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In the building sector there are technologies available and 

under development, which could substantially improve the ener-

gy performance in buildings. They reduce conventional energy 

demand in new and existing buildings and substantially con-

tribute to reduce energy intensity, through combined 

measures of rational use of energy and integra-

tion of renewable energy technologies. A 

wide range of solutions, indication of 

the various possibilities as required in 

the European Performance of Buildings 

Directive (EPBD).

MEETING	POINT
In order to create the meeting 

point of short-term development 

and demonstration to support leg-

islative and regulatory measures for 

energy efficiency and enhanced use 

of renewable energy solutions within 

the building sector, the Eco-buildings 

program was started. This program aims at a new approach 

for the design, construction and operation of new and refur-

bished buildings, based on the best combination of the double 

approach. On one hand the substantial reduction, and if possi-

ble, avoidance of the demand for heating, cooling and lighting. 

On the other hand supplying the necessary heating, cooling and 

lighting in the most efficient way and based as much as pos-

sible on renewable energy sources and polygeneration.

THE	OBjECTIVES	
The overall aim of the Eco-buildings program is:

• Providing a clear and coherent platform to defend, promote 

and lobby for the consideration of energy performance of 

buildings from the first moment in the design process, thus 

enabling cost effective, low-demand high quality buildings 

construction.

• Introduce the Eco-Buildings concept (as minimum require-

ment for the European building stock) in the EPBD, by pro-

motion of cost-effective and energy efficient renovation 

and construction, where possible with integrated Renewable 

Energy Systems (RES), based on information of successful  

examples, lessons learned, available products, systems  

and techniques.

• Identifying opportunities for (further) development of 

 promising products, systems and techniques and to 

motivate manufacturers to start and/or continue these 

 developments. Ultimately, success in the achievement of 

these aims will be measured by the ability of the project.

• Building a coherent voice for high performance/demand site 

management of buildings and a cohesive community of 

 Eco-building actors, to be verified by analysing 

resultant change at the end of the project.

THE	EUROPEAN	PERSPECTIVE
The European Union is currently promo-

ting a major effort to improve the 

energy efficiency of its buildings. The 

efforts to improve the energy efficien-

cy in the buildings have a long-stand-

ing history in terms of EU legislative 

initiatives. 

A new additional legislative policy has 

been agreed and has become EU law in 

2006. The Proposal for the Directive on 

energy end-use efficiency and 

energy services sets up ambitious goals for the buildings sector 

when it established that member states should prepare energy 

plans to reduce energy consumption by 1 % per year over a 

period of nine years, as well as setting up energy-efficiency 

criteria in their public procurement of goods and services. 

Without a major promotion of energy efficiency in the new and 

existing buildings, the EU member states will certainly find it 

very difficult if not impossible to meet these targets. The Green 

Paper on Energy Efficiency, ‘Doing more with less’, published by 

the EC in 2005, builds upon existing initiatives and describes 

a new more challenging view for the goals and policies for the 

EU in this area, once again clearly indicating the need for more 

efficient buildings and a more aggressive attitude by mem-

ber states and all the stakeholders. The Sustainable Energy 

Europe Campaign for 2005-2008, launched by the European 

Commission, has also set far reaching goals as part of that 

50,000 new ‘very low energy’ houses (i.e., ‘Eco-buildings’) that 

should be built or retrofitted.

The	main	challenge	 is	 immense:	how	to	cope

with	dwindling	fossil	 fuel	reserves	and	climate	

change.	The	focus	 is	often	concentrated	on	the	

negative	effects	of	traffic.	Nothing	wrong	with	that,	

however,	other	possibilities	to	cope	with	the	problem	

are	sometimes	overlooked.	Take	the	building	 industry.

The	possibilities	here	are	 impressive	 in	number	and	

effects.	This	sector	 is	at	present	responsible	for	

more	than	40%	of	EU	energy	consumption.	According	

to	several	studies	and	official	EU	policy	documents,	

the	sector	offers	the	 largest	single	potential	 for	

energy	efficiency.	Research	shows	that	more	than	

one-fifth	of	the	present	energy	consumption	and	

up	to	30-45	MTons	of	CO2/year	could	be	saved	by	

2010	by	applying	more	ambitious	standards	to	new	

buildings	and	when	refurbishing	existing	buildings,	

which	represents	a	considerable	contribution	to	

meeting	the	Kyoto	targets	to	which	the	EU	 is	deeply	

committed.	These	efforts	will	also	make	an	 important	

contribution	towards	security	of	energy	supply	of	

the	EU	because,	 if	nothing	 is	done,	the	EU	will	be	

dependent	on	70%	from	outside	sources	by	2030.

Eco-buildings:	answer	to	an	immense	challenge
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THE	POLITICAL	ASPECT
An attractive aspect of more focus on the possibilities of the 

building industry are the direct and positive results for the 

average European citizen. A 30% decrease in energy consump-

tion is already within reach with the actual techniques, many of 

them demonstrated in the Eco-buildings project. More research 

into promising techniques will undoubtedly result in conside-

rable further gains. However, more research is eminent in order 

to materialize these gains. Therefore both researchers and 

the building industry are leaning heavily on further European 

support. Support that will be seriously advantageous to the 

European civilian and reinforce the position of Europe in the 

development and production of renewable energy sources.   

THE	PARTICIPANTS	 IN	ECO-BUILDINGS
The following institutes are coordinating the program in 

Ecobuildings:

1. Fraunhofer Institute of Building Physics (Fraunhofer-IBP).

2.  Universitat de Barcelona (UB).

3.  Energieonderzoek Centrum Nederland (ECN).

4.  COWI A/S.

This brochure gives the details of the four Eco-buildings 

demonstration projects. The website www.ecobuildings.info 

gives the most actual information and news. The Eco-buildings 

concept contains the following demonstration projects:

BRITA	IN	PUBS:	BRINGING	RETROFIT	 INNOVATION	TO

APPLICATION	IN	PUBLIC	BUILDINGS

• Germany, Stuttgart: Nursing Home Filderhof.

• Norway, Hagafoss: Church Hol Commune.

• Great Britain, Plymouth: City College Plymouth.

• Norway, Asker: Borgen Community Centre.

• Czech Republic, Brno: Social Centre Brewery.

• Denmark, Copenhagen: Cultural Centre Proevehallen.

• Greece, Athens: Evonymus Ecological Library.

• Lithuania, Vilnius: Main Building Technical University.

INFORMATION

Hans Erhorn

Fraunhofer Institute of Buildings Physics

Phone: +49 711 9703380

E-mail: hans.erhorn@ibp.fraunhofer.de

DEMOHOUSE:	SUSTAINABLE	RENEwAL	OF	ExISTING	

BUILDING	STOCK

• Spain, Bilbao: old residential building in the centre.

• Hungary, Budapest: social housing complex.

• Greece, Attica: development of residential buildings.

• Denmark, Copenhagen: suburb housing projects.

• Austria, Graz: high-rise multi-dwelling houses.

INFORMATION

Henk Kaan

Energy research Centre of the Netherlands (ECN)

Phone: +31 224 564689

E-mail: kaan@ecn.nl

EC0-CULTURE:	ENERGy	EFFICIENT	TECHNOLOGIES	 IN

CULTURAL	BUILDINGS

• Denmark, Copenhagen: Danish Royal Theatre.

• The Netherlands, Amsterdam: Amsterdam Library.

• Norway, Oslo: New Opera House.

INFORMATION

Jens Ole Hansen

COWI A/S, Denmark

Phone: +45 4597 1177

E-mail: jha@cowi.dk

SARA:	SUSTAINABLE,	COST-EFFECTIVES,	HIGH	ENERGy	

PERFORMACE	PUBLIC	ACCESS	BUILDINGS

• UK, Southampton: student service building.

• France, La Tour de Salvagny: primary school.

• Spain, Barcelona: health centre.

• Austria, Sinabelkirchen: office and exhibition hall.

• Slovenia, Ljubljana: supermarket.

• Italy, Napels: community centre (refurbishment).

• Uzbekistan, Bukhara: building training centre.

SARA is an official partner of the Sustainable Energy Europe 

2005-2008, a European campaign to raise awareness and 

change the landscape of energy and an initiative of the 

European Commission, Directorate General for Energy and 

Transport.

INFORMATION

Mike Barker

Universitat de Barcelona, Spain (UB)

Phone: +34 93 4034528

E-mail: mbarker@ub.edu

STAy	POSTED

All news facts concerning Eco-buildings and its projects can

be found on www.ecobuildings.info. Here it is also possible to

download newsletters already published.

Eco-buildings:	the	four	projects
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University Administration Building, Southampton, United Kingdom

       

Summary
All aspects of the building have been designed to minimize 

the building’s environmental impact. This includes energy 

and water usage and construction materials. 

The most environmentally appropriate materials and 

components have been incorporated into the design. The 

definition of materials and components to be used for the 

building has been developed as part of the design process. 

Passive solar design is used to give priority to the use of 

natural light and natural ventilation, air conditioning is 

not provided, limited individual control is designed into 

the building, space and water heating are supplied by the 

University district heating system and a semi-transparent 

photovoltaic system is integrated into the atrium roof 

providing electrical power supply and shading. Heating, 

ventilation and illumination are controlled by the Building 

Management System (BMS).

The building was 'highly commended' with a 2nd prize in 

the UK Higher Education Energy performance Initiative, 

and continues to receive visits from policy makers and 

buildings professionals since its inauguration. The SARA 

display and on-line information of PV system performance 

in the building itself raises interest and awareness and is 

generating information requests from University students 

for use in project work; data will be available online on the 

SARA project web site in the future.

The project, the challenges
The building aims to demonstrate a high level of innovation 

in planning and architecture integrating energy and 

environmental criteria in all aspects of design, construction 

and use. It is a three storey structure with basement and 

is physically attached to an existing administration office 

building on a triangular shaped site. The building has 

brought together administrative staff from numerous small 

departments and offices that were previously dispersed 

around the university. This change, and particularly the 

move from individual to open plan office spaces has brought 

additional challenges that have to be met. 

Context
The building is an administrative centre and student services 

building. It provides a large, accessible, attractive space, able 

to accommodate large numbers of visitors at peak periods. It 

consists of a reception area, seating, customer service desks, 

computer work stations, events space and display space. 

Solutions
InnoVATIVE MATERIAlS

Materials have been selected to minimize the environmental 

impact of the building during its lifetime: in its construction, 

use and final disposal using the following criteria:

• The use of renewable resources.

• Minimizing the amount of materials required.

• Materials of minimal embedded energy.

• Recyclable materials and components.

• Materials which contribute to high energy efficiency.

THERMAl MASS ConSIdERATIonS

Exposed massive concrete frame and slabs to all levels 

including roof allows use of the structural, thermal mass to 

moderate temperature variations.

Typology Student Service (administrative) 
building of Southampton 

 University

Useful floor area 2,600 m2 of new construction 
adjoined to an existing 

 2,000 m2 building

Promoter SARA Partner 7: University of 
Southampton, SoTon 

 www.soton.ac.uk

other participants nicholas Hare Architects, 
 www.nicholashare.co.uk
 www.northcroft.com
 www.hoarelea.com

area  UK Regulation min U-values  Building values +

outer wall 0.35 0.35

roof  0.25 0.25

ground floor 0.25 0.25

glazing  2.0 1.5

InSUlATIon:

Old building at left, new atrium centre, and offices at right

Mock up of standard window unit
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BMS and monitoring
The vertical atrium roofing elements include mechanically 

controlled natural ventilation systems, which, l ike all services 

and environmental readings are continuously monitored by 

a BMS. Uniquely, much of this data will be made publicly 

available via the internet as part of the SARA project. 

The building is connected to the University Building 

Management System which permits the monitoring and 

recording of performance of plant and systems. The data 

can be trend logged to ensure that optimum performance is 

maintained. User satisfaction levels together with internal 

and external temperature data and other parameters are 

used to feedback to optimise heating control. The monitoring 

system also allows performing and analysing post occupancy 

evaluation that are used as an input for the control system 

to set the main parameters of the building. This feedback 

process is very innovative. The data is collected daily using 

the Intranet network of the building and is integrated into the 

control system.

