solar with district heating, for example, when there is
also combined heat and power involved. In this case both systems are ‘competing’ to supply the
summer base load in order to maximise cost effectiveness and must therefore each be of smaller
capacity than if they were standalone. Alternatively in large citywide district heating networks the cost
of heat may be set lower in the summer period and/or export of heat onto the network may be
prohibited or be purchased at very low cost.
The following case studies show a variety of active solar hot water systems in use in Europe today.
Patrimonium, Amsterdam, The Netherlands
Each year millions of motorists drive
the Brandaris building and immediately
most striking feature, a 760m2 solar
thermal array, the largest single
building system in Europe. The design
that the orientation is optimal and at the
time makes a statement about the
building by dramatically overhanging
edge of the roof, overlooked by an
impressive viewing gallery.

past
see the
is such
same
the

Figure 14
Brandaris building, Amsterdam
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Figure 15
Solar water heating panel

Technically the system is also impressive, with 40m3 of solar water storage, pre-heated via a heat
exchanger. Optimisation studies showed that the solar contribution would be provided by separating
the domestic hot water from space heating, in two separate circuits. Solar energy is supplemented by
backup heat from the building heating network, with conventional boilers and two pre-existing CHP
units. The combination of CHP and solar was not ideal, as there is competition for summer load, which
affects the cost effectiveness of both. However a new building energy management system optimises
the solar contribution and the split between DHW and space heating. Also it controls heating return
temperatures at 40°C, reducing distribution losses and improving the efficiency of boilers and CHP
units.
Figure 16
Rooftop solar thermal array

Figure 17
Diagram of total heating system
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Big Heimbau, Flensburg, Germany

This project is focussed on two similar 8 storey blocks, containing a total of 80 flats, originally built in
1964. The properties, owned by local housing association Big Heimbau AG, are in the Engelsby
suburb of Flensburg, just 3km from the border with Denmark. A roof-mounted solar system was also
installed with 53m2 of south facing panels, linked to a 2800 litre thermal store. This contributes to hot
water heating in the Franz Schubert Hof block of 40 flats. Domestic hot water is provided from a solar
pre-heated cylinder, with back up from the district heating system, rather than electricity in the former
system.

Figure 18
Roof mounted solar system,
Flensburg

Figure 19
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Gardstens Bostader, near Goteborg, Sweden

The estate includes 255 apartments in 10 blocks in Gardsten, north of Goteborg of which 172 have
been renovated within the SHINE project. There are three high-rise buildings (15 storeys) and seven
low-rise buildings (3 storeys). Each of the three high rise buildings has roof integrated solar hot water
collectors on new mono-pitch south facing roofs comprising in total 750m2 of solar collectors,
supplying a buffer store, linked to the district heating system and used for the preheating of DHW.

Figure 20
Estate in Gardsten, Sweden, with solar arrays on high-rise blocks

Figure 21
Detail of solar hot water collectors at Gardsten

Reading Borough Council, UK

A total of 48 houses have been completely renovated to high standards of energy efficiency in a run
down area of Reading, UK.
The most innovative aspect of this project is the low flow drain back solar hot water system, linked
with a gas combination (combi) boiler, which is very uncommon in the UK. The innovative aspects of
the solar system are:
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•

•

•
•

•

Roof integrated solar panel comprising a
single piece, UV protected and virtually
unbreakable, polycarbonate moulding, with
chromium oxide selective surface and low
water volume.
Low flow system which operates at about 1015% of the flow-rate of conventional
systems, creating a highly stratified cylinder
of hot water, with more useful hot water
sooner.
Low power 3 watt DC pump, resulting in
minimal parasitic losses and being suitable
for PV power supply.
Thermo-siphon drain-back of water in
microbore copper pipe, providing boil and
freeze protection, without the need for
antifreeze, just using tap water and with no
planned maintenance.
Operation controlled by light level sensor,
rather
than
differential
temperature
controller.

Figure 22
Roof integrated solar panel,
Reading, UK

In order to integrate with a combi boiler and maximise efficiency, a number of features were included:
•
•
•
•

Solar thermal store, with high efficiency finned tube heat exchanger to provide mains pressure
pre-heated solar hot water for the combi boiler. Compared to mains pressure cylinders these are
easier to install and have no planned maintenance requirement.
Mixing valves to protect the boiler from scale build up and the end user from scalding.
Boiler `economy bypass' to provide solar hot water directly at chosen temperature e.g. 45°C.
Combi boiler guaranteed to accept solar pre-heated hot water - one of only two on the UK
market when specified.

There has been a significant
increase in the use of combi
in the UK (over 50%) for which
project provides a practical and
innovative solar thermal solution.
direct result of the project the
solar system is now distributed
throughout
the
UK
by
Imagination Solar Ltd.

boilers
this
As a
ATON

Figure 23
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Hyde Housing Association, London, UK

This project covers three 19th century properties of Hyde Housing Association, containing seven units,
in Woolwich, Plumstead and Charlton.
One interesting aspect of this project has
the application of two types of solar
thermal hot water systems, for comparative
testing. In one large family home an AES
plate system of 6.6m2 was linked to a 300twin coil hot water cylinder. In the other
family home a 3.7m2 array of NEG
evacuated tubes was installed, linked to a
litre twin coil cylinder. Perhaps the most
unusual use of solar thermal was in the
larger property, which is subdivided into a
bedroom flat and four bedsitters. The flat
Figure 24
dedicated 3m2 flat plate collector, with Evacuated tube array
180litre twin coil system, whilst more
unusually, the four bedsitters share a 4.4m2 flat plate
collector serving a 240 litre cylinder. All solar
systems were of the pressurized type, using a
differential temperature controller with backup heat
gas condensing boilers. The use of a single solar
system for four rented units is normally avoided
because of billing difficulties. In small flats this
results in individual electric water heaters being
at a high running cost and with excessive carbon
dioxide emissions. However by using a small
collective system the backup hot water provision is Figure 25
a condensing gas boiler, which also provides space Flat plate collector
heating.

been
flat
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166one
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Figure 27

Figure 26
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3:5

PV Integration

Introduction
Building integrated PV is a very suitable application of this important future energy source:
Advantages and Disadvantages for PV building integration:
+ Solar energy is an abundant source of energy and free of charge
+ No fuel costs and no environmental concerns
+ Decentralised and comparatively simple technology
+ Reduced expenses for operation and maintenance
+ Flexibility in sizing and design
+ Including the external costs already today PV systems are a more cost effective energy option
than fossil fuels.

-

Dependence on solar radiation which varies between climatic regions and different times of the
day.
- Inverters are necessary to transfer the uni-direction current
- High initial investment costs.
Special advantages for PV Use in the building envelope:
- Use of building parts that cannot be given to any other usage.
- The integration of the PV modules in the construction parts can save up to 25 % of the
installation expenses [15].
- The use of PV integrated construction parts can replace conventional building parts and save
money.
- PV integrated in an overall energy optimization can ensure the full energy autarky of the
building
- PV on building roofs are visible pylons for the maturity of sustainable energy supply
techniques.
- In most cases the expensive battery and charge control system is abandoned.
PV System Components
Solar cells
The key components of PV systems are the PV modules consisting of solar cells and the inverter.
Batteries for energy storage and a charge control are - as mentioned before - not necessary in most
building integrated applications.
At present more than 99 % of solar cells are made from silicon. Originally one silicon ingot was used
for mono crystalline cells. Solar cells made from multi crystalline silicon are more popular today, as
they are less expensive and only slightly less efficient in the energy production. An important
innovation for BIPV is the power solar cell which consists of semi-transparent silicon cells and thus
gives an indirect suitable lighting in the building. Suitable for the combination with construction
materials is also the bi-facial cell which can produce electric power from radiation from both sides.
Thin film technologies are of growing importance, since their production requires by far less material.
Amorphous silicon is the material of today’s commercially produced thin film cells. The technology
with the highest efficiency – copper indium gallium diselenide systems (CIS) – are so far not available
on commercial size for building integration. A particular advantage of thin film is the possibility to
bend the cell and thus to integrate it into various building parts – e.g. roof tiles.
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The efficiency (electric power production in relation to solar radiation) under standard conditions can
be seen in the following table (as Standard Test Conditions – STC are defined the optimal prerequisites
of 1000 W/m2 solar radiation and the module temperature of 25 ° C.
Table 2:
Energy efficiency of PV modules, IEA Report, 2001 [16]

Mono cristalline cells
Multi cristalline cells
Amorphous silicon
CIGs

Typical module efficiency
12 – 15 %
11 – 14 %
5–7%
121 %

PV Inverter
The inverter is necessary for converting direct current into alternating current. Its efficiency in general
is higher than 90 %. Inverters use a Maximum Power Point Tracker (MPPT) for continuously
adjusting the load impedance such that the inverter is always extracting the maximum power from the
system.
PV modules
Solar cells are integrated into modules. Their efficiency declines due to the module fringes and frames.
For multi-crystalline modules can be assessed an overall efficiency of 10 %.
PV building integration
PV building integration requires harmonized solutions on three levels:
1) Construction level
2) Energy level
3) Architectural level.
Construction level
There are two main approaches for PV building integration on the construction level:
a) PV Systems as a constructive surplus
b) PV Systems as a constructive replacement
The first option is the so far most popular and common one. Particularly for building refurbishment it
provides mature and simple solutions. The second however in mid-term perspective holds a strong
potential for significant cost reduction and innovative solutions for the architectural building
integration. Here, the PV systems are integrated in construction materials, most prominent is the
integration into roof tiles. Here a major issue of research is the encapsulation of the cells, what best
can be done with transparent fluorpolymers which not only enhances the visual aesthetic of the
building, but also allows the installation within the traditional techniques of roof fitters and electricians
[17].