Energy data  
High energy efficiency and use of passive design will enable 

low primary energy usage. Energy performance will exceed 

current UK building regulations by at least 30%. 

Water efficiency will be high and water consumption figures 

will be 40% lower than for similar buildings.

Economic data
Energy efficiency design and an intelligent control system will 

reduce running costs of lighting, ventilation and heating by 

40% compared to reference building. 

Building running costs for energy will be 20% lower than a 

reference building and primary energy usage will be lower 

than the Benchmark figures prepared by HEFCE in their report 

'Energy Management Study in the higher Education Sector' 

and with BRE benchmark figures for gas and electricity 

consumption. 

First hand experiences 
"The typical standards 
required by investors in 
UK property have been 
consistently excessive and 
much wasted energy was 
inherent in the designs and 
specifications that were 
led by a largely ill-informed 
group of letting agents; a few 
large developers, and still 
fewer investors were aware 

of this, and things are now improving, but the Southampton 
project gave a real opportunity to demonstrate that a good 
office building could be produced without air conditioning. 

The ability to get back to basics, while at the same time using 
modern materials and advanced timber engineering, was a 
challenge to all members of the design team, and in order to 
ensure the maximum benefits of team-working were achieved, 
a full day of team-building, including designers, client and user 
representatives, with the major sub-contractors, was held. 
Local, national and international resources were enlisted, and 
we were fortunate in finding Bob Bennett at The Lime Centre 
(Winchester), and Vereinigte Holzbaubetriebe (Memmingem 
Germany), who proved that we could achieve what we hoped 
for, blending old and new materials in more efficient ways. 
Lime mortar requires no movement joints in long expanses of 
unbroken brickwork, and timber window units require almost 

no maintenance, and were standardised to the architect’s 
design, speeding installation and weatherproofing the building 
ahead of the winter.

The photovoltaics were a headache, mostly because of the 
sub-contract supply chain, but didn’t quite delay us; the 
timber engineering was really impressive; and the key to 
success was the detailed attention to everything that was 
given by the architect, who listened to the contractor’s 
problems, and set about solving them.

The best result was a building completed on programme, to 
a high standard of finish, and to a tight budget, while at the 
same time producing a useful model for widely applicable 
sustainable construction.”

John Brightwell, is Project Coordinator, Estates & Facilities, 

University of Southampton and comes from a background of 

commercial property development, where he had been leading 

projects for more than 20 years before joining the University.

Expected energy demand Standard building Eco-building Saving

(kWh/m2/yr) 278 170 108 (39 %)

EnERgy ConSUMPTIon REFEREnCE And oBjECTIVES oF 
SARA ECo-BUIldIng:

Main facade showing trees used as solar shading
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includes glazed areas, walls, roofing and floor. U values 

exceed current UK building regulations:

• 150mm roof insulation.

• external insulation.

• acoustic damping.

glAzIng

Double glazed external windows with interpane blinds for 

solar gain control.

lIgHTIng

• The building incorporates optimal use of daylight. 

• Passive solar design is used to give priority to the use of 

natural l ight.

• Photovoltaic semi-transparent roof to atrium. 

• Optimisation of the electrical l ighting systems use of 

movement sensors.

HEATIng And CoolIng SySTEM

The building is connected to the University’s District Heating 

network. 

nATURAl VEnTIlATIon

Air conditioning is not provided, but free cooling by means of 

exposed structural mass and ground cooling from low-level 

air displacement units in the atrium combine with opening 

ventilation panels alongside each double-glazed fixed window, 

to provide occupiers with a comfortable environment, over 

which they can directly influence a degree of control.

The vertical atrium roofing elements include mechanically 

controlled natural ventilation systems.

BURIEd HEAT PIPES

The small undercroft plant room ventilates the atrium via 

ground-contact buried pipes. Two degrees of free cooling are 

achieved by this method. Its contribution to the whole cooling 

strategy is evaluated through the monitoring process.

REnEWABlE EnERgy SySTEMS

14kWp photovoltaic. 67 modules PV.  The 14kWp Atrium 

integrated Photovoltaic system is expected to generate up to 

a third of the power consumed in the new office floor area, 

and provides solar shading. 

The design of the pitch and orientation of the larger glazed 

roof included PV considerations. 

BUIldIng InTEgRATEd PHoToVolTAIC SySTEM

• 177 m2 area.

• 14 kWp installed power.

• 11,314 kWh/yr energy production.

WATER RECoVERy

The use of 'rainwater harvesting' has been incorporated into 

the building. Rainwater is collected, filtered and used for 

toilet flushing. The expected reduction in water consumption 

is 1,830 m3/yr relative to a standard building. This has been 

unexpectedly popular as an awareness raising feature for 

building users.

Internal detail of the atrium roof including integrated PV 

Internal view of the central hall created by joining 
the new and old buildings
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Primary School, la Tour de Salvagny, France

       

Summary
The Tour de Salvagny Primary School refurbishment and 

extension aims to provide the local community with a 

school that anticipates and adapts itself to the evolutions 

of the growing population over the next 50 years, whilst 

giving the occupants, students and teachers, a healthy, 

comfortable and pleasant daily environment.

The extension and renovation began in 1999 with the 

creation of a Consultation Committee. The Committee was 

comprised of parents, teachers, educational authorities and 

local councillors 

The buildings energy consumption has been minimized 

through good insulation, a high performance condensing 

gas boiler, innovative automatic lighting and variable speed 

ventilation. The insulation efficiency will be 26% better 

than the legal requirement with low inertia design to 

minimize heating costs. 

The project, the challenges
The project aims to provide a school that anticipates and 

adapts itself to the evolutions of the growing population over 

the next 50 years, whilst giving the occupants a healthy, 

comfortable and pleasant daily environment.

A consultative committee established a list of priorities that 

have resulted in buildings designed as low inertia structures 

that can be heated and cooled quickly. The school has a 

relatively low occupancy rate and is unoccupied for long 

periods of time, especially during the summer holidays. No 

energy is wasted heating or cooling an empty building, and 

careful design, and the use of buried earth tubes for summer 

cooling and extra ventilation has aimed at comfortable 

conditions despite the lack of thermal mass. 

Together they developed a list of requirement and priorities 

that included an ecobuildings requirement. This committee 

met regularly over the duration of the design competition, 

detailed design and construction process. 

The children have also been involved in the construction 

process, learning about renewable energies and building their 

own solar houses, helping them to understand the reason 

why their school building is special; they will also be able to 

follow the building’s energy consumption and production on a 

large screen display in the school lobby.

Typology Primary school building situ-
ated on the outskirts la Tour de 
Salvagny

Useful floor area Refurbishment of existing buil-
ding and new construction 

 (2,200 m2)

Promoter SARA Partner 12: The City of la 
Tour de Salvagny, TSAlV, 

 www.salvagny.org

other participants Mairie de la Tour de Salvagny, 
www.salvagny.org

 Agence Tectoniques (architect) 
 Quadriplus groupe (engineering office),
 www.quadriplus-groupe.fr
 Etamine (engineerings), 
 www.bet-etamine.com

South-East of the school courtyard looking towards the North.

Overall view
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The works were undertaken in two phases; Phase 1 - the 

construction of 5 new classrooms, a computer room and a 

new library, as well as the construction of the buried earth 

pipes, the ventilation treatment and control system and the 

rain water collection tanks. Phase 2 – complete refurbishment 

of existing building, from insulation to window openings and 

glazing to floor coverings and the ventilation system.

Solutions
InnoVATIVE MATERIAlS

The choice of materials used in the project was a principal 

objective, as the community wanted low impact, low energy 

materials that would create a healthy environment. Avoiding 

toxic ethers, Volatile Organic Compounds (VOCs) and metal 

particulates was a priority. 

New classrooms are made from pre-formed vapour treated 

wood particleboard assembled on site, insulated by 120mm of 

mineral wool. Interior walls and separations are gypsum fibre 

board. The facades are low maintenance, long life Trespa flat 

panels made of wood fibres and resin. 

• Recyclable materials and components.

• Materials which contribute to high energy efficiency.

THERMAl MASS ConSIdERATIonS

A consultative committee established a list of priorities that 

have resulted in buildings designed as low inertia structures 

that can be heated and cooled quickly. The school has a 

relatively low occupancy rate and is unoccupied for long 

periods of time, especially during the summer holidays. No 

energy is wasted heating or cooling an empty building, and 

careful design, and the use of buried earth tubes for summer 

cooling and extra ventilation has aimed at comfortable 

conditions despite the lack of thermal mass. 

The building’s energy consumption has been minimized 

through good insulation, a high performance condensing 

gas boiler, innovative automatic lighting and variable speed 

ventilation.

* The TSALV building was required to comply with the RT2000, 

however new constructions must now comply with the more 

severe RT2005.

The new classrooms are semi-independent boxes, reached 

by enclosed corridors that link the new classrooms to the 

old building, whilst creating isolated private areas for each 

classroom, that have been turned into classroom gardens. 

The separation between classrooms also ensures an excellent 

acoustic environment for building users. 

glAzIng 

The Windows have been designed for acoustic as well as 

thermal insulation. The frames are mainly wood although they 

include a metallic exterior shield to protect the wood and 

reduce maintenance. (Uframe=2 W/m2K, Ug = 1.3 W/m2/K).

dESIgn FoR dAy lIgHTIng 

The building design has put the emphasis on natural l ighting 

in all classrooms. Classrooms in the existing building have 

had extra windows added, and new classrooms have a double 

orientation for all day natural l ight. Lighting simulations with 

DIAL indicate that daylight will supply 60% of the lighting 

needs in new classrooms and 40% in existing classrooms.

lIgHTIng ConTRol 

Classroom lighting is semi-automatic, occupiers have a large 

amount of control over the lighting level; once the desired 

lighting level is selected, the system will then automatically 

adjust the intensity of artificial l ights to keep lighting levels 

constant. 

High performance T5 (16 mm) lights with electronic ballasts 

have been installed in all classrooms. Combined with the 

automatic control, and movement detectors, l ighting is 

expected to use from 5 to 9kWh/m2 with an installed power of 

6 to 11 W/m2 depending on room use. 

High performance lightings (100 lumen/watt with electronic 

ballast) are used in order to achieve a very low electricity 

consumption for lighting (5kWh/m2 SDO). 

Excessive light and direct sunlight are controlled by exterior 

blinds.

nATURAl VEnTIlATIon 

The ventilation system is a simple flux forced air system, 

that supplies classroom with pre heated / cooled air form 

the ventilation treatment centre and buried earth pipes. 

This choice means that air temperature is uniform across 

classrooms, whilst allowing high ventilation rates ensuring 

good air quality. Ventilation in classroom is controlled by 

movement detectors, unoccupied rooms are not ventilated.

BURIEd HEAT PIPES 

A system of buried earth pipes modifies ventilation intake air 

temperature, pre-warming in certain months of winter and 

cooling in summer.

area    Proposed values +

outer wall 0.47 0.25

roof  0.47 0.19-0.24

ground floor 0.43 0.31-0.27

glazing  2.9 1.7

InSUlATIon:

French Regulation min  
U-values (RT2000)

North-facing façades of new classrooms

Positioning the pre-assembled wooden structures 
for the new classrooms
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The system consists of parallel 25m long 200mm polyethylene 

pipes buried in a sand bed with a combined capacity up to 

80,00m3/h and an air speed of 3m/s. A grade of 1% and 

system of filters in the ventilation control system ensures 

good air quality, and a grade of 1% allows evacuation of 

condensate. The Building Monitoring System determines if the 

ventilation air should be taken from the buried earth pipes 

or the normal inlet, according to the temperature of the two 

sources.

To evacuate the excess of heat loads accumulated during the 

day, free cooling (through ventilation) can be used to reduce 

room temperatures. In the summer of 2005, the buried earth 

pipes maintained in-building temperatures identical or lower 

than outside, effectively removing all the heat generated by 

the building occupants.