1

Laboratory results
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Figure 28
Solar roof tile demonstration project of Fluorpolymer PV modules in Germany

In the construction sector the strong push towards pre-prepared construction parts and even entire
buildings gives large changes for PV integration. The pre-construction reduces the variety of design
options, yet it allows strong cost reduction and high installation quality which integrates the PV
systems optimally in the overall building construction paying attention to important issues like their
effects on insulation, daylighting and rainwater control. Moreover, the large potential for PV based
shading devices is to be scrutinized in every site planning.
Energy level
On the energy level the PV systems their performance has to be defined and optimised. For standalone systems the electric energy demand by number and time is of major importance. In respect of the
demand the energy production and storage has to be defined. In grid connected systems the system
dimension is influenced by the available space for the solar cells. For German solar radiation it can be
assessed that for 1 kW requires a space of 8.5 - 10m2. Moreover, the impact of the PV systems for the
overall energy system of the building is to be analysed. The systems might reduce the passive solar
gains of the building and diminishes the variety for solar thermal devices.
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Architectural level
The solar cells are very eye catching and therefore require a careful architectural integration. On the
building envelope they are a very visible component of the building design which vary significantly
between the different positions of the spectator. When installed in semi-transparent applications the
solar cells additionally have a strong impact on the inside lightning. The various possibilities of PV
systems in colour, shape and size give the architect a whole set of design options.

Figure 29
A 6 kWp golden colour PV array in the southern façade of
the Corinthia Panorama Hotel in Prague, Czech Republic

Design of integrated PV systems
The solar cell under radiation builds up a maximum voltage of 0,5 – 0,6 V for crystalline silicon and
0,6 – 0,9 V for amorphous silicon. This voltage is independent from the amount of radiation. The
electric current on the other side depends on the solar cell size and raises in direct proportion with the
enhance of solar radiation. Over a certain limit the raise of electric current at the same time declines the
system voltage.
The energy productivity is a multiplication from voltage and current. The Maximum Power Point
(MPP) for each module has to be defined individually as can be seen in the following example:
As seen before the individual performance of PV systems has to be analysed carefully. For the design
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Figure 30
I-V curve of string 5. The MPP is indicated with a large +.
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of the specific PV installation, the particular performance of the technology applied is important to
know. Currently the EU programme PV-Certification is preparing a European wide labelling for PV
installations [18].

Figure 31
Draft of the PV gap quality
label for PV systems

Radiation and temperature play a major role on the performance of PV systems. As general guideline it
can be assessed that the power gain declines by 0.4 – 0.5 % per one Kelvin raise in temperature.
Therefore, either natural or mechanical ventilation of the system is required.
Natural shading has serious effects on the performance of PV systems, since under shading solar cells
turn from a power producer to a power consumer (so-called hot spot effect). When combined in PV
modules already the shading on few cells leads to a over average decline of power production. If
shading is unavoidable, the hot spot effects can be prevented by installing bypass diodes. Those
expensive features bridge shaded or broken cells and thus avoid the above average power decline. A
very innovative technical option is to use magnetic transfer of the electric current on the module level
[18]. Amorphous silicon cells because of their larger sizes are less vulnerable to shading decline.
Building integrated PV systems offer several possibilities to reduce shading, namely:
- Avoiding of exponent building parts like chimney or antennas.
- Pay special attention to shading issues in the construction of the PV system
- Plant trees at a solid distance from the building to avoid shading and fallen leaves.
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3:6

Natural ventilation

Ventilation, or the provision of fresh air, is required in homes for comfort, health and to counteract
condensation, by removal of micro organisms, other indoor air contaminants and moisture. (It is also
necessary for combustion appliances.) Efforts to increase energy efficiency and minimise heat loss,
however, have led to increasingly airtight buildings, which can, in turn, lead to a build up of
contaminants. If ventilation is too restricted, there is potential for increasing damage caused by
condensation on cold surfaces. At the same time, the number of pollutants and possible allergens is
growing with the use of more new materials in buildings, finishes and furnishings, the effects and
combined effects of which are not fully known.
Air movement is part of the requirement for thermal comfort and natural ventilation is a passive
comfort measure that can be provided by the building envelope. In warm climates or seasons, natural
ventilation can be used as a cooling strategy. Ventilation strategies include single-sided ventilation,
cross ventilation and stack ventilation, all depending on air movement induced by pressure and
temperature differentials. The choice of strategy would impose constraints on building depth or floorto-floor heights. The building shape and surrounding landscape can affect ventilation rates as well as
the meteorological variables: wind speed, wind direction and air temperature. Building orientation and
site layouts for apartment blocks, for example, can either encourage through ventilation for cooling
purposes or protect the buildings against heat loss. Positions and airflow characteristics of all openings
must also be considered, but the influence of occupant behaviour, such as window opening, although
significant, is difficult to predict.
Ventilation openings should be carefully designed and controllable (rather than fortuitously occurring
in the building fabric) so that, during the heating season, any advantages of insulation or preheated
incoming air are not lost. On cold, windy days, air change rates in poorly sealed or leaky buildings will
be affected by both outdoor temperature and wind, potentially causing too much ventilation. Air
movement through the building envelope itself can also carry more moisture than is likely through
diffusion. This can both reduce the insulating effect of materials and accelerate their deterioration
through the increased possibility of interstitial condensation [19].
Effective ventilation is therefore best provided by eliminating uncontrollable air leakage, which can
occur, often unnoticed, through gaps around window and door openings, at junctions between floors
and walls and where services and fittings penetrate the building fabric. In typical UK dwellings,
ventilation can be responsible for around 25% of the total heat loss while, in a well-insulated dwelling,
it can cause as much as 50% of heat loss [20]. One of the most effective methods to reduce air leakage
is a continuous air or air/vapour barrier, which needs careful installation and sealing at all openings.
The UK Building Regulations provide a quantifiable method of assessing satisfactory levels of air
infiltration, requiring that the air permeability of a dwelling should not exceed 10 cu m/hr/sq m external
surface area at an applied pressure of 50 pascals.
Passive stack ventilation is a system of natural ventilation that uses vertical ‘stack’ ducts through which
moist or contaminated air is expelled from a building, the air movement being created by pressure
differentials. When external wind speeds are low, then convection is the primary operating force. The
best flow rates have been found from maximising the vertical distance between the inlet and exhaust
openings [21]. This system is suitable for domestic situations, requiring only simple exhaust ductwork
from kitchens and bathrooms to roof vents, while fresh air is drawn in through ‘trickle’ window
ventilators in all rooms. It is inexpensive compared with mechanical ventilation, requires little
maintenance and uses no energy.
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Control of ventilation rates depends on the building being airtight. It is possible to use a humidity
sensor that will open a damper in the outlet to increase the flow rate above a constant background rate
when, for example, humidity in the kitchen or bathroom is raised. Ductwork through unheated roof
spaces should be insulated to prevent condensation and maintain the convection process. Insulating the
top part of the exhaust may also be necessary to avoid problems of noise transmission (of rain, aircraft
noise, for example) down the ducts. Draughts are possible from trickle vents, but incoming fresh air
may alternatively be pre-heated by ambient heat gain, or other means and provided through centrally
located supply ducts [21]. To avoid discomfort there should be a maximum temperature difference of
10°C between the supply and the room air temperature.
Dwellings require both background ventilation for fresh air provision and rapid ventilation to remove
steam, smoke and odours. Most European countries have statutory requirements for rapid ventilation in
kitchens and bathrooms, where mechanical ventilation is either specified or must be assumed from the
rapid ventilation rates required. However, in France, England and Wales, passive stack ventilation is
specifically allowed as an alternative to mechanical systems [22]. For habitable rooms, the most
common form of requirement is for the area of opening windows relative to floor area. Airflow rates
are specified instead in the Netherlands and in Sweden, while in the UK, from particular concern for
condensation problems, trickle ventilators are required as well as window openings [22].

Figure 32
Trickle ventilators
domestic windows

in

It is possible to use light pipes (see 3:1 Daylighting) combined with passive ventilators, which are
supplied in different sizes for domestic use, according to the room size. The ventilator consists of a
circular ventilated area with separated internal segments, surrounding the sun pipe, and also works on
the ‘stack effect’ principle. According to the manufacturers, Monodraught Ltd, the windward side of
the system draws fresh air through weather-protected louvres down into the room below, slightly
pressurising the internal space, while the leeward side acts as a passive stack to remove stale air.
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3:7

Thermal mass

Use of thermal mass in buildings can form part of a passive design approach, where energy
requirements are potentially reduced through the selection and positioning of certain building materials
within the fabric. The thermal storage capacity of these materials can be used for slowing down
temperature change through external elements, or for storing daytime heat gain for delayed emission
into the building at night when outside temperatures are cooler. In non-domestic buildings this
attribute can also be used for night-time cooling of overheated construction.
Typically, materials appropriate for these situations are dense materials, such as natural stone, concrete,
brick or even water. Their high heat storage capacity slows down the temperature change through the
material, this effect being known as the “time-lag” of the construction. For this reason, heavyweight
buildings, built from dense materials, behave differently from lightweight construction and may be
more appropriate in some climates than others. For example, where there is a high range of
temperature throughout the day, a heavyweight building can cause indoor temperatures to lag behind
the outdoor variation, which reduces temperature fluctuation inside the building, as long an appropriate
time lag (8 - 14 hours) is achieved.
In the domestic situation, a floor using high thermal mass materials can be designed to make use of
direct solar gain in a conservatory or sunspace, for example. Carpet finishes should be avoided over
the area exposed to sunlight and dark colours for the floor surface assist the heat absorption. It is
principally the first 100mm of floor thickness that takes up heat and then emits it over the normal daily
cycle of heat flux. Insulation layers should be placed below and at the edges of the floor. As long as
they are also exposed to sunlight, internal walls surrounding the sunspace can be used similarly to
provide thermal inertia and reduce temperature fluctuations. If the space is otherwise unheated, it may
be used as a buffer space, moderating the temperature between the outside and the rest of the building
during the cold season.
The same principle can be employed utilising
indirect solar gain. In this case a south-facing high
thermal mass exterior wall is placed behind glazing.
external glass layer helps to reduce heat loss
outwards from the warmed wall, which acts as a
collector and gradually transmits heat to the space
behind. In domestic situations, this would typically
200-300mm thick masonry with an area of 15-20%
floor area of the space being heated.