RENEWABLE ENERGy SySTEMS 

A 14kWp grid connected photovoltaic system is installed on 

the roof of the school. The system, comprised of 6 series, is 

installed in part on Consol supports and in part on the sloped 

roof of skylights. The system, which is oriented south-west, is 

expected to produce 14,400kWh/yr. 

All modules are Tenesol (formerly Total Energie) T1800 190Wp 

multicrystalline modules. The SMA Sunny Boy inverters are 

connected to an Energrid data logger. Production data will 

be displayed in the School lobby, to educate and inform the 

building occupants.

The electricity produced is sold to the local utility, EDF at 

15.25c€/kWh, a price that is significantly higher than the cost 

of the electricity bough by the School. 

WATER RECoVERy 

The School has two rain water collection tanks of 30m3 each; 

rainwater is collected and supplies all toilets flushes, and will 

be connected to the grounds watering system in the future. 

Last winter 100% of flush water came form the rain water 

tanks, demonstrating the viability of rain water use.

BMS and monitoring
BMS

The school of la Tour de Salvagny will be connected to a 

general Building Management System (BMS), called GTC for 

Gestion Technique du Bâtiment, as every building own by the 

municipality. The BMS will monitor the performances of the 

photovoltaic system (energy production, energy consumption, 

irradiance, etc.) and the Canadian wall (air flow, electricity 

consumption, air temperature, etc.).

An active management system will be used to control heating, 

ventilation and lighting in every classroom.

MonIToRIng 

BMS: Inside temperatures, consumption,   

 regulation. Distance monitoring, archiving.

Weather station: Exterior temperature, atmospheric pressure,  

 rainfall, irradiation, wind speed and direction.

Photovoltaic: Production, power, irradiation. Distance  

 monitoring, archiving.

Energy data  
High energy efficiency and use of passive design will enable 

low primary energy usage. Energy performance will exceed 

current UK building regulations by at least 30%. 

Water efficiency will be high and water consumption figures 

will be 40% lower than for similar buildings.

EnERgy ConSUMPTIon REFEREnCE And oBjECTIVES oF

SARA ECo-BUIldIng

Economic data
The buildings energy consumption has been minimized through 

good insulation, a high performance condensing gas boiler, 

innovative automatic lighting and variable speed ventilation. 

The insulation efficiency will be 26% better than the legal 

requirement (Ubat=Ubatref-26%) with low inertia design 

tominimize heating costs.

First hand experiences 
Teachers working in both the new and the renovated part  

agree that the new spaces, the light, and the acoustics in 

the classrooms and corridors are significantly improved, 

thus creating a more comfortable and pleasant place to 

work. Access between the classes and rooms has also been 

improved. The extra comfort has a calming effect on the pace 

of life in the school and has facilitated learning.

 A few small adjustments remain to be made. The ventilation, 

for example, is practical in summer and winter but not really 

adapted for the mid-season that is generally cold and humid. 

In the new classrooms, ventilation is constant and enters 

at floor level, and leaves the children (and teachers) with a 

constant sensation of cold feet. The music and arts rooms, 

although very practical, are also avoided in the mid-season.

 

In terms of behaviour, the building’s advanced automatic 

controls help reduce consumption but risk of careless habits 

looms. For example, one of the classes on a school excursion 

had forgotten that they needed to turn taps and lights off 

themselves when they visit non-ecobuildings!

 On an educational level, energy efficiency was a school 

project in the 2006/2007 school year, and the students spent 

much time working on the subject. They visited the recycling 

center at Rill ieux la Pape, created informative posters and 

a Pedibus (a pedestrian school bus) as well as solidarity 

projects with schools in Morocco and Ecuador.

After two years of fine tuning and troubleshooting, the 

teachers are generally very satisfied to work in what is a 

special environment that continues to amaze new students. 

Parents and local citizens are also often agreeably surprised 

to discover how much there is to learn from the rich school 

environment beyond the new facade.

Expected Energy demand Standard Building    Eco-building    Saving

(kWh/m2/yr) 183                   128           30%

Installation of the heat pipes
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Primary Health Care Centre, Barcelona, Spain

       

Summary
The Energy Plan for Catalonia 2006-2015 recognises the 

importance of improving energy efficiency in the building 

sector. In this context, there exists an inter-departmental 

initiative to construct public access demonstration 

buildings with low energy performance and minimum 

environmental impact. The Roger de Flor Primary Health 

Care Centre is the first of a significant building programme 

of the Catalan Health Service dSSS that aims to reduce 

energy consumption 25% compared to actual standards. 

SARA project participation brought technical support 

and knowledge exchange with European Universities and 

Research Centres in relation to the implementation of 

innovative technology solutions. The best results from this 

project are already being applied in other public buildings 

and hospitals under construction.

The project, the challenges
The building has been conceived to be responsive to seasonal 

comfort requirements and at the same time to contribute to 

the reduction of energy costs. In this sense, it implements an 

important number of sustainable building design criteria: 

• Use of low environmental impact materials with minimum  

 embodied energy for their production, reuse, recycling or  

 disposal.  

• Reduction of the building’s energy demand by means of  

 architectural design and special attention to the building  

 envelope, especially shading devices.  

• Use of energy efficient systems for heating, ventilation

 and air conditioning (HVAC) and lighting. Use of a radiant 

 ceiling based heating and cooling system to achieve high

 coefficients of performance and comfort conditions. 

• Inclusion of an innovative energy efficient liquid sorption

 dehumidifier with lithium chloride solution in the   

 ventilation system in order to control humidity and prevent  

 condensation on the cooled ceilings.

• Use of natural resources, including rainwater harvesting  

 and grey water reuse, and use of renewable energy   

 systems: building integrated solar photovoltaics and a solar  

 thermal installation.

• Introduction of a Building Management System to optimise  

 energy and operational performance of the building and  

 to provide data for optimisation of control mechanisms,  

 performance monitoring and dissemination purposes.

Context
The building is a Primary health care centre located in the 

'Eixample' of Barcelona with its typical urban grid structure 

conceived by Ildefons Cerdà in the 19th Century. The building 

concept involves an open ground floor area and semi-public 

courtyard. This opens up the central courtyard as a green space 

for public use, recovering the original urban idea of Cerdà, 

overcoming negative aspects associated with high density 

urban development.

Solutions
InnoVATIVE MATERIAlS:

Structure with pre-fabricated façade elements for improved 

quality control and reduced construction time.

Cork insulation as natural material and lacquered steel 

carpentry reducing environmental impact by factor 10 compared 

to conventional solutions.

InSUlATIon

glAzIng

High energy performance, low-emission double glazing:

6/16/6; Ug-value 1.38 W/m2K;

6/12/6; Ug-value 1.70 W/m2K.

	 	Typology Primary Health Care Centre with 
office-type visiting rooms and 
open public areas facing an inner 
courtyard

Useful floor area new construction seven floor 
building with 3,000 m2 gross 
floor area between adjoining 
buildings on two facades

Promoter SARA Partner nº 4. departament 
de Sanitat i Seguretat Social, 
dSSS. www.gencat.net

 salut/depsan/units/sanitat/html/
en/du1/index.html

other Participants SARA Partner nº 2: 
 Institut Català d’Energia –ICAEn 

www.icaen.net
 SARA Partner nº 3: 
 departament de Medi Ambient i 

Habitatge - dMAiH
 EISSA (Energètica d’Installacions 

Sanitàries SA), www.eissa.com 
Francisco gallardo-Bravo 

 (Architect) 
 AIA (Activitats Installacions 
 Arquitectòniques),
 www.arquitectoniques.com

Section showing architectural design for public access to 
courtyard and daylighting penetration

Façade

Roof

groundfloor

glazing 

Area Spanish Building Standards 
(CTE 2006)  
U-values (W/m2·K)

Characteristics of the 
Primary Health Care 
Centre, Barcelona, 
prior to CTE
U-values (W/m2K)

0.73

0.41

0.5

4.4 

0.5

0.35

0.45

1.79
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dAylIgHTIng And SolAR PRoTECTIon

The interior patio with its glazed façade allows a high level 

of daylighting of the inner spaces, while fixed perforated 

horizontal lamellas spanning the patio protect from excess 

solar radiation in summer.

Perforated vertical and horizontal shading devices have been 

designed as an optimal compromise between daylighting and 

solar protection on the principal (South-westerly) façade, 

whilst keeping within the project’s budget.

lIgHTIng ConTRol

High efficiency, electronic ballast fluorescent lighting 

throughout the building, presence sensors in certain areas 

and automatic control of electrical l ighting depending on 

daylighting combine to allow expected energy savings of 

25% compared to conventional l ighting solutions in similar 

buildings.

HEATIng And CoolIng SySTEM

The specific air quality characteristics of a health sector 

building predetermine many design decisions regarding 

ventilation and thus also heating and cooling. The humid 

summer climate of Barcelona is also a decisive factor. The 

result is the need for a closed (not naturally ventilated) 

system including dehumidification.

The heating and cooling system with a coefficient of energy 

performance (COP) of over 4 is based on radiant ceiling 

panels. This configuration allows operating the cooling system 

with fluid temperatures of 15-17ºC instead of the 7ºC of a 

conventional air conditioning system, while the heating fluid 

temperature is 35ºC instead of 45-70ºC. The fact that the 

installation has to provide less cold and less heat entails an 

energy saving estimated at approximately 33,000 kWh/year. 

This system requires independent ventilation and an air 

treatment which adjusts the humidity to prevent condensation 

on the cooled ceilings and maintain comfort levels. An 

innovative liquid sorption dehumidifier with lithium chloride 

solution is integrated in the ventilation system. This solution, 

compared to conventional alternatives, offers lower energy 

consumption and very efficient air filtering and hygiene. 

Heat exchangers are used to recuperate heat from the 

return-air and preheat the intake-air in winter. Free-cooling 

controlled by the building management system integrated in 

the air handling units accounts for further energy savings 

during the intermediate seasons. 

nATURAl VEnTIlATIon

Regulations for health sector buildings and the 

cooling requirements in Barcelona’s climate (requiring 

dehumidification) combine to preclude a full naturally 

ventilated building design solution.  

REnEWABlE EnERgy SySTEMS

Building Integrated Photovoltaic System

10 kWp installed power, polycrystalline cells, grid-connected:

55 m2 semi-transparent modules integrated in the vertical 

façade as shading device.

71 m2 opaque modules as conventional roof-top installation. 

Expected annual energy production: 12,371 kWh.

Solar Thermal

23 m2 unglazed roof-top collectors to meet 60% of the 

building’s domestic hot water demand and to contribute to the 

low temperature space heating.

WATER MAnAgEMEnT

Rainwater, and greywater from the washbasins, is collected 

in a tank with a capacity for 15 m3 in the basement and is 

treated physically and chemically (filtering and chlorination) 

prior to use in the dual-flush toilet cisterns and, in case 

of fire, in the sprinkler system. The expected annual water 

saving is 380m3.

BMS and Monitoring
The inclusion of a BMS with modular structure, with the 

possibility of user access and visualization of data via TCP/IP, 

internet or intranet constitutes the control and monitoring 

system of the building. The system allows consultation, trend 

analysis and historical analysis in real time, and also provides 

alarms of malfunctions. 

Energy consumption is being monitored (in chillers, boiler, 

heat-recovery units, dehumidifiers...) in order to find the 

optimum operational conditions to ensure user comforts is 

compatible with energy efficiency criteria. 

Roof top PV modules (above) and 
daylight penetration throughout the building (below)
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EnERgy ConSUMPTIon REFEREnCE And oBjECTIVES oF SARA 

ECo-BUIldIng

• By adjusting temperature goals, high thermal insulation  

 standard and adequate shading devices, a minimum of 25%  

 energy in cooling/heating is saved.  

• The space heating and cooling by radiation accounts for 

 a 32% saving compared to a conventional distribution  

 system. 

• The boiler allows a 15% fuel saving, compared to a   

 conventional boiler. 

• Lighting provides a 25% saving compared to   

 electromagnetic equipment functioning at the same   

 l ighting level.

In absolute figures, the savings/contributions by renewable 

energy sources are expected to be:

• Improved building envelope: 134,000 kWh/yr.

• Space conditioning by radiant systems: 94,000 kWh/yr.

• Electricity production of PV systems: 12,000 kWh/yr.

• Solar thermal installation: 11,000 kWh/yr.

• Lighting control system: 23,000 kWh/yr.

Futhermore, the water demand will be reduced by 35% and 

380 m3 of drinking water will be saved by using rainwater and 

reusing grey water. 

Economic data
The total investment in innovation sums up to 370,000 Euros, 

exceeding slightly the SARA target of a maximum 5% cost 

increase compared to conventional buildings. 

The annual economic saving due to the reduced energy 

consumption is estimated in more than 26,000 Euros, while the 

maintenance costs should be similar to a conventional building.

First hand experiences 
"This project has demonstrated that 
the ambition and vision of aiming 
for higher energy end environmental 
performance, and the practical 
requirements for functionality and 
robustness of systems and materials 
in health service buildings are 
compatible and complementary.  
These two criteria have been our 
guiding principles from the design 
stage through to completion and 

occupation and this is an innovation in itself. The result is a 
building that has provoked positive initial responses both from 
the staff and patients. 

Throughout the project, the search for solutions that offer 
added value in terms of sustainability was adopted by all 
the actors involved in the process. This contributed to the 
development of a very positive, multi-disciplinary team 
approach. All those involved worked hard to overcome

difficulties and find solutions to the problems encountered.  
This collaboration within the local project team, and also with 
colleagues from the SARA project, allowed the initial design 
to evolve and improve. The end results go beyond the building 
itself and are influencing how we approach other projects. This 
health care centre now serves as a reference point for further 
public buildings construction. The experience gained has given 
us impetus to push for performance beyond standard levels.

The building opened to the public on September 17th 2007. 
Energy performance and related climate data are now being 
collected and the initial design hypotheses tested. This 
monitoring process will help to assess which of the innovative 
solutions to repeat in other new public buildings in the 
context of the Catalan Government’s stated commitment to 
implementing sustainable measures in public buildings.

Francisco Garcia-Moreno,

Building projects manager, 

Physical resources Department,

Catalan Health Service (CATSALUT)

Barcelona, October 2007.

Expected Energy demand 
(kWh/m2.a)

Standard Building Eco-building
220

Saving
148 33 %

Solar protection on the principal (South-westerly) façade
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Mercator Centre ljubljana, Slovenia

       

Summary
The design has been modelled and analysed by the 

University of ljubljana. of note, the performance data of 

the ‘light tubes’ that are to be installed in the supermarket 

to increase the penetration of daylight to all areas of the 

building, reducing the buildings energy consumption. This 

work has been disseminated to technical audiences at 

various conferences. 

Interest generated locally by the project is high; the 

University of ljubljana have produced a Slovenian language 

version of the project web site bulletin. 

Context
Mercator is the leading retailer company in South East Europe. 

It owns more than 1000 shops and hypermarkets of different 

sizes. It is obvious that the energy costs are becoming more 

and more significant and they have a direct influence on profit 

and loss of the company. For this reason Mercator has started 

to adopt a systematic approach to energy reduction in their 

shops.

The project, 
the challenges
"The SARA Project is most 
beneficial for the Mercator 
company because we are able to 
check and implement technical 
solutions which we should use 
in our future development. We 

invest 250 M Euros per year for building new shopping centres 
and we shall definitely use the findings of the SARA project in 
our new buildings. 
Apart from the energy benefits the principles of energy saving 
and environmental protection in building Mercator centres 
there is also a responsibility for the community to which 
Mercator belongs with its 20.000 employees. Everybody needs 
to contribute to the environmental aspects of life."

Mr. Marko Umberger, 

Executive Director, Mercator.

Solutions
InSUlATIon

•  High insulation levels, average U value = 0.2 W/m2K.

•  40% reduction of thermal energy.

•  Structure of the envelope: large area floor heating 

increased thermal insulation, daylight conductors, solar 

gain protection. 

*Improvement not possible due to constructive reasons,

  however, only represents 3% of total floor area.

glAzIng 

Low e, argon fil l ,  double insulating glazing, U (whole window 

including frames) = 1.1W/m2K. Roof (R1): Ug-value 0.3. Other 

glazing: Ug-value 0.58.

lIgHTIng 

Use light tubes to bring natural daylight to areas of the 

supermarket that would otherwise rely exclusively on 

electrical l ighting. 40% reduction of energy needed for 

artificial l ighting.

Illumination strategy with priority for daylight stressed 

combination of skylights and sunpipes. 

Factors to be taken into consideration: i l lumination levels, 

sensors distribution plan, luminous intensity, clear sky, 

azimuth, elevation, zoning, comfort levels.

Expected energy savings: 21,000 kWh.a – 28,000 kWh.a, 24 

– 32 kWh/m2.a. A model will be made in order to measure the 

daylight influence. 

ULFGG are developing the innovative lighting control strategy 

for the supermarket project in Slovenia.

HEATIng And CoolIng SySTEM 

Innovative heating and cooling system: CO2 demand based 

ventilation system: basis displacement system (0-2m), 

harmonised with floor heating (winter) and cooling (summer)

Due to more favourable temperature gradient achieved with 

floor heating compared to the classical systems, comfort 

dwelling conditions in a room are achieved also with 

temperatures, otherwise by about 2 °C lower than those 

achieved by the conventional (convector or radiator) heating. 

By using floor heating or cooling, also the air quantities 

Typology Supermarket situated on the out-
skirts of ljubljana

Useful floor area 43,076 m2 gross area, 26,298 m2 
heated area, ground floor, 

 partly with mezzanine, 
 underground parking facilities

Promoter SARA Partner 9 Poslovni Sistem 
Mercator, MERCAToR

 www.mercator.si

other participants SARA Partner 10 University of
 ljubljana, UlFgg
 http://fgg.uni-lj.si/

The supermarket right after the opening

area    

outer wall 0.40 0.19

roof  0.25 0.13

ground floor 0.45 0.45*

glazing  1.4 1.1

Slovenian Regulation min 
U-values 

proposed values  
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used for ventilation can be significantly reduced, since the 

necessary heating or cooling energy is supplied into the 

room already with floor heating or cooling. For this reason 

the actual effects, especially in the case of floor cooling, are 

comparable only with simultaneous consideration of reduced 

ventilation.

The term ventilation means besides restoring the air quality 

in a certain room also the necessary supply of heating 

or cooling heat in this room. In most of the cases, when 

only air is used for the air conditioning, normally much 

larger quantities of fresh air are needed to achieve the 

necessary internal temperatures than those needed just 

to remove harmful admixtures. Displacement ventilation 

means ventilation of the room, where the air in the room 

is exchanged by supplying air that is cooler than the air 

temperature of the room. Compared to mixing ventilation, 

used in most buildings, the temperature required is 1-2K less 

for room heights upto 3m and as much as 4K in higher rooms. 

The displacement ventilation also pushes harmful substances 

to the ceiling, leading away the polluted air at the height of 

the ceiling, and supplying fresh, cooler air at the floor height. 

Such ventilation ensures good air quality in the dwelling 

area. In a room, ventilated by displacement, the efficiency of 

air exchange is larger (60 to 70%) compared to a room with 

mixing ventilation (50%). In our case this means reduction of 

the required air renovation by up to 35%. This is especially 

true for the rooms, where the principle of displacement 

ventilation is used, i.e. in the selling area of the supermarket 

and in the shopping arcade.

loW TEMPERATURE dISTRIBUTIon 

The surfaces for floor heating or cooling are normally 

distributed by the main traffic lines in the sales area of the 

supermarket and in the whole shopping arcade. The area of 

the inside floor heating below screed is covered by systemic 

fastening slabs. These are profiled, thus allowing the heating 

pipes to be easily connected into them. The slabs are made 

of polystyrene and covered by PE vapour barrier foil with 

the thickness between 0.1 and 0.3 mm. Used are PE-Xc pipes 

(in our calculated case 18 x 2 mm) from meshed high density 

polyethylene with protection against oxygen transfer through 

the walls. 

It is important to prevent oxygen diffusion from the 

environment through the wall of the pipe into its interior, 

since this prevents corrosion of the metal parts of the 

installation. The normal temperature heating regime is 

40/30 °C, and cooling regime 14/19 °C. Part of the heated 

water is produced by refuse condensation heat from the 

cooling system, and the remaining by using natural gas. The 

cooling water is produced by using cooling aggregate. 

Based on experiences it can be established that floor heating 

presents an important source of heat in the winter period, 

when the external temperatures are below 10 °C. In other 

conditions floor heating is not important, especially due to 

sufficient internal heating sources, since there is enough heat 

supplied into the rooms with the heated air.

On the other hand, experiences also show that floor cooling 

represents an efficient supplement to the cooling of rooms at 

external temperatures of above 25 °C.

The decisive factor of displacement ventilation is the diffuser. 

These are mainly built into the walls or are placed by the 

structural columns of the building. Diffusers are designed 

in such way to allow mainly stable air flow, without the 

unnecessary effects of draught on the floor, mixing of air in 

the room or suction effects along the perforated surface. The 

exit surface of the diffuser is made of perforated wood or 

stainless material. 

The air speed drops with the increasing distance from the 

diffuser, with the speed directly by the diffuser reaching 0.2 

m/s. The speed is also higher in the floor area. Also, the limit 

speed of air can be higher in the summer than in the winter 

time. The limit is the temperature gradient that should not 

exceed 3 K/m between 0.1 and 1.1 m above the floor. 

The efficiency of the system is reduced by shopping shelves, 

placed near the diffusers or sources of air. This is true for the 

supermarket area, while in the shopping arcade the situation 

is in this respect considerably better. 

HEAT RECoVERy 

• 5% reduction in energy costs expected. 

• Specifications: Rotational heat exchanger.

• Volume flow of fresh air 316,000 m3/h.

• Volume flow of exhaust air 281,000 m3/h.

REnEWABlE EnERgy SySTEMS

Roof mounted, surface SE orientation, 30 °C inclination, 40 

monocrystalline silicon solar cells, nontransparent modules, 

total surface area: 50 m2, 2 invertors, all energy will be

sold to the network; 6,800 – 7,800 kWh/a predicted 

production.Radiant floor heating/cooling being installed

Displacement ventilation



1�

S
A
R
A

BMS and monitoring
Heating and cooling system management and control + 

Comfort control system + Inclusion of information technology 

elements for on-line presentation of real time data on: 

a)  energy consumption and cost; 

b)  environmental impacts information system on three   

levels of access to data: user, building manager and public   

(research data for selected partners available through 

 www.system.si). 

BMS (BUIldIng MAnAgEMEnT SySTEM) And MonIToRIng 

•  Solar control system on thermal and daylight level and 

night insulation on glazed surfaces.

•  Information - control system: structured demand side and 

public information oriented monitoring and information-

control system. 

•  On line information system.

The main goal of the project is the establishment of real time 

control system in the framework of the global information 

system of the building for performance control and direction 

and on line presentation of selected data for public. The main 

problem is clean distinction of different influential factors. 

Mixed data where there is no comparison possible between 

hot water, heating, transmission losses, ventilation losses, 

heat output from the heat generation plant etc (some random 

factors from annual energy balance of a building EN 832) have 

marginal importance on demand site management on the level 

of users which is the most important part of the evaluation 

system. All interventions in the field of energy consumption 

will be supported by dynamic thermal analyses with the use 

of selected internationally verified software. Monitoring 

activities will start with the design of the monitoring phase 

prior to construction and will include measurement of 

relevant parameters during construction. Monitoring will 

cover heating, electricity and water consumption, solar 

radiation, i l lumination levels (including day lighting) and 

different temperatures (inside and outside) humidity. Part 

of this phase is also checking of simulation and monitoring 

equipment.