The
solar
be
a
of the

Figure 33
Interior view of Trombe wall
(photo:E.Maldonado)
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The construction known as a Trombe wall, or Trombe-Michel wall is similar, but with openings
provided at low and high level in the wall. These
allow air from the room behind to circulate up
between the warmed wall and the glass and back
into the room, heating by convection. This system
increases the effectiveness of the device where
there are inconsistent levels of solar radiation. At
night, heating is by both convection and radiation
from the warm inner surface of the wall, when the
air vents would be closed. In summer, the wall can
be used to promote cooling ventilation. The room
air is allowed into the gap at low level and then to
the outside through an opening in the glazing at
high level, while air is drawn into the room from
the opposite, cooler side of the building, also at
high level. The thickness of the wall would depend
Figure 34
on the material used (potentially 250 – 500mm),
Exterior view of Trombe wall construction
with a 50-100mm gap between the wall and the
(photo: E.Maldonado)
glass, although a larger gap may be preferred for
access to clean the glazing [23]. It is possible to use transparent insulation materials (TIM) in place of
glass, which would further reduce heat loss from the outer face of the wall.
This wall type must face south (to within 10 or 20° east or west) and be exposed to direct solar
radiation so it is particularly suitable for south facing slopes at high altitudes. It does not work
particularly well in cloudy climates with short winter days [24] and, in more northerly climates, care
should be taken that there is no obstruction of low level winter sun by adjacent buildings or landscape
features. Insulated shutters should be used at night to prevent outward heat loss through the glazing.
External shading is needed to prevent overheating in the summer, especially in Mediterranean climates.
Taking account of limitations according to geographical location, the Trombe wall is suitable for
residential applications because internal heat gain can be delayed to the afternoon and evening, which
is appropriate for most domestic heating requirements. However, it may be regarded as presenting
problems for aesthetic or design reasons, in that opportunities for south-facing window openings and
views are limited and because a dark external finish is necessary for the wall to optimise its absorption
properties. It can also be expensive because of the cost of materials [23].

Figure 35
Trombe wall feature
(photo:E.Maldonado)
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3:8

Thermal comfort in new-build housing

The need for building occupants to be comfortable is an important starting point for any building
designer. It is important for three principal reasons:
1. The success of the building will largely be judged by the comfort of its occupants. In particular
being neither to too warm nor too cold (thermal discomfort) is a major source of dissatisfaction
with a building.
2. The energy used in a heated (or cooled) house depends critically on the temperature difference
between the inside and the outside. The decision on what indoor temperature to provide is therefore
critical.
3. If occupants are uncomfortable, they will take steps to restore their comfort. These steps may
involve the use of energy (a supplementary heater for instance) and thereby reduce the energy
efficiency of the house.
Defining the exact temperature to provide in a home is a problem. In offices for instance, there are
well-defined methods for doing this, but in homes the problem is different. Thus in the workplace the
clothing to be worn, the activity to be performed and very often the temperature to be provided are
defined by the working context. At home, however, these constraints do not apply. Thus Nevrala, in a
survey of housing in Prague [25] found that few (3%) found their house uncomfortable, but indoor
temperatures that ranged from 18 - 23oC. People were setting indoor temperatures to suit themselves,
and this differed from person to person and from family to family.
This changes the provision of thermal comfort in homes from providing a particular temperature to
providing the ability to decide the temperature. In other words to the provision of what Nick Baker [26]
described as the ‘adaptive opportunity’ to make oneself comfortable according to the occupants’
individual needs.
In the heating season (or the cooling season in buildings with mechanical cooling) the need is then to
provide sufficient warmth (or ‘coolth’) to ensure the desired indoor temperature can be achieved within
the acceptable energy budget of the household. From the point of view of both energy saving and cost,
the designer should minimise the energy needed to achieve this goal.
When designing a new dwelling it is important to provide a building which will be comfortable without
the use of energy for heating or cooling for as much of the time as possible. When a building is neither
heated nor cooled it is described as ‘free-running’. A free-running building will heat up and cool down
in response to the weather but at a rate and extent decided by its shape and other characteristics. The
passive methods for heating and cooling presented in this document are aimed at achieving comfort
without the use of energy.
The indoor conditions in a building are decided by the climate. So too are the conditions which local
people will find comfortable. The reasons for this are not entirely clear, but they relate to the effect the
climate has on the prevailing culture (clothing for instance) or the design of buildings. Nevertheless this
means the temperature which people will be ‘most likely’ to find comfortable in free-running building
will depend on the climate and the weather. Humphreys has shown [27] that this temperature, Tc is
governed by the relationship:
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Tc = 0.53 To + 11.9
where To is the mean outdoor temperature2. Note that To is not the instantaneous value, but the mean of
the outdoor temperature over the last few days (because it takes people time to adjust to a change).
Very often it is possible to get the monthly mean of the outdoor temperature from a local met station,
and this can be used. Note also that Tc will very from month to month as the mean outdoor temperature
varies. Nicol [28] has suggested a graphical method of displaying the comfort temperature to allow a
designer to assess whether a passive heating or cooling strategy is likely to be successful.
The ‘Nicol graph’ shows the mean outdoor temperature for each month of the year and the comfort
temperature calculated from it using the equation above. In addition the Nicol graph shows the
expected extent of daily temperature variation by including the daily mean Maximum and minimum
temperatures for each month. Thus the Nicol Graph characterises the relationship between the comfort
temperature and the outdoor temperature to suggest ways in which the building might meet comfort
requirements using simple passive techniques.
Nicol Graph for Athens
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There is a problem when the comfort temperature calculated for free-running buildings falls below a
level which is consistent with current practice. Thus in Fig 1 the comfort temperature in Greece is
shown as falling below 20oC for four months of the year. At these times it is likely that buildings will
be heated and consequently the building will be controlled by occupants to a temperature which suits
them.

2

Thus if the mean outdoor temperature is 25oC, the comfort temperature will be 0.53 * 25 + 11.9 = 25.2 oC
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3:9

Health and comfort issues and the building envelope

Renewable energy use has implications for health benefits on a number of counts. If it helps to
ameliorate climate change, then potential health problems resulting from anticipated hotter summers
and more unpredictable or extreme weather events might, to some extent, be prevented. Moreover,
there are health, comfort and well-being issues arising from aspects of the indoor climate as they are
modified by the building envelope and which can be influenced by a design approach based on the use
of renewable energy.
Health is defined by the World Health Organisation as being “not merely the absence of disease and
infirmity, but a state of complete physical, mental and social well-being.” [29]. If the holistic concept
of health is accepted, designers should aim not only to avoid potential sources of ill effect on health,
but also to create building environments that actively promote positive feelings of comfort. The
following environmental aspects need to be considered with regard to issues of well-being and the role
of the building envelope.
Daylight and sunlight
Sunlight has significant physiological and psychological benefits for health and well-being. Mant and
Muir Gray claimed that dwellings should have windows and access to sunlight on humanitarian
grounds [30]. In Sweden there are statutory requirements for dwellings to have access to direct
sunlight, while in both Germany and Italy (Bologna) there is prohibition of dwellings having only
north-facing windows [22]. Seasonal Affective Disorder (SAD) is known to affect people during
winter months when access to sunlight is limited and hormonal secretions are affected. It can be
treated with exposure to significant light levels. It is therefore important to consider design to provide
access to sunlight, particularly in northern climates, although avoiding glare may be more of a concern
in Mediterranean regions.
Windows give direct contact with the outside world. In Norway and the Netherlands, windows are
stipulated for habitable rooms to give both adequate daylighting and an outside view [22]. Research
has also shown that daylight is overwhelmingly preferred to electric light, which is perceived as for
health reasons, while Mant and Muir Gray assume that windows are necessary, although without
scientific proof [30]. Insufficient lighting leads to accidents, particularly in the home and especially
among the elderly. Lowry claimed that this problem is underestimated, two thirds of British homes
being inadequately lit [31]. This is a health hazard that can be exacerbated for older people whose
reflexes may be slowed down and co-ordination affected if they are also suffering from cold due to low
indoor temperatures.
Temperature
Cold exacerbates certain illnesses; in particular, circulatory and respiratory diseases. This is indicated
by high numbers of excess winter deaths in the UK (by comparison with other similar or colder
climates) and which are thought to be related to low indoor winter temperatures [32]. Population
groups particularly vulnerable to the cold are older people, the disabled and the very young.

Most people perceive discomfort when indoor temperatures drop below 18°C and there is increased
risk of respiratory infection below 16°C. Cold can lead to raised blood pressure, so that below 12°C
there is increased strain on the cardiovascular system, which can cause strokes. This becomes
especially problematic below 9°C [30], while at lower temperatures still, there is the additional risk of
hypothermia. Fluctuating temperatures, which can occur when moving between warm and cold rooms,
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can also cause thermal stress and exacerbate circulatory disease. It is better, however, to go out into the
cold from a warm house than from a cold one [33]. A well-insulated house is easier to keep warm,
affordably, with less variation of temperature between rooms, than one with poor insulation and a leaky
building fabric.
Heat strain can also cause death and, although this is not a common problem in the UK, mortality does
increase among the elderly when temperatures rise above 25°C. This could become a more significant
problem as global warming takes place, particularly so in more southern climates, with implications for
summer cooling and ventilation strategies.
Humidity

Humidity is a further aspect of thermal comfort. Damp air itself is apparently beneficial to health [30].
However, above certain levels of humidity the growth of mites and moulds is more likely, which may
cause allergic response and respiratory problems. Condensation of moisture on cold surfaces further
encourages mould growth, requiring that insulation and avoidance of thermal bridges in the external
structure be considered. Ventilation is also important in the control of humidity but since dampness is
often associated with inability to afford sufficient heating, it is important that ventilation systems are
designed to avoid creating cold draughts. Otherwise, residents may be motivated to block up
background ventilation openings (such as trickle ventilators) and further exacerbate the problem.
For health considerations, above 70% relative humidity, mite and mould growth flourishes and
condensation is likely. Below 40%, dryness of air can inhibit respiratory defences and cause increased
respiratory infection or discomfort. About 50% relative humidity is preferable [30]. From a comfort
point of view, damp air feels cooler than dry air at the same temperature because more radiant heat
from the body is absorbed by the moisture in the air, which has greater conductivity and thermal
capacity than dry air.
Ventilation