FoRESEEn MEASUREMEnT QUAnTITIES 

Microclimate: Ambient air temperature - Ambient air humidity 

- Global solar radiation on horizontal level - Energy Systems 

Heating consumption (gas heating) - Cooling consumption 

(electricity) - Lighting consumption (electricity) - Total 

electricity consumption - Indoor comfort - Indoor air 

temperature - CO2 concentration - Indoor air humidity 

- Lighting levels.

dATA ACQUISITIon And MonIToRIng STRATEgy 

During measurements of efficiency of predicted solar tubes 

in the real scale model data were monitored by PC driven 

HP3852A Data Acquisition system connected by HP 37204 

HP-IB Extender and supported by UPS and using the following 

sensors: photocells Megatron type M for il luminations levels, 

thermocouples type T for temperature, Rotronic Hygromer 

MP for relative humidity, Kipp&Zonen CM-6B for global solar 

radiation.

All monitored data in the building are collected by installed 

BMS.

Microclimate:  Sensors for ambient air temperature and 

ambient air humidity are mounted on the north elevation 

of the building while sensors for global solar radiation and 

wind speed and orientation are mounted on the roof of the 

building.

Heating/cooling:  Building is supplied with several heat meters 

connected to the BMS. They will enable metering of heating/

cooling consumption of the whole building and selected zones.

Electricity: Several conventional electricity meters enabling 

metering of electricity consumption of the whole building, 

cooling devices, ventilation and lighting for selected zones 

are installed.

Indoor comfort:  For selected zones indoor air temperature, 

CO2 concentration, indoor air humidity and il lumination levels 

are registered.

Energy data
EnERgy ConSUMPTIon REFEREnCE And oBjECTIVES oF 

SARA ECo-BUIldIng

Economic data
•  Heat recovery system : Energy system cost reduction 

 of 5%.

•  reduction of thermal energy up to 40%.

•  40% reduction of energy needed for artificial l ighting. 

•  40% increase in sales.

•  up to 40% overall saving on energy costs.

•  50 cm sunpipe saves 520 kWh per year.

Daylighting and artificial l ighting harmonization

Expected energy demand Standard building Eco-building Saving

(kWh/m2/yr) 538 323 40%
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Municipal youth Centre, napels, Italy

       

Summary
The Real Albergo dei Poveri is an important historical 

monument; its huge dimensions count 100,000 m2 surface 

(whose very relevant portion of 7,500 m2 participate to 

SARA project) and 830,000 m3 total volume. It naturally 

draws the attention of the media. Activities to disseminate 

eco-building performance standards in heritage fields 

include the visit of an European Commission delegation in 

november 2005, a presentation to the UnESCo ambassador 

in Paris (december 2004) and a local press conference. It 

is planned a special edition of the 'Quaderni di Restauro' 

dedicated to the SARA project's influence on the building 

restoration.

The project, the challenges
In the priority necessity of respecting the legislation for 

heritage building, all the efforts have been made in order to 

propose an Ecobuilding that is responsive to external climate 

factors such as solar energy, use of natural lighting. In this 

direction the design integration has become very early part 

of the process, even if most performing and successful results 

must match with Italian heritage building regulation and 

observations. All the drawings have been verified, accepted and 

adopted by the Municipality. Various worksites are in progress; 

one of them (Lot AB) forms part of the SARA project.

Goals and strategies of the Ecobuilding

•  Necessity of consolidation and reconfiguration of damaged 

and not appropriated parties of the building; 

•  To equip the City of Naples with a flexible building.

Context
Ex Real Albergo dei Poveri is a public access building; it will 

become Città dei Giovani (universities, research, exposition, 

cinema, music, theatre, info points for the employment, 

meeting and exchange point, incubator for enterprises, offices, 

classrooms, auditorium, library, cafeteria, restaurants, etc.)

Solutions
InnoVATIVE MATERIAlS

The building is being refurbished using traditional, locally 

sourced, materials, whilst aiming to achieve high thermal 

efficiency and sustainability criteria in the selection of the 

materials. 

The priorities that must be taken into consideration are:

•  Respect for the ancient building, its history, its   

 already existing historical materials and its shape; 

•  Use of traditional techniques in reconstruction;

•  Use of local, natural and ecological materials in the   

 restoration. 

These criteria are particularly relevant to:

•  Demolition of concrete walls of the upper floors that   

 unbalance the building;

•  Reconstruction of the upper part of the building using  

 traditional building materials that are sustainable and  

 provide excellent insulation efficiency (see il lustration).

THERMAl MASS ConSIdERATIonS 

The building is a massive structure and its walls have got very 

good thermal insulating properties. The restoration project 

aims to use this within the energy strategy.

lIgHTIng 

•  Improving natural l ighting use: maximum of natural 

l ighting (passive solar design) in order to reduce the 

energy demand for lighting, associated with good control 

of overheating in summer.

•  Lighting control: use of high performance lighting in 

order to be below the standard energy ratio for lighting 

consumption in offices.

HEATIng And CoolIng SySTEM 

Use of high performance gas boiler with low temperature 

floor heating.

nATURAl VEnTIlATIon 

Air conditioning system is not compatible with the 

monumental building. Low thermal transmittance of the walls 

allows to maintain good thermal comfort conditions in winter 

time and in summer time as well. Ventilation is granted 

thanks to air exchanges through manual devices.

Typology Public access building

Useful floor area 7,500 m2 refurbishment

Promoter Comune di napoli, nAP
 http://www.comune.napoli.

it/flex/cm/pages/ServeBloB.
php/l/IT/IdPagina/1

other participants giorgio Croci, group leader, 
 Italian, engineer 
 didier Repellin, group leader, 

French, architect 
 Mario Biritognolo, Italian, 
 engineer
 Francesca Brancaccio, Italian, 

architect
 giuseppe Carluccio, Italian, 
 engineer
 nicolas detry, Belgian, 
 architect 
 laurence lobry, French, 
 architect 
 Pascal Prunet, French, 
 architect 
 Paolo Rocchi, Italian, architect

Building roof prior to refurbishment
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Expected energy demand Standard building Eco-building Saving

(kWh/m2/yr) 250 175 30%

REnEWABlE EnERgy SySTEMS 

72 kWp of roof integrated photovoltaic are planned for the 

first portion of the building and the project has been 

approved by the relevant ministries. 

The total roof surface is about 30.000 m2 and about 3.700 m2 

can be covered by PV 

Tenders for about 520 m2 (Lot AB participates to SARA 

Project) and 430 m2 (Lot C) of PV are concluded. This allows 

the internal replicability of the project.

To be in accordance with the original building pattern, custom 

designed semi-transparent PV modules will be installed to 

produce around 88125 kWh/yr of electricity.

WATER RECoVERy 

Large storage tanks will be created under the ground to store 

rainwater collected by the building. This will be used for 

toilet flushing thus reducing the water needs of the building.

MonIToRIng 

The performance of the photovoltaic system will be 

monitored according the international standard CEI/IEC 61724 

(Photovoltaic system performance monitoring - guidelines for 

measurement, data exchange and analysis) as for instance:

•  Incident irradiation Gi in W/m2.

•  Ambient and module temperature in ºC.

•  Energy produced by the PV system Etu in kWh.

•  Energy from Utility Efu in kWh.

The 3 upper floors will be equipped with irradiation sensors to 

measure the degree of natural l ight and with temperature 

sensor to measure and control the evolution of the corridor 

temperature, especially during summer.

First hand experience 
"Naples Municipality considers its 
participation to SARA project a 
successful achievement; it rewards the 
commitment into design and realize 
activities of Real Albergo dei Poveri’s 
refurbishment: designed works have 
been approved, thanks to high design 
quality, by cultural heritage ministry 
and by the European Commission 
thanks to sustainability of choices 

over both materials and reconstruction techniques. The Real 
Albergo dei Poveri is located in the historical centre of Naples 
and this work can be considered a pilot experience. Indeed 
it will  be replicated both in different sections of the same 
building and in different monumental buildings nearby”

Pocco Papa, 

Professor and Engineer (Statement as Vice Mayor of Naples, 

press conference, 12th June 2003)

Energy data
The whole project of consolidation, restoring and re-using 

of the building will cost 25,000,000 € .  The SARA Project 

amounts to 5% of the costs of the Lot AB (21,000,000 €).

 
Extra costs of eco-building aspects as a proportion of total

refurbishment budget.

Section integrated solar design for the upper floor 
considering daylighting, solar protection, ventilation and 

solar electricity generation

Principal façade of this historic building
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Building Training Centre, Bukhara, Uzbekistan  

 
 

Summary
An important bi-lateral learning process is taking place as 

the French-led design team learns from local traditions, 

wisdom and practice and offers European ideas and 

solutions where appropriate.   

The specific project is to restore the Madrasa Rachid, 

('CAREBUK' project), as a historical piece of art in 

Bukhara’s urban fabric. The building is the property of the 

city of Bukhara, a partner to the renovation project. The 

renovation started in june 2004, following an eco-building 

approach intended to make Madrasa Rachid a pilot site 

for urban ecology in the region. The aim is to preserve a 

harmonious relation between an ancient building and its 

urban and human environment. The building work is being 

implemented with a twofold goal: enhancing the assets 

of local culture, in terms of building material, craftsmen’ 

know-how, environment, and promoting the modern approach 

to heritage restoration (critical restoration).

SARA related construction on-site is currently complicated 

by geo-political situation in Uzbekistan but dissemination 

related to the project is not affected.

Context
Bukhara, which is situated on the Silk Road, is more than 2,000 

years old. It is the most complete example of a medieval city 

in Central Asia, with a largely intact urban zone. Monuments of 

particular interest include the famous tomb of Ismail Samani, 

a masterpiece of 10th-century Muslim architecture, and a large 

number of 17th-century madrasa.

The Madrasa Rachid is in an inhabited quarter, which includes 

many traditional houses and is a living example of a medieval 

urban fabric. This quarter is comparable to a human body, the 

heart of which is the Madrasa, built along the Shakhrud canal 

constituting the spine, not far from the stone pool which is like 

the lung. The alleys and the streets are the veins and arteries 

of this body. This central location means that the Madrasa 

Rachid is different from the other Madrasas of Bukhara, which 

are more isolated, separated from their original environment, 

like pieces in an open museum. The Madrasa Rachid built 

between the XVII-XVIII centuries using a traditional brick 

construction method, with interior plaster walls consists of 

individual cells (12 m2) organised around the central courtyard 

(180 m2). On the South side, near the canal, the building has 

two levels of cells.

In developing countries architectural heritage is a limited 

resource existing in a fragile equilibrium and may disappear 

due to the pressure of economical development. For example, 

the creation of structures for tourism may cause the 

disappearance of traditional housing and buildings like Madrasa 

Rachid, especially if they are in poor condition. The Madrasa 

Rachid is currently in a deteriorated state of repair. 

The building in Bukhara is a good example of sustainable 

and replicable refurbishment and revitalisation of ancient 

structures. Many cities in comparable climate regions are 

dealing with similar tasks in refurbishment and reconstruction. 

The project, the challenges
The refurbishment design challenges focussed on integrating 

sustainable concepts in extreme continental and arid climate 

regions. This motivated a detailed study concentrating on 

the climatic, local and cultural boundary conditions and their 

interaction with the thermal performance of the building. 

Specific key benchmarks have been identified for innovative 

passive solar design strategies and utilisation of renewable 

energy systems by conducting simulations on the thermal 

behaviour and evaluating the potential use and integration 

of active solar systems, natural ventilation and low energy 

cooling strategies. The results support the approach of 

sustainable development most effectively by applying both 

traditional and modern, energy efficient solutions.

The practical challenges involve collaboration between two 

very different cultures operating at a great physical distance 

and a geo-politically complicated situation. 

Typology Abandoned old school to be 
transformed into Building 

 Training Centre.