Ventilation is closely connected with thermal comfort, which requires variable air movement – at face
level in preference to floor level (where it is more likely to be felt as a draught than fresh air). Good
ventilation promotes physiological and psychological functioning and engenders a sense of well-being
and comfort. Insufficient ventilation causes some people to feel oppressed and fatigued.
The move for greater thermal efficiency in cold climates is having the effect of reduced ventilation and
better-sealed buildings. Now that central heating is widespread, there are no longer open flues built
into housing. Air, being the medium for heat in convective systems, must be kept inside the building,
which then needs to be more airtight. This both exacerbates the problem of condensation and leads to
concentration of indoor air pollutants and allergens. House dust mites are strongly associated with
asthma and thrive in the warm, humid conditions that can arise from central heating and poor
ventilation. In hot climates, reducing the area of window openings to avoid overheating problems may
produce the same effect of reduced ventilation. A balance must be sought between control of air
leakage through the building fabric and promotion of sufficient ventilation for health and well-being.
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1. Introduction

Sustainable energy supply systems and mainly the use of district heating and cooling systems based on
the use of renewable energies like solar and biomass or the use of waste heat, is the major tool to
introduce clean and sustainable energy in cities. Produced energy may supply the residential sector,
industry, urban agriculture, and any other sector requiring hot or cold water.
District heating and cooling consist of a heat production unit using one or more energy sources, a heat
transmission pipeline, a heat distribution network and finally the network of the consumers. May be
very large systems supplying a whole city or small and medium systems able to supply some building
blocks or districts. During recent years, important developments have been achieved concerning the
used heat production technologies and the management of the networks, increasing considerably the
overall efficiency of the systems.
District cooling brings cool into the buildings (by way of chilled water), and avoids a number of
distributed air conditioners with poor performance and high cost. It pays itself on economies of scale
but brings large energy and environmental advantages. Both district heating and cooling provide
opportunities to significantly reduce electrical consumption, peak electricity load, and thus pollutant
emissions. District systems have gained an increasing acceptance. In some countries, particularly
Denmark, Finland and Sweden, market penetration in relation to total space heating needs is very high,
(up to 50 %). District cooling systems have also penetrated very rapidly in the market, mainly in US
and in Scandinavian countries.
The present chapter aims to present the basic technological aspects of district heating and cooling
systems. In parallel, aims to present the existing market penetration of these systems and discuss their
main advantages and disadvantages. Finally, aims to assess the possible energy benefits and gains from
the possible use of district systems.
2. Market Penetration of District Heating and Cooling Systems
It was in 1877, at Lockport in New York, US, where the first district heating system was installed by
Birdsill Holly. The total length of the network was 2 km and has supplied 14 musltistorey buildings.
The first district heating system downtown New York was installed during 1882 – 1883. By 1932,
more than 300 American and Canadian cities have district heating systems to supply hot water for
heating. Actually, the more important system is the one of New York with 4 central production units,
61 km of supply network and 2000 clients.
In Europe, the first district heating system was installed in Dresden, Germany at the beginning of the
last century, 1900. Other German cities followed, like Hamburg in 1921, Kiel and Bremen in 1922, etc.
In the 80’s the total installed heat production capacity for district heating in the IEA region was close
122,000 MWth, mostly concentrated in Denmark, Finland, Germany, Sweden and the United States.
Installed capacity in Europe was 82,000 MWth, together with 40,000 MWth in the United States.
Combined production linked to district heating systems was very prevalent in Europe and accounted for
36% of installed heat capacity. During the 90s, installed heat production capacity in Europe has been
increased and was close to 110,000 MWth.. For the United States, installed capacity has almost
doubled to 80,000 MWth. Thus, the total installed capacity is close to 250,000 MWth in the IEA
region.. This was the result of a total additional investment in district heating and combined heat and
power of about US$38bn, assuming a global cost of US$300 per kWth.
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In our days, district heating is supplied to over 22 million people in Europe, and 100 million people in
the Greater Europe. The maximum heat output capacity in European Union countries, is close to
141000 MWth, (1), 45000 of which is installed in Germany, and 29000 in Sweden. The use of district
heating systems result in significant energy savings, of closes 10 Mtoe of primary energy per year. This
represents 0.5% of total primary energy supply, or import savings of about US$2bn annually.
The development of district heat capacity and production in EU countries was important during the
very last years. As shown in Table 1, (1), in the period 1994-199, the maximum heat capacity has been
increased by 1.6 %, while the heat delivered to the pipeline system has been increased by 2.4 %. The
fact that the production has increased more than the capacity built up indicate a more efficient use of
the equipment.
Maximum
Heat Output
Capacity

Change
1994-1999

Heat Delivered
to the pipeline
system

1999

Change
1995-1999

1999

MWth

%

GWh

%

Austria

6000

17.6

11893

34.6

Denmark

17500

15.9

31200

10.1

Finland

17810

9.4

28790

7.2

France

18298

-14.6

27446

-17.1

Germany

44889

-3.7

92047

-2.8

Italy

2911

40.4

4371

89.6

Netherlands

4310

10.4

6400

39.3

Sweden

29000

3.4

46535

5.1

Total

140718

Change

2190

248688
1.6

5723

2.4

Table 1. Development of District heat capacity and production in the EU countries, (1994-1999), (1).
In Central and Eastern European Countries, district heating has a very important market share, Figure
1, (1). In Russia, district heating systems covers almost 70 % of the heating market while the produced
heat is close to 465 TWh.
District heating systems generate an important revenue in Europe. It is estimated that the sales of heat
alone amounts to over 10.5 billion Euros, (1). The cost of the delivered energy, varies substantially in
the various European countries as a function of the local energy policy. The average prices as well as
the generated revenue in selected European countries is given in Table 2., (1)
Average Price ex VAT

Total ex VAT
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Euros/ MWh

Min Euros

Austria

44,7

465,4

Denmark

51,0

1352,5

Finland

31,0

834,5

France

35,8

834,8

Germany

48,7

3919,3

Greece

25,3

6,8

Italy

71,.3

264,8

Netherlands

40,4

242,2

Sweden

41,0

1774,4

United Kingdom

35,8

834,8

Total

10529,4

Estimated Total Revenue

10529,4

Table 2. Average prices and revenue from district heating in EU, 1999, (1).
District cooling systems, (DCS), has mainly developed in the United States and present a number of
very important advantages. During the recent years, important district cooling networks have been
installed in Europe, Figure 2, (2). The maximum district cooling capacity installed in European Union
countries is close to 762 MWc, mainly installed in Northern European countries, like Sweden,
Germany, France and UK, (3). The main characteristics of some European (DCS) are given in Table 3,
(2)
Site

L (km)

P (MW)

P/L (KW/m)
3

Energy
(MWh)
154000

Energy
/Power (h)
1200

Central
Paris
Gothenburg
Stockholm
La Defence
Lyon
Lisbon
Small
Swedish
Projects
Small
French
Projects

40

125

---10
10
10
20
1-5

12
60
123
36
60
3-16

--6
12.3
3.6
3
3

n.a.
40000
145000
n.a.
n.a.
n.a.

n.a.
670
1200
n.a.
n.a.
n.a.

2-12

12-36

3-6

n.a.

n.a.