Useful floor area 750m2 rehabilitation

Promoter Association TESSElATUS, 
 TESSEl, The City of Bukhara, 

http://www.bukhara.net/

other Participants zoir Klitchev, 
Bukhara,Uzbekistán

 nicolas detry, lyon, France
   Francesca Brancaccio, naples, 

Italy

Architects design for integration of the new structures with
the existing building

Main façade of the existing building
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Solutions
The entire pavement will be reconstructed (the cells currently 

have only dirt flooring); with the opportunity of building the 

pavement again. It is hoped to include a low temperature 

heating and cooling system using the thermal inertia of the 

floor. The walls of the existing Madrasa Rachid are made 

of bricks, with a mortar based on gypsum and very little 

lime. The same materials will be used for the restoration. 

The plaster will be made of gypsum, lime, sand and ash, the 

traditional composition. The walls are of structural brick 

covered by plaster inside. The thickness of the wall (including 

the plaster) is 60 cm. This kind of construction is very well 

adapted to the local climate.

The building is covered with a brick dome that will be 

restored, internally and externally, with traditional materials. 

A thick layer of clay will be put around the existing vaults. 

This layer will fi l l  in the spaces between the vaults to give a 

horizontal surface. A thin layer of lime mortar and traditional 

square brick flooring will finish the surface. The finished 

structure will create a transitable terrace (with views over 

the surrounding areas) and provide thermal insulation for 

both winter and summer. The new structure necessary for the 

new use of the Madrasa ('Heritage resource centre') is made 

essentially of wood. Locally sourced wood will be used. 

For the new structure a metal roof is planned to facilitate 

integration with the solar collectors and the complex 

geometry and also to provide a new architectural identity. 

InnoVATIVE MATERIAlS

Traditional materials and methods are being used.

THERMAl MASS ConSIdERATIonS 

Passive moderation of the external temperatures using 

the thermal mass of the building is the traditional energy 

strategy. The project aims to optimise this strategy by the 

incorporation of modern design and technology.

lIgHTIng 

Use and moderation of natural l ight by choosing the uses of 

internal spaces as a function of the il lumination needs of the 

relevant activities and the provision of fixed and mobile solar 

protection devices. 

Lighting control by use of vegetation and rooftop pergolas. 

nATURAl VEnTIlATIon 

Cross ventilation between distinct facades.

REnEWABlE EnERgy SySTEMS

•  Photovoltaic: 4.8 kWp roof integrated PV system with 

additional shading function

•  Solar Thermal: 43 m2 solar thermal collectors

WATER RECoVERy 

Rainwater collection is planned.

BMS and monitoring
The monitoring will be composed of: 

•  Thermal sensors to measure the ambient and inside 

temperature, 

•  Energy meters for the consumption of electricity and for 

the production of the photovoltaic system, 

•  Heat meters for the consumption of gas and for the 

production of the solar thermal system.

Energy data  
EnERgy ConSUMPTIon REFEREnCE And oBjECTIVES oF SARA 

ECo-BUIldIng

Economic data
The demonstration is postponed due to geopolitical and co-

financing complications. This project will continue beyond 

SARA and the French team is looking for supporters for the 

project.

First hand experiences 
The first international onsite teaching session was co-

organised by Tessellatus and GAIA de Lyon, a non-profit 

organisation. This first onsite teaching session was a 

technical and social success; the planned work programme 

was completed.

As Catherine de Maria wrote, “This on site teaching session, 

led by a series of Ouzbek buildings professionals (master 

craftsmen, architects, archaeologists...) as well as Europeans 

was a unique opportunity to exchange practices and learn 

through apprenticeship on many levels; technical, cultural, 

social and human. The daily activity on the renovation 

site involved not only building professionals but also local 

inhabitants (both adults and children); inhabitants who were 

able to rediscover the beauty of their heritage as the site 

rehabilitation progressed. This re-discovery renewed the links 

between the local population and their cultural heritage, and 

led to a change in attitude regarding ancient buildings: the 

local population is (again) an actor in the preservation of 

their heritage and patrimony.” 

Expected Energy demand Standard building Eco-building Saving

(kWh/m2/yr) 300 210 30%

Nicolas Detry Architect (centre) with local workers on site (2004)

State of repair of the building and local restoration techniques
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Summary
The Bilbao project, to be finished in 2007, is focussed 

on the possibilities to introduce sustainable solutions in 

renovations of old, historical buildings. 

The energy savings potential in Spanish Demohouse building 

comparing to standard renovation turns out to be really 

huge, since traditional practices are very simple (e.g. poor 

insulation) and energy saving awareness is still incipient in 

buildings renovation. This results in economically interesting 

pay back times. On the other hand, unexpected delays in 

such a project should be taken into account. 

The Bilbao project proves that renovation of buildings is 

a very relevant field where the decrease of greenhouse 

emissions has a great potential.

The project, the challenges
This project aims at demonstrating that sustainable solutions 

can be introduced in renovation of very old historical buildings 

with acceptable payback periods of extra costs, and also being 

a good practice model for other similar buildings in the area 

(and the city as well) that will be renovated.

Context
The building is located in one of the historical quarters of the 

city of Bilbao, Bilbao La Vieja. This district has been for the last 

decades a degraded area with important problems of delinquency 

(drug traffic, prostitution, illegal immigration, etc.). However, 

Bilbao La Vieja is currently under a redevelopment process 

launched by the local authorities, which involves a renovation of 

old infrastructures, a more socially balanced environment and 

a socio-economic dynamisation of the quarter (e.g. supporting 

young people with social housing). 

In this framework, one of the main goals of the demonstration ac-

tivity is future transferability and repeatability in other buildings 

of the area, which involves a large number of potential housing 

renovations. Currently energy efficient renovation activities is 

strongly being encouraged by public bodies; and Demohouse proj-

ect building is intended to be used as a good model/example for 

replication by private companies working in this field.

BuilDing COnSTruCTiOn  

The building has been renovated due to very weak structural condi-

tions which could not ensure safety conditions. Although some ac-

tions were carried out during the 60’s, no significant changes were 

included, and most of the features of the building have remained 

since the construction in 1910. The age and low maintenance condi-

tions along the years of the building involve very poor conditions 

before renovation: single pane windows, no insulated walls, many 

uncontrolled air leakages,....

Although framework and main façades have been preserved, all 

other issues have had to be redesigned, including internal layout of 

the dwellings, roof, final use of the spaces, insulation and heating 

equipment.

Solutions
BuilDing COnSTruCTiOn

One of the main measures to be carried out has been thermal 

improvement of the envelope, including:

• External wall insulation. Although 5 cm of mineral wool  

 was initially planned as insulation, research activities   

 have allowed identifying aspects with best cost-effective   

 response. As a consequence, insulation thickness of façades,  

 roofs and basement has been increased by 5 cm compared to  

 the original plans (considering other parallel aspects such as  

 dwelling space, framework loads, etc.), assuming that the   

 extra costs will benefit in the long-term.    

 Thermal bridging problems have also been addressed.

• Windows. Low-e 6/12/6 double pane windows will be installed  

 in the buildings, which can be considered as best available   

 product in Spanish market.

• Air tightness has been addressed, installing one-piece roller  

 blind boxes connected to window in order to avoid unexpec-

 ted air leakages. This is a usual heat loss problem in Spanish  

 buildings construction.

Old residential Building, Bilbao, Spain

The building in its original state

The building in its original state

Typology Before: residential + 
 Commercial    
 After: residential

Total floor area Before: 870 m2  

 After: 730 m2

responsible  Surbisa
partners  labein
 Eptisa-Cinsa



HEATing SySTEm

Originally a central heating system with radiators for the whole 

building was planned, but it was changed into a floor heating 

system (based on central condensing boiler) in order to improve 

users’ satisfaction in terms of thermal comfort.

PV mODulES & SOlAr THErmAl PAnElS

Renewable energy has also been integrated in the building: solar 

collectors are planned to assist domestic hot water production 

and also a 5.7 kWp photovoltaic system to produce electricity 

(sold to the grid). The preparatory studies for renewables have 

considered not only the technical aspects (area, orientation, 

slope, etc.), but also a balanced calculation including socio-eco-

nomic aspects of the investment. According to these calculations 

(optimisation of the ratio thermal/electrical systems), 50% of 

domestic hot water can be achieved through thermal equipment 

and an electricity production of 4,545 kWh/year is estimated for 

the PV modules.

ligHTing

High efficiency lamps will be installed in the building. Within the 

dwellings, dimming controls have been designed for automated 

blinds operation aiming a balance between thermal comfort 

(energy gains by solar radiation) and visual comfort (daylight 

control). Lighting in common areas of the buildings will be acti-

vated by presence sensors, minimizing the operation time.

Energy data
Three scenarios have been considered for energy saving 

calculation:

• Building before renovation: very poor constructive quality.

• Virtual Building: Renovation according to standard practice  

 in building renovation.

• Actual Renovation: Renovation according to sustainable   

 measures defined within Demohouse project.

It is clear that the initial situation is highly energy wasting with 

huge energy demands. Standard renovation provides a signifi-

cant improvement of about 22% energy savings. However, actual 

renovation will improve the energy performance around 75% out 

of the original situation and 68% out of the standard renovation.

These energy consumptions can be translated into CO2 emissions 

according to emissions associated to natural gas combustion and 

according to energy mix of the electricity consumed in Basque 

Country. The CO2 emission reduction is also significant and it is 

proved that renovation of buildings is a very relevant field where 

the decrease of greenhouse emissions has a great potential

(1.13 Tons CO2 /year in the demonstration building).

Economy
Energy savings can be translated not only into environmental 

benefits but also in economical terms. By means of a simple 

economical analysis following results can be obtained.

This is based on the following energy costs:

Heating: 0,045 €/kWh

Electricity: 0,100 €/kWh

    renovated

55

25

18

4

55

22

77

76%
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gross energy demand (kWh/m2 year)

Energy

Cortes 34:

Q (heating)

Q (hot water)

Q (lighting)

Q (equipment)

Q (thermal total)

Q (electric equipment)

TOTAl

rEDuCTiOn

 Before renov.

245

49

19

4

295

23

317

 Standard renov.

175

49

19

4

224

23

247

22% 

The building in its original state

Emissions CO2 (kg/m2 year)

CO2 Emissions

Cortes 34:

Q (heating)

Q (hot water)

Q (lighting)

Q (equipment)

Q (thermal total)

Q (electric equipment)

TOTAl

rEDuCTiOn

 Before renov.

47

10

4

1

57

4

61

 Standard renov.

34

10

4

1

43

4

48

22% 

    renovated

11

5

3

1

15

4

20

68%
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According to the results it is clear that relevant economical 

savings can be achieved through the improvement of the energy 

performance of the building. This should be another important 

incentive to encourage these renovation actions. Estimated 

money savings in operation costs for the Demohouse building 

will be higher than 50% out of the standard renovation (virtual 

building).

These results do not include electricity production generated by 

photovoltaic modules of the roof, which are estimated around 

2,500 e/year (based on current national law on renewable 

energy production). Considering this figure, a payback time rate 

of approximately 25 years is estimated (total savings: 5,900 

e/year).

First hand experiences
• Energy savings potential in Spanish Demohouse building 

comparing to standard renovation is really huge, since 

traditional practices are very simple (e.g. poor insulation) 

and energy saving awareness is still incipient in buildings 

renovation.

• Unexpected problems in the reinforcement of old buildings 

can cause delays in the renovation programme. Exploratory 

studies should be carried out in order to prevent difficulties 

(although not always is enough, as in Demohouse building, 

where despite the preparatory studies many problems in the 

foundations have arisen).

• The promising preliminary calculations on energy savings 

and the direct transferability/repeatability to many potential 

building renovations show a very hopeful scenario for hous-

ing renovation in Bilbao (and even in the Basque Country 

and/or Spain).

Total eligible costs

 Euros

Building  228,700

Design 70,000

monitoring 55,000

reporting 47,000

TOTAl 460,700

Operation costs per dwelling (o/year)

Costs

Cortes 34:

Q (heating)

Q (hot water)

Q (lighting)

Q (equipment)

Q (thermal total)

Q (electric equipment)

TOTAl

rEDuCTiOn

 Before renov.

449

91

74

16

540

90

630

 Standard renov.

321

91

75

16

411

91

503

20% 

    renovated

101

45

71

16

146

87

233

63%

Roof construction

Insulation
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Summary
This project has the potential to have a great impact on 

future renovation projects in Újpest and in Hungary. Espe-

cially as the only other Hungarian low-energy renovation, 

the SOlAnOVA-building in Dunaújváros, is far from Budapest, 

has another building type and a totally different ownership 

system. 

The project will draw the attention to solar renewable energy 

systems use (thermal collector and PV) and will point out 

that future social housing projects should focus on energy 

issues, not being the practice yet. The importance of quality 

control will also be emphasised.

Besides, as a result of the low operational cost, it will be a 

unique example for social housing for middle- and low-in-

come people.

The project, the challenges
The project aims at the retrofit of three empty military build-

ings by transforming them into social residential buildings. In 

the neighbourhood area a new housing block was established in 

2006, the dwellings were sold and the new tenants/owners now 

live there.

Although research can provide very important data about the 

thermal behaviour of this building type and the possible mea-

sures savings, the main purpose of Demohouse is the demon-

stration, as low-energy renovation is stil l  very rare in Hungary. 

An important drawback however, is that for this building type, 

there are no monitoring data available yet. 

Due the cut of the central subsidy, the Local Authority of 

Újpest decided to apply for a Private Public Partnership scheme 

for the financing of the retrofit project. This will also be a 

solution to avoid the barriers of the changing subsidy systems.

The project is the latest part of the design works. The works 

will start with the implementation of the PV-assisted ventila-

tion and the construction of the prototype roof-top apartment 

and then will continue with the retrofit of the buildings.

Context
The project site is situated at the northern border of Budapest, 

in Újpest, close to the planned M0 outer ring motorway, the m2 

national highway and the Danube River. It is a former military 

area, where the buildings were mostly demolished, and a new 

canalisation-system has been established.

BuilDing COnSTruCTiOn 

The buildings, built in 1955–1960, have masonry walls without 

insulation and single glazed windows. Since the building has 

not been use for a while, they are in a bad condition. Most 

windows e.g. are broken. According to calculations, the energy 

consumption if inhabited in the current state would be above 

200 kWh/m2a.

Solutions
rOOF-TOP APArTmEnTS

apartments. The roof will be built with high thermal resistance 

(U = 0.2 W/m2K). As the main axis of the roof is North and 

South, for the better orientation of the solar systems a flat 

roof area was planned between the two West-East oriented 

pitch roofs. An extension opportunity is planned. For natural 

ventilation and natural l ighting integrated roof windows are 

planned. 

Solanova Building, Budapest, Hungary

Photo and layout of the project area The project building in its recent state

The project building in its recent state

Typology Before: military building  
 After: residential building,
 social housing

Total floor area 2,100 m2 , 3 storeys

responsible  Emi, non-profit Company for 
project partners  Quality Control and innova-  
 tion in Building



26

D
em

o
h
o
u
se

BuilDing EnVElOPE

The internal walls will be demolished and new light-weight 

partition walls will be erected. The external walls and the 

size of the openings remain, but ETICS will be mounted on the 

walls. In the three buildings, thermal insulation of different 

thickness will be applied (6, 12 and 20 cm). Here lower heat 

conductance polystyrene will be implemented, achieving better 

thermal insulation in the same thickness. New low-e windows 

(U=1.2 W/m2K) with external shading will be installed.

VEnTilATiOn

After the retrofit, the air-tightness of the building is expected 

to improve significantly. An effective mechanical ventilation 

system is planned (with partial heat recovery), which is not a 

current practice in Hungary. It is planned to run the ventila-

tion from a renewable power supply by installing PV-modules 

on the flat part of the roof. In the initial phase the produced 

electricity will be sold to the net, as green electricity yields 

higher prices. Later, when this benefit will  be not the case, the 

electricity will be used to assist the ventilation. 

In the first demo phase the PV-tower assisted heat recovery 

ventilation system will be installed and tested in the reference 

building in three flats. Here the efficiency, the relative humid-

ity, the acoustic load and the user behaviour will be tested.

HEATing

In one of the buildings we will use a biomass wood chip burner 

and solar thermal collectors for heating and domestic hot 

water, which for Hungary is a new (integrated) system. The two 

other buildings will be equipped with gas burners, also assist-

ed with thermal collectors. In the initial phase 1 m2 collector 

surface/ dwelling is planned, but the system will have the 

opportunity of a later extension of 2.5 m2 collector surface/

dwelling. The collectors will also be installed on the flat roof.

PrOTOTyPE

For further testing and dissemination, a prototype of the 

(half) roof-top apartment will be installed in a central place 

of the district, with an aim of achieving a CO2 neutral building 

with very low energy consumption, using a heat pump and 

PV modules.

WATEr AnD WASTE

Reuse of rain water and selective waste management system 

is foreseen. 

mOniTOring

The renovations and the demonstration activities will be 

assisted with quality control and monitoring. The air-tightness 

will be measured by blower-door tests after installing the new 

windows and finishing the whole building. The reduction of the 

effect of thermal bridges will be approved by thermography as 

well as leakage detection. The consumption and energy pro-

duction values (gas, wooden chips, water, domestic hot water, 

electricity, green electricity, performance of solar collectors) 

will be monitored and registered for one year. The performance 

(air-flow, temperatures before and after the heat exchangers 

and acoustic parameters) of the heat recovery units will be 

measured, too.

Climatic data, such as outdoor temperature, humidity, solar 

irradiation and wind will also be registered by a weather sta-

tion installed on the construction site. Finally, the comfort 

parameters will be monitored by movable data loggers posi-

tioned at representative points of the buildings. Most sensors 

will register air temperature, but some will measure relative 

humidity and light as well. Light is necessary to see how the 

shading devices are used.

The representative data pattern will enable statistic analysis 

to determine stochastic relations between parameters. This 

will improve the scientific value of the project. 

imPrOVEmEnT DuE TO DEmOHOuSE rESEArCH

As the thickness of the polystyrene thermal insulation could 

have negative influence on fire propagation, the increase of 

the U-value with the same thickness could be achieved apply-

ing a material with higher heat resistance. This innovative 

material will  be applied during the renovation work. 

As an outcome of the reference building evaluation the effec-

tive ventilation is very important due to the high air tightness 

of the building after the reconstruction. Quality control on 

renovation work with Blower Door Test and infrared photogra-

phy allows the possibility of identifying the weak points.

The thermal collector system has good efficiency in the refer-

ence project. An opportunity for later extension of the origi-

nally planned thermal solar collector system is integrated in 

the design. 

3D model of the design options 

3D model of the design options 
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Summary
The greek DEmOHOuSE buildings are a good example of 

healthy, cost effective and energy efficient dwellings. Their 

design aims at the implementation of sustainable solutions 

and the use of renewable energy sources and building energy 

management systems.

They are characterized by excellent indoor air quality and 

very low energy consumption compared to the common 

practice in greece that is characterized by poor levels of 

insulation and not effective systems of cooling and heating.

The estimated energy savings for the greek DEmOHOuSE 

buildings are significant in the area of heating, cooling and 

ventilation.

The project, the challenges
This project aims at implementing low energy and sustainable 

measures in new to build dwellings, in compliance with the 

needs of the Greek market and the climatic characteristics of 

the area; also considering solutions with reasonable payback 

periods. 

Context
The buildings are developed in a private area of 130 acres, on 

the foothill  of mountain Dionysos, north of Athens. The site is 

suburban and has easy access to the center of Athens, to the 

surrounding suburban areas and to the beach of N. Makri and 

Sxinias. It is very close to the facilities of Ekali and Kifisia 

area (pharmacy, mall, clinics etc) and the national highway of 

Athens-Lamia. Also, the site has easy access to the airport.

Greece participates in the DEMOHOUSE project with a new 

housing complex. Four buildings (maisonette type) are under 

construction: The maisonettes consist of 3 detached houses of 

similar design and are intended to house a 4-6 member family 

each. The maisonette has three levels and a total floor area of 

approx. 900m2 with store rooms in the basement, l iving, dining 

area and kitchen in the ground floor, and bedrooms in the first 

floor. 

BuilDing COnSTruCTiOn

The Greek DEMOHOUSE project is a new to build housing complex. 

The construction of the dwellings follows the typical practice in 

Greece: reinforced concrete baring structure, brick–cavity-brick 

for the external walls and steel roof structure with tile cladding 

but with increased insulation levels compared to the existing 

building regulations. Double low e glazing with thermal break is 

used for the windows.

Solutions
BuilDing COnSTruCTiOn

The intention was to provide a very well insulated building en-

velope with increased insulation to the external walls and roof 

and better insulated windows compared to the existing building 

regulations (thermal insulation code 1981).

The construction of the dwellings follows the typical Greek 

approach but with extra insulation compared to the existing 

building regulations: increased width of insulation is used to 

the external walls and roof. 

The use of double glazing and aluminium frame without a 

thermal spacer is the common practice in Greece. In the DEMO-

HOUSE dwellings double low e-glazing with argon and thermal 

breaks are installed for better insulation.

This results in a significant decrease of the heat losses from 

the building envelope by decreasing the mean U-value of the 

skin. Additionally, studies through simulations have been 

carried out to optimize the openings for optimum ventilation, 

thermal and visual comfort. All openings placed in the south 

façades of the building contribute to passively heat the living 

spaces. In order to minimize the solar gains during summer, 

fixed and movable shading is placed in all the openings of 

south, east and west orientation.

PASSiVE COOling

To reduce reliance on active air conditioning and to provide 

thermal comfort during the summer period, earth air exchang-

ers are installed in the dwellings. The installed exchangers 

have an approximate length of 35m and 25cm diameter. The 

proposed installation depth is 2.5m from the ground surface.

residential Buildings, Attica, greece

Building 1

Typology 4 residential buildings, each buil-
 ding consists of three detached
 dwellings, maisonette type

Total floor area approx. 900 m2 each maisonette

responsible THEACy S.A. (www.designervillage.gr)

project partners group of Building Environmental
 Studies, national & Kapodestrian
 university of Athens (nKuA),
 (www.uoa.gr/, http://grbes.phys.uoa.gr)

Architects Building 1 g+E maneta.
 Buildings 2,3: D. rizos
 Building 4: D. Agiostratitis

Building 2 & 3
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Additionally, the dwellings are designed with appropriate 

height for the installation of ceiling fans in selected areas. The 

selection of the areas will be decided according to the occu-

pants needs. The usage of the ceiling fans increases the

thermal comfort temperature up to 1.5 °C and reduces the need 

of air-conditioning.

The overall design of the building allows achieving up to 10 air 

changes per hour during the night period. Night ventilation will 

be achieved through openable windows by the occupants.

Moreover, the design of the overall ventilation system aims to 

improve the air quality and to decrease the heating and cooling 

loads of the building by using demand control ventilation and 

heat recovery. A demand control ventilation unit will  be in-

stalled in each building. The system will be connected with the 

Building Energy Management System (BEMS) and will be con-

trolled by it. In selected locations of each dwelling CO2 sensors 

will be placed. When CO2 concentration exceeds the permitted 

levels, the BEMS will start to operate the fans of the zone and 

extra fresh air will  be supplied into the space. Thus the quality 

of the air will  be always maintained inside the requested levels 

with reduced ventilation energy for heating.

ligHTing

The dwellings are ventilated by natural ventilation High ef-

ficiency fluorescent lamps are suggested to be used in the 

interior of the building. Additionally daylight compensation 

techniques will be used in order to make the best possible use 

of daylight. For further energy reduction due to lighting, the 

lighting levels in the living rooms will be controlled by the 

BEMS of each dwelling according to the daylight.

VEnTilATiOn

The dwellings are ventilated by natural ventilation through 

openable windows. The design permits the use of cross flow 

and single sided configurations.