Table 3. Main Characteristics of some district cooling systems in Europe.
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District cooling has gained increasing acceptance in Sweden, where the first Swedish district cooling
network started in 1992. By the end of 2000, 25 district cooling networks were in operation. During
2000 the networks supplied around 340 GWh of district cooling, (Figure 3), (4). In parallel, district
cooling systems are installed in the other Northern countries like Norway with 9 MWe, Finland with
1.5 MWe and Denmark with almost 0.9 MWe.
In France, there are twelve main district cooling networks, totalling more than 450 MW. Most of the
systems are in the major Paris area, while important networks exist in Lyon, Montpellier , Monaco and
Bordeaux. The more important network is the one installed in La Defence , Paris, where electricity is
used for the production of chilled water. The installed power of that system is close to 243 MWc.
In Germany, there are 7 district cooling networks operating with absorption chillers connected to an
existing DHS. Systems are installed in Berlin, Bremen, Chemnitz, Dresden, Hamburg, Hanover and
Kassel . The one with the maximum capacity is that installed in Chemnitz with 6 MWc of power.
In United Kingdom there are two main district cooling networks, one in the Channel of 28.2 Mwe and a
second one in Heathrow airport with 35 Mwe. Both systems use electricity as primary energy.
In Southern Europe, district cooling systems have been installed in Portugal, Spain and Italy. In
Portugal, the network is recently installed in the area of Lisbon Expo 98, with a total capacity of 22
Mwe, while it uses electricity and steam as primary energy. In Spain there are two systems. One in
Barcelone of 5.8 MWe using steam as a primary energy and a second one in Valladolid, of 2 MWe
using hot water and electricity. Finally, there are 4 district cooling systems in Italy. One installed in the
Bologna University of 2 MWe, a second in Genova of the same installed power, a third in Regio Emilla
of 2.8 MWe and a last one in Vincenza, (3).
In the United States, there are more than 1000 district cooling systems installed. There are 56 major
DCS, most of them , thirty three, are installed in commercial buildings, ten in Universities, two in
hospitals, four in airports, and six in other institutions. The maximum cooling capacity is installed in
the International Business Center in New York, (almost 170 MWc), while important systems are those
installed in the Pentagon, Washington, at the Capitole, at Hardford in Connecticut and at the University
of North Carolina in Chappel Hill.
In Japan, district cooling present a major source for supply of cooling in buildings. The installed
capacity exceeds, 723 MWc, while in the States the installed capacity exceeds 1900 MWc. (3).
3. Technological Aspects
The energy production system, the heat distribution pipeline, the distribution network and the network
of the clients compose district energy systems, (Figure 4). Many sources of energy and different types
of fuels may be used, while the distribution media may be hot or cold water or steam. District energy
systems may involve combined heat and power techniques for the simultaneous production of heat and
electricity.
In the following the main technological aspects that characterize a district energy system are presented.
3.1 Heat Production Techniques
3.1.1 District Heating Systems
In district heating systems, the hot water or the steam may be produced in heating-only boilers and
turbines, in combined heat and power production plants, by using refuse incineration plants, by using
renewable energy sources like solar heat or geothermal energy, by waste heat recovery from various
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types of plants or the industry, or by using any other heat source combined with heat pumps, like lowtemperature water streams. In parallel, combination of the above systems may be used.
Small scale district heating systems are mainly based on the use of hot water boilers combined with the
necessary auxiliary equipment like the burners and the controls. The size of boilers may range from 1
MWth to 15 MWth, and usually are fired by oil, gas and coal and present a mean efficiency close to 90
%. The use of biomass, (wood or peat), is also possible. In many cases, boilers can be coupled with
waste heat recovery or refuse incineration systems with heat recovery. These systems may be used in
many urban areas where waste disposal is high. Actually, there are more than 350 municipal waste
incinerators and most of them are installed in Central Europe.
In plants using combined heat and power units, usually electricity is produced and the waste heat is
recovered. In some cases heat is first produced and used to cover a given thermal load, while the
exhaust heat is used to produce electricity. In such systems, heat is mainly generated in extraction and
back pressure steam turbines by using coal or gas fired turbines ranging from 30 Mwe to 350 Mwe.
Other types of machines like diesel systems and combined cycle turbines may be used as well.
Primary energy used in district heating systems in Europe is mainly coal, oil, natural gas, refuse and
waste, renewables and other sources. The primary energy used for district heating and CHP production
in EU countries during the period 1994-1999 is given in Figure 5, (1). As reported, the use of coal and
oil has been reduced while natural gas has become the choice for district heating systems.
3.1.1 District Cooling Systems
In district cooling systems, chilled water is produced by using either compression water chillers or
absorption technologies. Alternative technologies to produce chilled water are : the so called deep
water source cooling, free cooling techniques, adsorption chillers, gas expansion technologies, etc, (3)
3.1.1.1 Compression Systems
Compression technologies are based on the well known compression cooling cycle machines composed
mainly by a compressor, a condenser, an expansion valve and an evaporator. Three are the main types
of compressors used : The reciprocating compressors, the screw type compressors and the centrifugal
compressors. Reciprocating compressors are used in small capacities under 1.5 MW, while screw type
compressors are appropriate larger district cooling applications , up to 7 MW. Finally, centrifugal
compressors are the most suitable for district cooling systems. Their capacity goes up to 25 MW. An
important advantage of the centrifugal compressors is that can adapt to fluctuating loads until a
minimum of 40 % of their nominal power.
Compression chillers are usually electrically driven. However, steam turbine drives are in use in US,
where heat from industrial processes or incineration plants is used. Refrigerants used in compression
cycle applications are selected according to the new international conventions as well as the European
Directives on the selection of refrigerants. In general, refrigerants should present a very low or zero
Ozone Depletion Potential, while their Global Warming Potential should be as low as possible. The
Ozone depletion potential of some conventional and alternative refrigerants is given in Table 4,
(Adapted from 3, original reference 5). Research on alternative refrigerants is important, and new fluids
have been proposed recently. Ammonia, is a very interesting solution, as it does not affect the
stratospheric ozone, but it has toxic effects in case of leakages.
Refrigerant Fluid

ODP

referred

to Refrigerant Fluid

ODP

referred

to
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R11

R11

R 11

1

C02

0

R 12

0.9-1

R 123

0.013-0.022

R 22

0.04-0.06

R 124

0.016-0.024

R 23

0

R 125

0

R 32

0

R 134a

0

R 113

0.8-0.9

R 141b

0.07-0.11

R 114

0.6-0.8

R 142b

0.05-0.06

R 115

0.3-0.5

R 143b

0

R 13B1

7.8 –13.2

R 152 a

0

NH3

0

R 500

0.66-0.74

H20

0

R 502

0.17-0.28

Propane

0

Table 4. Ozone depletion potential of different refrigerant fluids, (Adapted from 3, original reference
5).
3.1.1.2 Absorption Systems
Absorption technologies is based on the use of heat as a primary energy to produce chilled water
instead of mechanical rotation used in compression chillers. The basic configuration of a one stage
absorption cycle is given in Figure 5. The cycle is based by an absorber where fluid under low
evaporation pressure is absorbed, a generator where the solution of refrigerant/absorbent is boiled, the
condenser, the evaporator , heat exchangers and pumps. Steam or hot water may be used as the heat
source. Two stage absorption chillers are also available. District heating systems may be coupled with
district cooling systems to supply the necessary heat. Figure 6 shows the diagram of the coupled district
heating and cooling network in Helsinki, Finland, (6).
The efficiency of the absorption systems varies highly as a function of the temperature of the heat
medium in use. The lower the temperature of the driving energy, the lower the efficiency of the system.
Absorption systems are available for a range of cooling power close to 6 MWe. An important
advantage of these systems is their ability to operate between 10 to 100 % of their nominal power, thus,
to be easily adapted to the fluctuating demand of the district cooling networks. A major disadvantage is
the long time required to start up and shut down the chiller.
A very interesting comparison between the commercially available compression and absorption chillers
is given in (3). Table 5, summarises these technical characteristics, (3). As shown, absorption chillers
are available in lower capacities and present a much lower COP than the compression chillers. On the
contrary, the later consumes large amounts of primary energy mainly because of the compressor.
Chiller Technology
Compression Chillers

Absorption Chillers
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Parameter

Reciprocating

Primary
Energy

Screw

Centrifuga One – Stage
l

Two - Stage

Rotation work Rotation
work

Rotation
work

Hot water

Steam
or
fire, T >
170 C

Fluids

R134a,
HCFC, NH3

R134a,
HCFC,
NH3

R134a,
HCFC,
NH3

H20,
with H20, with
LiBr,
NH3 LiBr, NH3
with H20
with H20

COP

4-6

4-6

Up to 5.5

0.6-0.75

1.2

Range MW

0 to 1.5

0.3 to 7

0.5 to 25

0.1 to 5.8

0.1 to 5.3

Surface on 0.006 to 0.016 0.006
ground
0.016
m2/KW

to 0.006
0.016

65C<T<80 C

to 0.01 to 0.03

Weight on 5.2 to 9.1
ground
kg/Kw

5.2 to 9.1

5.2 to 9.1

8.5 to 22

Qrecooling/ 1.2 to 1.25
Q cooling

1.2 to 1.25 1.2 to 1.25 1.91 to 2.5

0.01 to 0.03

8.5 to 22

1.91 to 2.5

Table 5. Comparison between compression and absorption chillers, (3).
3.1.1.3 Sea Water Systems
Sea water or deep water source cooling, is based on the use of cold water of the sea or of a lake to cool
water circulated in buildings. The basic principle is shown in Figure 7, (7). Cold water from the sea is
circulated through a heat exchanger, where it cools water that is circulated to cool buildings, Figure 8,
(7). The main components of the system are the sweater supply system, the heat exchanger, and the
fresh water distribution system. The heat exchanger is made from titanium to avoid corrosion from the
sea water. Counter plate heat exchangers are normally used, where sea water circulates through the
primary channel while the water to be distributed fluids in the secondary channel without any mixing.
The used sea water is rejected back to the sea.
Sea water cooling has important energy and environmental benefits as the use of energy used is
minimum. An interesting comparison between chiller based systems and sea water cooling based
systems has been provided in (3), Table 6. As shown, the energy used by the sea water systems is
almost 7-8 times lower.
Source

Units

Chiller

KWe/kWc 186 10-3

Chiller

water

Chiller
system

pumps KWe/kWc 20 10-3

based Deep water source cooling
based system
0
20 10-3
84

(assumes a 30 m pump
head requirement)
Lake or ocean water KWe/kWc -----------------pumps, (assumes a 30 m
pump head requirement)

14 10-3

Condenser water pumps

KWe/kWc 28 10-3

0

Cooling tower fans

KWe/kWc 9 10-3

0

Total

KWe/kWc 243 10-3

34 10-3

Table 6. Relative energy consumption : Sea water source cooling versus chiller based systems, (3).
3.1.1.4 Adsorption Systems
In adsorption systems the refrigerant is adsorbed by a solid hydroscopic material like silica-gel. This
procedure continues until the hydroscopic material reaches a saturation level. Then, the system is
switched to heating mode in order to bring the water vapour out of the hydroscopic material.
Hot water of about 80-100 C is mainly used as a primary heat source. The COP of such a system is
around 0.7
3.1.1.5 Active Solar Systems
District heating and cooling installations using renewable energies are constantly increasing in Europe.
Annual energy growth of the renewable’s contribution is close to 10-15 %, (1). Figure 9, shows the
distribution of the primary energy used in European Union for district heat and CHP production, (1).
As shown, renewables contribute almost the 9.5 % of the primary energy, while waste heat offer almost
12 %, (1). In many European countries the potential for use of renewables for district heating systems
is very high, while the number of settlements supplied by district heating networks is continuously
increasing. Table 7 reports the energy delivered as well as the type of fuel used in Sweden for district
heating applications. As shown more than 50 % of the energy is delivered by waste heat and renewable
energy sources, (4)
2000

1999

1998

Thermal energy delivered in TWh

41,4

43,3

43,0

Thermal power ordered in GW

24,2

23,3

23,5

Net production of thermal energy in

3,7

4,5

4,7

Installed electrical energy in GW

2,0

1,9

2,0

Use of fuel etc in TWh

51,1

53,8

56,6

- oil

3,0

5,8

6,8

- coal

3,7

4,4

5,2

- firewood

13,9

14,8

15,1

- pine oil

1,5

1,5

- refuse

5,5

5,4

5,5
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- refuse

5,5

5,4

5,5

- industrial waste heat

3,5

3,7

3,4

- electric boilers

1,8

1,4

1,5

- production from heat pumps

7,1

7,0

7,1

- peat

2,4

1,9

2,3

- natural gas

3,0

3,5

3,5

- other fuel, high-temperature water,
etc

5,8

4,5

6,1

12020

11180

10721

85

87

83

Length of distribution net in km
Efficiency in per cent

Table 7. Energy delivered and type of fuel used in district heating systems in Sweden, (4).
Solar district heating systems with a diurnal storage system have been developed in Europe, at total
costs between 200 to 600 EURO per m2 collector area, (8,9). There are three types of central Solar
Heating Plants. :
- the CSHPDS - Central Solar Heating Plant with Diurnal Storage
- the CSHPSS - Central Solar Heating Plant with Seasonal Storage, and
- the CSHPxS - Central Solar Heating Plant without Storage (i.e. direct connection to a heat distribution
network).
As stated in (10), under favourable cases, investment costs may be down to 250 Euro/m² of collector,
resulting in a solar heat cost of 0.06 Euro/kWh, for typical conditions. Examples with more than 100
m2 of solar collectors have been developed in Austria, Denmark, Germany, Greece, Italy, Sweden and
The Netherlands, Figure 10, (10). District heating systems based on solar energy with a seasonal
storage facility of about 1,500 m3 may cover more than 50% of the overall heating demand, i.e. space
heating and domestic hot water, Figure 11, (10) When solar district heating systems are combined with
waste heat or biomass may become very competitive from the economic point of view.
Actually in the European Union countries there are 65 plants of more than 500 m² of solar collectors in
operation making all together 110 000 m² and 50 MWth, of thermal output, (10). Information on the
most important solar large facilities is given in Annex 1., (10). The number of solar assisted plants
increases rapidly and more than 48 new plants have been put into operation since the beginning of
1995, (10). Most of the solar plants are installed in Sweden, 23, while Germany increases rapidly its
solar installations.
The European Large Scale Solar Heating Network, (10), has estimated the potential of solar based
district heating systems in Europe, (Table 8). As shown, the potential for large systems exceeds
59Mm2 of collectors, almost 14 Mm2 are for solar assisted district heating systems.
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Table 8. Estimated potential of collectors area in Europe involving solar district heating techniques.
3.1.1.6 Biomass Systems
Biomass assisted heating plants are also in operation in various central European countries, As stated in
(11), ‘Since the beginning of the 1980s up until the end of 1995, about 250 biomass local heating
networks have been built in Austria and more and more of these types of plants are continuously being
built and successfully operated. Especially due to the amount of wood available in Austria this method
is considered to be extremely interesting and also highly acceptable regarding the energetical
independence from energy politics.’ Biomass heating networks are coupled with solar systems to
provide hot water during the summer period and thus to avoid oversizing of the plant, (Figure 12),
However, biomass based systems are characterized by important drawbaks. The more important has to
do with the cost of the system as the capital cost of a solid biomass fired DH/CHP plant is 3-4 times
higher than that of gas or oil-fired plant. In parallel, it has to be pointed out that the fuel quality of the
biomass varies and the necessary control may increase the cost.
3.2 Heat Distribution Media
Hot water or steam are the main heat distribution media. European district heating networks are
operating using hot water below 150 C, while American networks are mainly based either on hot water
or steam above 175 C. Networks using low temperature water, above 90 C, has been tested recently
and present a number of important advantages and disadvantages. .
The main advantages of the low temperature networks are the use of low cost distribution and
transmission piping systems and the low cost of the connection with the clients. As the
temperature of the distributed hot water is low, heat losses are decreased and thus, less
insulation for the pipes is necessary while lower cost materials may be used and lower cost
installation methods may be employed. In parallel, low temperature distribution networks may
be directly connected to the building without the need of a heat exchanger., thus, reducing
substantially the connection cost. However, low temperature networks can not supply industrial
processes while is expensive to supply buildings fitted for steam distribution. In parallel, to be
connected with district cooling networks using absorption technologies, the temperature of the
water has to increase considerably.
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In moderate hot water distribution networks, the temperature of the water varies between 90 to
150 C. In these systems the temperature of the water varies as a function of the ambient
temperature. The higher the outdoor temperature the lower the supply water temperature. As a
function of the water temperature, heat exchangers between the network and the consumers may
be installed or not , reducing thus the capital cost of the system. In this case, additional pumping
stations and pressure-reduction valves may, be installed.
Steam or high temperature water networks, above 150 C, are more appropriate for industrial
processes or to supply buildings fitted with steam systems. These systems may be also easily
connected with absorption district cooling systems. It is evident that high temperature networks
are characterised by higher heat losses thus, the cost of the piping system is higher, while
expensive heat exchangers required to supply buildings. Also, the water inside the pipes has to
be treated in order to prevent corrosion Steam may be supplied at low, (< 2 bars), medium, (2-8
bars), or high pressures, (above 8 bars).
3.3 Heat Distribution Systems

Heat distribution systems include the piping, pumps, control and the interface with the
distribution system inside buildings. As a function of the hot water temperature heat exchangers
may be used or not. Important factors that determine the efficiency of the system as well as the
economics of the network are the heat demand density, the supply and return temperature and
the characteristics of the site. Lower return temperatures can be achieved by linking the space
heating and the hot water systems, by use of low-temperature heating systems, etc.
As mentioned above the temperature of the distribution system determines at a large extend the
cost of the system. The lower the distribution temperature the lower the cost of the piping
system. Also the cost depends on the density of the demand and it is evident that the higher the
density of the demand the lower the distribution cost.
Regarding the piping systems used, four main types of piping systems are in use;
- the single pipe systems which are mainly used for steam systems with no condensate return as
well as for geothermal sources, when the water is fed directly to sewage disposal systems.
- the two-pipe system: which is the most common piping system. Heat is provided in supply
pipe while the cold water is returned back through the second pipe;
- the three-pipe system: consists of a main supply and return piping together with a smaller
pipe for hot water. This system is not widely used.
- the four-pipe system: which use separate supply and return pipes for space heating and hot
water.
4. Advantages and Disadvantages of District Systems

Regarding district cooling systems, the more important advantage has to do with the dramatic decrease
of peak electricity load. As buildings served by the district cooling network do not present peak cooling
demand at the same time, the peak load line of district cooling systems is much smoother and thus there
is no need to over design the cooling capacity of the network. This results in substantial reductions of
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the capital and operational cost. In parallel, room and central air conditioning systems are designed to
meet the peak cooling conditions. Thus, for more than 90 % of the operation period perform out of the
nominal conditions, and for sure their efficiency is quite reduced. A good example is given in Figure
13, where the reduction of the peak electricity load in Cleveland is shown prior and after the integration
of a district cooling system in the city, (13) . However, the overall economics of district cooling
systems are highly depended on the density of the area they have to supply. Such a study, comparing
room, (RAC), and central air conditioners, (CAC), with District cooling systems has been performed in
the frame of the URBACOOL project, (2). As shown in Figure 14, district cooling techniques present a
much lower cost compared to (CAC) and (RAC) for increased urban densities
District energy systems are very efficient as operate at high efficiencies, can increase effective building
space, decrease operational, maintenance and capital cost of the user, and can improve indoor air
quality as do not generate any chemical or biological pollution in the building. In parallel, district
heating and cooling techniques when operated by Municipalities and Community authorities may be
the source of important of revenues for the local society. In Europe, most hot water district heating
systems operate at temperatures of 90° C-150° C (temperature of primary supply line). Higher
temperatures up to 175° C are common in the United States. At temperatures above 150° C heat
exchangers are always required.
5. Expected Energy Gains

The potential of district heating and cooling systems when combined with CHP is very high. A recent
analysis by Euroheat & Power, (1), has determined that the existing DHC/CHP systems, decrease EU
carbon emissions by 6%. It is also estimated that ‘expanding DHC and doubling the share of CHP
production, according to the Community goal, will further reduce EU carbon emissions 8% by 2010’.
6. Use of Demand Side Management Techniques

Demand side management techniques may be the more appropriate tools to reduce the peak and total
energy demand, in cities. During the recent years, some forms of demand side management techniques
have been extensively used by the European utilities.
Apart of the use of sustainable district heating and cooling systems, five types of demand side
management actions can be identified:
DSM1. Use of more energy efficient air conditioners and heating devices that implies better
performance and better design and integration to the building.
DSM2. Application of advanced control systems like inverters, fuzzy logic in order to take into account
the operational profiles of urban buildings, like the highly intermittent occupation of residential and
commercial buildings in urban areas.
DSM3. Direct load control like remote cycling, by the utilities on the cooling usage as on other usage.
This technique is widely applied during peak periods on a few millions of appliances room air
conditioners in the US. By limiting the available duty cycle during peak periods, utilities can reduce
significantly the peak demand. Attention has to be given on consumer’s comfort.
DSM4. Improvements on the building design to decrease their heating and cooling load. This may
involve actions on heat and solar protection, heat modulation and dissipation of excess heat in a lower
temperature environmental sink.
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DSM5. Use of cogeneration techniques. This type of distributed generation of electricity + possibly
cold/hot water or steam can reduce peak transportation costs and use of fuel.
Three of the more important demand side management techniques are analysed in the following.
6.1 Advanced Air Conditioners
Technology of cooling systems has been tremendously improved during the last years. Research and
new developments have been permitted to create high efficiency A/C systems better adapted to the
urban environment. Improvements have been recorded in many components of the systems as well as
on their operational characteristics. In principle, improvements can be classified in the five following
major categories :
• Those that aim to increase the heat transfer surface. These techniques involve the increase of the
frontal coil area, the increase of the depth of the coil, the increase of the fin density, the addition of a
subcooler to the condenser coil, etc.
• Those that aim to increase the heat transfer coefficients. These techniques involve the improvement
of the fin design, the improvement of the tube design, the spray condensate onto the condenser coil, the
improvement of the fan and of the fan motor efficiency, the improvement of the compressor efficiency,
the use of variable speed compressors, the use of alternative refrigerants, the use of electronic
expansion valves, etc.
• Those that aim to improve the control of the devices. These techniques involve between others the
use of thermostatic static control, as well as of the fuzzy logic control.
• Techniques aiming to adapt the load curve of the air conditioning devices in the specific climatic
conditions of the urban environments. These techniques permit to the systems to operate under the
optimum conditions although the temperature increase in the cities.
• Alternative cooling systems making use of new advanced techniques like indirect evaporative
coolers, etc. These techniques permit to operate under high COP values.

In the frame of the EERAC project of the European Commission, (14), an attempt has been made to
calculate the potential improvement of the room air conditioning. The considered scenarios as well the
calculated scenarios are given in the following Table 9. As shown there is a very important potential to
improve COP that may be high up to 30 per cent.
No
0
1a

1b
2a
2b
3a
3b
4

Scenario
Existing Situation
Increase of frontal coil area (evaporator+condenser) by
15%
Increase of frontal coil area (evaporator+condenser) by
30%
Increase of coil depth (evaporator+condenser) by adding 1
row of tubes
Increase of coil depth (evaporator+condenser) by adding 2
rows of tubes
Increase of coil fin density (evaporator+condenser) by
10%
Increase of coil fin density (evaporator+condenser) by
20%
Addition of subcooler

Efficiency/COP
2.72
2.81

2.88
2.97
3.09
2.76
2.80
2.75
90

5
6
7a
7b
8a
8b
8c
9
10
11
12
13
14

Improvement of fins
Improvement of tubes
Improvement of fans using PSC motors
Improvement of fans using ECM motors
Improvement of compressor efficiency by 5%
Improvement of compressor efficiency by 10%
Improvement of compressor efficiency by 15%
Increase of heat transfer area in coils (combination of
scenarios 1b, 2b and 3b)
Improvement of fins and tubes - increase of heat transfer
coefficient (combination of scenarios 5 and 6)
Scenario 10 + Improvement of compressor efficiency by
15%
Scenario 9 + Improvement of compressor efficiency by
15%
Scenario 9 + Scenario 10
Scenario 9 + Scenario 10 + Improvement of compressor
efficiency by 15%

2.85
2.87
2.74
2.75
2.79
2.87
2.94
3.22
3.14
3.39
3.48
3.32
3.58

Table 9. Possible Improvement of the COP of air conditioners.
6.1 Advanced Control Systems
Building Management Energy Systems contribute to considerable reduction of the energy consumption
of large area buildings and improvement of the indoor environment. As reported, (16), revenues for
new building control systems and retrofit HVAC systems in USA were an estimated $1.17 billion in
1989, and were projected to grow to $2.49 by 1996. Actually, the building automation business, in the
United States had exceeded 725 millions dollars by 1995, and is expected to exceed 1.1 billions of
dollars by the year 2000. The European market of building automation business is close to 800 millions
of US Dollars or 670 MECU’s, (17), Modern control systems provide an optimized operation of the
energy systems while satisfying air quality needs, (18). Significant energy gains and better use of solar
and ambient gains are reported when efficient control systems are used, (19). Recent research
developments based on artificial intelligence techniques, offer several advantages compared to classical
control systems, (19). Thus, current industrial research on energy management systems deals mainly
with software development based on recent artificial intelligence technologies, i.e fuzzy logic, neural
nets, genetic algorithms, (18). In parallel, recently developed Operating Networks, technology for data
transmission and for remote control of the global building energy system, offers a powerful means for
implementing distributed systems that perform sensing, monitoring, control and other applications.
Advanced operating networks allows intelligent devices to communicate with one another through an
assortment of communications media using a standard protocol. Smart card techniques combined with
the energy management system can contribute considerably to energy conservation. Smart card
terminals can contribute as interface between the users and the central control system, while a limited
number of “human comfort units” i.e. thermal units for the winter, air-conditioning units for the
summer can be charged in the memory of the smart card according to the comfort needs of the average
human, (20).
6.3 Improve the Building Design
Recent research has supplied designers with very efficient systems, materials and tools that permit to
decrease solar energy and improve thermal and visual comfort. The main features are related to the
more efficient use of energy in buildings are shown in Figure 15, (21) and are :summarized as follows :
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a) Actions aiming to result in probable reduction and even sometimes, complete removal of the air
conditioning, or the avoidance of it being added,
b) Actions aiming to introduce or improve daylighting and
c) Actions aiming to introduce passive solar heating techniques and components. In particular, energy
efficient measures should focus on a series of specific actions dealing with the improvement and
optimization of the building systems and components as : Redesign of openings, Improvement of
external opaque elements, Microclimate improvements, Optimization of control system to couple
efficiently conventional with solar systems, Improvement of HVAC system to use ambient and
solar energy, Improvement of the lighting system to incorporate daylight, Use of alternative
passive cooling equipment, Improvements in hot water systems and mainly integration of active
solar systems.
Specific analysis of the above mentioned measures are given in another chapter of the present book.
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Figures
Figure 1. Market Shares and District heat deliveries in Central and Eastern Europe, 1998.
Figure 2. Installed Capacity of District Cooling systems in Europe, (2)
Figure 3 : Evolution of District Cooling networks in Sweden, (4)
Figure 4. Main Components of a District Energy Network
Figure 5. Schematic description of one stage absorption cycle using water as refrigerant and lithium
bromide as absorbent., (Ref. 3).
Figure 6. Schematic Diagram of the District Cooling Network in Helsinki, Finland, (6).
Figure 7 : Schematic Presentation of the sea water air conditioning, (Picture taken from (7).
Figure 8. Typical sea water cooling system, (Picture taken from (7).
Figure 9 : Primary Energy used in for district heat and CHP production in EU countries, 1999, (1)
Figure 10. Existing Large Scale Solar Installations in Europe, (10).
Figure 11 : Picture of the 8064 m2 collector array in Marstal. Photo: Marstal Fjernvarme., (10).
Figure 12. Hydraulic lay out of heating plant of solar-supported biomass district heating network
Eibiswald
Figure 13. Decrease of the peak electricity load . in Cleveland because of the introduction of district
cooling techniques.
Figure 14. Cost of different A/C options as a function of density.
Figure 15. Energy Efficient measures for buildings.
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ΑΝΝΕΧ 1 EXISTING LARGE SOLAR INSTALLATIONS

Plant, Operation

Plant owner Country

CSHP--, storage
Area Collector, Country;
size and type. Load
[m²] Type
type and size

No 1-10
Kungälv, 2000-

ARCON, DK;
Kungälv Energi AB 10 000
GM/FP
SE

DS, 1 000 m³ water
tank,
existing building
area, ~90 GWh/a

ARCON, DK;
GM/FP

DS, 2 000 m³ water
tank,
existing building
area, 28 GWh/a

Marstal, 1996-

Marstal Fjernvarme
amba - DK

Nykvarn, 1985-

DS, 1 500 m³ water
TeknoTerm/ARCON; tank,
Telge Energi AB - SE 7 500
GM/FP
existing building
area, 30 GWh/a

9 040

Falkenberg, 1989-

Falkenberg Energi
AB - SE

DS, 1 100 m³ water
TeknoTerm/ARCON; tank,
5 500
GM/FP
existing building
area, 30 GWh/a

Neckarsulm, 1997-

Stadtwerke
Neckarsulm - DE

Sonnenkraft, AT;
5 044 SET, DE; ARCON,
DK; RI+RM/FP

SS, Ducts in ~25 000
m³ soil,
new buildings, 1.7
(??) GWh/a

Ærøskøping, 1998-

Ærøskøping
Fjernvarme - DK

ARCON, DK;
4 900
GM/FP

DS, 1 200 m³ water
tank,
existing building
area, 13 GWh/a

Rise, 2001-

Rise Fjernvarme DK

Marstal VVS, DK;
3 575
GM/FP

SS, 4 000 m³ water
tank,
existing buildings,
3.7 GWh/a

Ry, 1990-

Ry Fjernvarme
amba - DK

3 025

Hamburger
Gaswerke - DE

SS, 4 500 m³ waterfilled concrete tank
3 000 Wagner, DE; RI/FP in ground,
new buildings, 1.6
GWh/a

Hamburg, 1996-

2MW, 2002-

ENECO Energy, NL

2 900

ARCON, DK;
GM/FP

xS, existing
buildings, 32 GWh/a

SS, 8 x 9 m3 Daystorage vessels +
ATAG, NL; RM/FP
Aquifer,
existing buildings,
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3.1 GWh/a
No 11-20
Friedrichshafen,
1996-

Techn. Werke
Friedrichsh. - DE

Nordby, 2002-

Samsø
Energiselskab, DK

2 700 ARCON, DK;
(+1550) RM/FP

2 500

ARCON, DK;
RM/FP

SS, 12 000 m³waterfilled concrete tank
in ground,
new buildings, 2.2
(4) GWh/a
DS, ??,
existing buildings, ??
GWh/a

De Huismeester NL

2 400 Philips, NL; RI/ET

SS, Ducts in 24 000
m³ sand/clay,
new buildings, 1.1
GWh/a

Breda, 1997-

Van Melle - NL

ZEN, NL;
2 400
RM/FP(DB)

DS, 95 m³ water
tank,
industry, 1.2 GWh/a

Anneberg, 2002-

HSB Brf Anneberg SE

SS, Ducts in 60 000
Solsam Synergy AB, m³ rock,
2 400
SE; RM/FP
new buildings, 700
MWh/a

Augsburg, 1998-

Bayerisches
Staatsministerium DE

2 000 Wagner, DE

SS, 6 000 m³; water
gravel pit,
new buildings, ??
MWh/a

Vattenfall
Energimarknad - SE

DS, 100 m³ water
Aquasol (Arnes Plåt
tank,
1 650 AB), SE;
existing buildings, 5
RI/FP+RM/CP
GWh/a

Groningen, 1985-

Fränsta, 1999-

Solar Diamant, DE;
RI/FP

DS, 90 m³ water
tank,
new buildings, 6.5
GWh/a

Stuttg.-Burgholzhof,
1998-

Neckarwerke
Stuttgart AG - DE

1 635

AS Stadion, 2002-

nahwaerme.at
GmbH & Co KG AT

S.O.L.I.D., AT;
1 407
RM/FP

Bo01 – Malmö, 2001-

Sydkraft Värme Syd
AB - SE

Solsam Synergy AB, xS,
new building area,
1 400 SE; RM/FP
(Viesmann, DE; ET) 6.3 GWh/a

xS,
existing buildings, ??
GWh/a

No 21-30
Hannover-Kronsberg,
Avacon AG - DE
2000-

1 350 SET, DE; RM/FP

SS, 2 750 m³waterfilled concrete tank
in ground,
new buildings, 700
111

MWh/a
DS, ??
new building area, ??
GWh/a

Ekoviikki, 2002-

??? - FIN

1 258 ??, ??; RI/FP

Säter, 1992-

Hedemora Energi
AB - SE

xS,
Solsam Synergy, SE;
existing buildings, 32
1 250
GM/FP
GWh/a

Eibiswald, 1997-

Nahwärmegen.
Eibiswald - AT

S.O.L.I.D., AT;
1 250
RI/FP

DS, 105 m³ water
tank,
existing buildings,
4.7 GWh/a
DS, 1 000 m³
waterfilled tank in
ground,
bulb drying, 0.7
GWh/a

Lisse, 1995-

Dames&Werkhoven
- NL

1 200 ZEN, NL; RI/FP

Älta, 1997-

Vattefall
Energimarknad - SE

DS, 6x12 m³ water
Solsam Synergy AB, tank,
1 200
SE; RM/FP+Refl.
existing buildings,
~10 GWh/a

Neuchatel, 1997-

Swiss Fed. Off. of
Statistics - CH

Agena-Energie
1 120 Solaire SA, CH;
RI/FP (UG)

SS, 2 000 m³ water
tank,
new office building,
?? GWh/a

Bad Mitterndorf,
1997-

Genossensch..
Biosolar BM - AT

Sonnenkraft, AT;
1 120
RM/FP

DS, 140 m³ water
tank,
existing buildings, 8
GWh/a

Kockum Fritid, 2002-

Sydkraft Värme Syd
AB - SE

1 100

Innsbruck, 1999-

'Wohnen am
Lobach', AT

xS,
Aquasol (Arnes Plåt
existing buildings, ?
AB), SE; FM/FP
GWh/a

1 080 ??; RM/FP

DS, 500 m³ water
tank,
300 existing/new?
res.units, ?? MWh/a

No 31-40
Salzburg Bolarring,
2000-

Gemeinnützige
S.O.L.I.D., AT;
Salzburger
1 056
RI/FP
Wohnbaugesellschaft
m.b.H. - AT

Åsa, 1985-

EKSTA Bostads AB
- SE

TeknoTerm, SE;
1 030
RI/FP

xS/DS, 16 m³ water
tank,
400 new res.units, ~4
GWh/a
DS, 3x30 m³ water
tank,
existing buildings, 2
GWh/a
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Tubberupvænge,
1991-

Herlev kom.
Boligselskab - DK

1 030

ARCON, DK;
GM/FP

SS, 3 000 m³ waterfilled buried tank,
new buildings, 1
GWh/a

Saltum, 1988-

Saltum Fjarnvarme
amba - DK

ARCON, DK;
1 025
GM/FP

xS,
existing buildings, 8
GWh/a

Odensbacken, 1989-

Örebro Energi
(Sydkraft) - SE

1 000

Fjärås-Vetevägen,
1991-

EKSTA Bostads AB
- SE

TeknoTerm, SE;
1 000 RI/FP
Derome, SE; RI/FP

DS, 75 m³ water
tank,
new buildings, 5
GWh/a

Stuttgart-Brenzstr.,
1997-

Neckarwerke
Stuttgart AG - DE

Pradigma, DE;
Wagner, DE
1 000
Aquasol, DE;
RI+RM/FP

DS, 50 m³ water
tank,
new buildings, 3.2
GWh/a

1 000 Solvis, DE

SS, 20 000 m³
aquifer,
new buildings, 0,5
GWh/a

Rostock - B-höhe,
2000-

WIRO mbH - DE

Hågaby, 1998-

Uppsalahem AB - SE

Kullavik 4 - Kyv.,
1987-

EKSTA Bostads AB
- SE

xS,
Solsam Synergy, SE;
existing buildings,
GM/FP
~10 GWh/a

930

DS, 70 m³ water
Solsam Synergy, SE; tank,
RI/FP
existing buildings, ~
1.5 GWh/a (DHW)

920

TeknoTerm, SE;
RI/FP
Derome, SE; RI/FP

870

DS, 85 m³ water
tank,
Krautsack, AT; RI/FP
existing buildings, ??
GWh/a

DS, 50 m³ water
tank,
new buildings, ~3
GWh/a

No 41-50
Poysbrunn (Nied.öst.),
FWG Nikitsch - AT
1997-

Hammarkullen, 1985-

Gbg Bostads AB SE

Göttingen, 1993-

Stadtwerke
Göttingen - DE

Ekerö, 1997-

Ekeröbostäder AB SE

TeknoTerm, SE;
RI/FP

DS, 2x40 m³ water
tank,
existing buildings,
0.8 GWh/a (DHW)

850

Solvis, DE; RI/FP

xS,
existing buildings,
100 GWh/a

800

Solsam Synergy, SE; DS, 54 m³ water
RI/FP
tank,

850

113

existing buildings, ??
GWh/a (DHW)
Nikitsch
(Burgenland), 1997-

Brandaris, 1998-

FWG Nikitsch - AT

Patrimonium WS
Amsterdam - NL

Kroatisch-Minihof,
1997-

FWG KroatischMinihof - AT

Särö, 1989-

EKSTA Bostads AB
– SE

De Zwoer, 1990-

Stichting Zwembad
DriebergenRijsenburg - NL

Nordhausen, 1999-

SK GmbH
Nordhausen - DE

780

DS, 60 m³ water
tank,
Krautsack, AT; RI/FP
existing buildings, ??
GWh/a

760

ZEN, NL; RM/FP
(DB)

DS, 40 m³ water
tank,
existing buildings,
2.3 GWh/a

756

S.O.L.I.D., AT;
RI/FP

DS, 60 m³ water
tank,
existing buildings, 2
GWh/a

740

TeknoTerm, SE;
RI/FP

DS, 16+35 m³ water
tanks,
new buildings, 0.7
GWh/a

740

Atag, NL; RM/FP
(DB)

DS, 2.7 m³ water
tank,
swimming pool +
showers, 1.1 GWh/a

???, DE; ??

DS, 35 m³ water
tank,
hospital, ?? GWh/a
(DHW)

Derome, SE; RI/FP

DS, 3x20 m³ water
tank,
existing buildings, ~
0,8 GWh/a (DHW)

700

Solvis, DE; RI/FP

DS, 7x5 m³ water
tanks,
existing buildings,
~0,6 GWh/a (DHW)

690

xS,
S.O.L.I.D, AT; RI/FP existing buildings, ~
40 GWh/a

717

No 51-60
Gårdsten, 2000-

Bostads AB
Gårdsten - SE

Oederan, 1994-

SWG Oederan mbH
- DE

Lienz, 2001-

Stadtvärme Lienz
GmbH, AT

705

DS, ?? m³ water
tank,
existing buildings, ??
GWh/a (DHW)

Echirolles, 1999-

OPAC 38 - FR

689

Clipsol, FR; RI/FP

Henån, 1997-

Orust kommun - SE

685

(S.O.L.I.D.), AT/SE; DS, 56 m³ water
RI/FP
tank,
114

existing buildings,
3.4 GWh/a
Magdeburg, 1996-

Malung, 1987-

Älta, 1998-

Kungälv, 2001-

Obermarkersdorf,
1995-

Universität
Magdeburg - DE

Malungshem AB SE

HSB Brf Stensö - SE

Kungälv Energi AB
– SE

Fernw.genossench.
Oberm. - AT

UFE, DE; RM/FP

DS, 25 m³ water
tank,
existing buildings,
2.3 GWh/a (DHW)

640

Finsun, SE; GM/FP

DS, 100 m³ water
tank + 136 m³ earth
pit with steel liner,
existing buildings,
1.9 GWh/a

600

DS, 3x15 m³ water
Solsam Synergy, SE; tank,
RM/FP
existing buildings, ??
GWh/a

657

DS, 60 m³ water
tank,
new buildings, ~ 1
GWh/a

600

ARCON, DK;
GM/FP

567

DS, 68 m³ water
tank,
Krautsack, AT; RI/FP
existing buildings, ??
GWh/a

562

ARCON, DK;
GM/FP

SS, 1 500 m³ water
pit,
new buildings, 0.4
GWh/a
SS, 8 000 m³ water
gravel pit,
existing office
building, 0.6 GWh/a

No 61-70
Ottrupgaard, 1995-

Ottrupgaards
Fjernvarme - DK

Chemnitz, 1998-

Solaris Verwaltungs
GmbH - DE

540

Daimler-Benz
Aerospace Sunda
Solartechnik GmbH,
DE; RM/ET

Heemstede, 1998-

Stichting De
Hartekamp - NL

540

Atag, NL; RM/FP
(DB)

DS, 9 m³ water tank,
hospital, 0.8 GWh/a

Steinfurt-Borghorst,
1999-

W & T Bau GbR –
DE

510

Wagner, DE; RI/FP

SS, 1 500 m³; water
gravel pit,
new buildings, 0.3
GWh/a

Torsåker, 1999-

Vattenfall
Energimarknad - SE

500

Finsun AB, SE;
GM/CP

DS, 50 m³ water
tank,
existing buildings?,
10 GWh/a
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