BEmS & mOniTOring

A Building Energy Management System (BEMS) will be installed 

in each dwelling to control the building systems. This will en-

sure the optimal operation of the systems. Also the BEMS will 

measure and calculate in real time the specific performance 

of all the used techniques. More specifically, the BEMS will con-

trol the operation of the earth-air exchangers, the operation of 

the movable shading systems with regard to the daylight levels 

and the operation of the demand control ventilation. Addition-

ally the BEMS of each dwelling will record the energy 

consumption for heating and cooling, also will monitor internal 

temperatures in all areas, external temperature, CO2 concen-

tration, and lighting levels in the living rooms.lighting levels in 

the living rooms will be controlled by the BEMS of each dwell-

ing according to the daylight.

Energy data
In order to achieve low energy consumption, the proposed 

techniques deal with the building envelope, the ventilation sys-

tems, the use of passive heating and cooling systems and the 

use of management systems. Therefore the reduction in energy 

consumption is attributed mainly to the heating and cooling 

systems as follows:

ESTimATED SAVingS

       kWh/m2 year            reduction compared to 
                                          reference model (%)

Heating

Energy saving measures heating, cooling, ventilation
Building 1

improved insulation of
external walls and roof
low e windows with argon

Shading

use of night ventilation

Earth air heat exchangers

use of ceiling fans

7.5

1.5

12.9

2.5

0.79

12.52

44.14

7.24

1.2

18.7

66

10.8

Cooling

Building 4

reference 
model 
(virtual build-
ing - standard 
renovation)

Pilot project 
- DEmOHOuSE 
dwellings

reduction 
(%) compared 
to reference 
model

Energy 
demand

Building 1

Q (heating)

Q (cooling)

Building 2 & 3 (identical)

Q (heating)

Q (cooling)

Building 4

Q (heating)

Q (cooling)

58.04

66.83

62.32

43.93

49.98

27.34

26.40

9.96

40.89

16.90

19.88

16.43

54.5

85.1

34.4

61.5

60

39.8

       kWh/m2 year            reduction compared to 
                                          reference model (%)

Heating

Energy saving measures heating, cooling, ventilation
Building 2 - Building 3

improved insulation of
external walls and roof
low e windows with argon

Shading

use of night ventilation

Earth air heat exchangers

use of ceiling fans

18.36

1.2

29.4

2

26.8

8.26

24.32

6.68

42.9

18.8

56

15.2

Cooling
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The simulation results show significant reductions in heating 

and cooling loads between the reference model and the pilot 

project. According to the dwelling’s design and taking into 

account all the proposed energy techniques, for the four differ-

ent maisonettes the energy savings for heating are calculated 

to 54.5%, 34%, 34% and 60% respectively. The energy savings 

for cooling are calculated to 85%, 61%, 61% and 40% 

respectively. 

Specifically, based on the simulation results, the energy savings 

due to the improved insulation vary from 13-31%. The reduction 

in cooling loads due the use of the earth heat exchangers rang-

es from 31-66%, whereas the reduction of cooling loads that is 

attributed to the use of ceiling fans ranges from 11%-25%. 

Taking into account all the proposed energy improvements the 

calculations show a 48% reduction in CO2 emissions for the 

four dwellings (graph below) compared with the corresponding 

emissions of the common practice in Greece where conventional 

air conditioning would be used. The CO2 emissions are calcu-

lated for heating and cooling.

ECOnOmy

A simple payback analysis (cost/benefit analysis) was carried 

out for the pilot projects taking into account all the energy mea-

sures. The payback time is calculated to 3 years excluding the 

installation of the BEMS and to 6 years including the installation 

of the BEMS. The BEMS is considered to be the most expensive 

energy measure depending a lot on its manufacture. 

In general, the analysis results in short payback period. The ne-

cessity of the BEMS system to manage and operate the different 

functions, to record the energy performance of the building and 

to detect any possible malfunctions can justify the extra cost for 

the system and the higher payback time.

*) Based on the following energy costs:

   Heating (oil): 0,06 n/kWh

   Electricity for cooling: 0,119 n/kWh

The payback analysis is carried using a simple calculation 

method based on cost estimates, (on the extra costs and the 

current cost for heating and electricity) and energy savings. 

First hand experiences
• The ‘DEMOHOUSE’ dwellings can be an example of how pas-

sive design, energy efficiency measures and building energy 

management systems can be used in the design in order to 

provide low energy buildings. Usually these parameters are 

not considered in the traditional design process in Greece 

where there is no goal to minimise energy use and costs 

beyond the building regulations. 

• The ‘DEMOHOUSE’ project in Greece can be considered 

a good example of the ground cooling use as a passive 

cooling method in the southern patterns of Europe where 

the climatic characteristics impose high cooling loads and 

extensive use of domestic air-conditioning. This technique 

can be combined with the use of complementary methods of 

hybrid cooling to enhance occupant comfort while reducing 

energy consumption, like ceiling fans and demand control 

ventilation. 

Scenario -
All Buildings

model according to build 
regulations
- reference building 
renovation - pilot project 
excluding BEmS
renovation - pilot project 
including BEmS

30,499

12,522

12,379

15,258

5,252

7,879

-

210,326

426,326

45,757

17,774

20,258

-

10

11

Costs,
operation
heating

(n)*

Costs,
operation
electricity

(n)*

Costs,
operation

total
(n)*

Costs,
invest-
ment
(n)*

Payback 
time

(years)

       kWh/m2 year            reduction compared to 
                                          reference model (%)

Heating

Energy saving measures heating, cooling, ventilation
Building 4

improved insulation of
external walls and roof
low e windows with argon

Shading

use of night ventilation

Earth air heat exchangers

use of ceiling fans

15.42

1.51

31

3

3.19

4.9

8.63

6.89

11.6

17.8

31.6

25.2

Cooling
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The central questions in this project are: is it possible to 

adapt older housing blocks to actual energy consumption  

levels and what wil be the payback time compared to 

renovation without extra energy saving measures.

Summary
This project proves that taking energy saving measures 

considerably shortens the payback time of a renovation 

project. in this case it turned out to be possible to bring 

back the energy consumption level of the gyldenrisparken  

blocks with 500 appartments, built in 1965 – 1969, to actual 

energy levels. The payback time is going to be 7.3 to 10 

years, which compares very favourably with renovation 

without extra energy saving measures: 35 years.

Context
The housing blocks Gyldenrisparken include 500 apartments 

divided between several blocks of flats. The  with a total built 

up area of 43,410 m2. The heat for the housing blocks is  

supplied by district heating and the consumption of heat is 

considerably higher than one would expect in new modern 

apartments. The housing blocks are built as a concrete panel 

assembly construction in 1965-69 and just now the buildings 

are about to be thoroughly renovated. A standard renovation 

of the housing blocks will be carried out and for 96 apart-

ments in for example 3 of the housing blocks where it is the 

idea to implement different levels of special energy-saving 

measures. One block or one area of 1/3 size of the total will 

be renovated using an energy-saving level of 50%, level B, 

and one area also with 1/3 size at level A with 75% savings 

and finally the rest of the area with 85% savings at level A + 

Solar. The savings are related to the present situation.

The three renovation projects with energy-savings will be  

carried out as stage one, thus the experiences obtained here 

can be used for the blocks/apartments to follow.

In the following we look at 3 housing blocks with 96 apart-

ments in all as an example of how the project can be realised: 

The chosen blocks in the following are similar as to size and 

design. Each block holds 32 apartments with a total heated 

living floor space of 2,880 m2. 

DATA FOr OnE BlOCK

Solutions
STAnDArD rEnOVATiOn

Apart from the usual building improvements a standard re-

novation of the Gyldenrisparken contains 100 mm insulation  

of the external surfaces, new windows with standard speci-

fications, new heating distribution system and simple water 

saving measures.

Eu-PrOjECT lEVEl B

In addition to the standard renovation the EU-project level B 

contain a requirement controlled PV assisted air exhaust with 

effective DC fans from EcoVent, insulation of the roof, use of 

Building Energy Management System (BEMS), low-energy win-

dows as well as more comprehensive water saving measures.

Eu-PrOjECT lEVEl A

In addition to the cost-saving suggestions in level B the EU-

project level A will contain ventilation with heat recovery with 

low electricity use from EcoVent, super low-energy windows 

with U-value of 0.85W/m2K and include an increased effort 

regarding air tightness of the apartments. The idea is here to 

optimise the total design in relation to the "Houses without 

heating system" concept in co-operation with the partners 

from Sweden, and in cooperation with the EcoVent company  

who was also involved in the realisation of the CO2 neutral 

test house which is being exhibited in the municipality of 

Copenhagen.

Windows 432 m2

Façades (net area) 1,296 m2

gables  240 m2

Heated area 2,880 m2

Building volume 8,640 m2

gyldenrisparken Housing Blocks, Copenhagen, Denmark 
Typology Housing blocks 
            
useful floor area 43,410 m2

 
Promoter Cenergia Energy Consultants

Participants Kuben urban renewal

Gyldenrisparken in bird’s view
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EnErgETiC AnD ADDiTiOnAl rESulTS

Eu-PrOjECT lEVEl A + SOlAr

In 

addition to the cost-saving suggestions in level A the EU-proj-

ect level A + solar will contain, 64 m2 solar collectors  

as additional heat source for domestic hot water and 100 m2 

PV-modules.

Calculated yearly consumption of water, heat and electricity:

The total yearly energy consumption of heat and domestic hot 

water is 156 kWh/m2. By implementing a standard renovation 

the energy consumption for heat will be reduced to 97 kWh/

m2. If the special energy-saving “level B” is implemented an 

energy consumption of 74 kWh/m2 is expected. By implement-

ing further level A an energy consumption of 36 kWh/m2 is 

expected equal to a reduction of 78% and finally is expected 

83% savings for level A + solar.

A water saving reduction of 25% is expected. The commo 

electrical consumption will be reduced by 33% and 67% 

respectively for the saving suggestions level B and A + Solar.  

The environmental improvement can be calculated as a reduc-

tion in the yearly CO2  emission from the heat and electricity 

consumption (heat: 0.2 kg/MWh and electricity: 0.6 kg/MWh).

Calculated yearly CO2 emission per housing block from the 

heat and electricity consumption: 

A reduction of the CO2 emission will be obtained if the project 

is carried out – 52% for level B and as much as 80% for level 

A + Solar. 

yEArly SAVing OF EnErgy FOr HEATing

running COSTS

Expenses for the consumption are: 

yearly consumption present situation Std. renovation Eu-project  Eu project Eu project   
   level B  level A level A + Solar

Space heating, kWh/m2 130 72 57 19 19

Hot water heating, kWh/m2 26 25 17 17 7

Total heating, kWh/m2 156 97 74 36 26

Total water, m2 2,880 2,736 2,160 2,160 2,160

Domestic hot water, m2 950 903 713 713 713

Elektricity, kWh/m2 12 12 8 8 4

kWh/

Heating 0.081 E/kWh

Water 3.57 Euro/m3

Electricity 0.183 E/kWh

180

160

140

120

100

80

60

40

20

0

present situation Std. Renovation EU-project Level EU project Level EU project Level
   B A A + Solar

Various techniques including PV-assisted air exhaust and EcoVent
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ECOnOmiC ViABiliTy

The budget for the energy- and water related improvements 

in the project are as shown in the next table.  

The standard project contains no eligible costs. The EU-

project – level B contains total extra construction costs  

of   93,382. Level A calls for an extra investment of 

 133,097 and level A + solar  219,717. 

PAyBACK TimE

The economic viability is based on the extra costs in energy 

savings measures and savings in energy and water compared 

to a standard renovation. The calculated payback time is 

without EU support or other EU related costs.

TOTAl Eu-PrOjECT

A 

green Quality Building Process will be aimed at in connection 

to the design process. Here it is the idea to present the local 

stake holders with a catalogue of best available technologies 

including performance requirements and check systems. The 

aim is to develop minimum standards for eco efficient reno-

vation and give an input to certification systems for retrofit 

projects. In the future the costs for heating system in the 

budget can be reduced based on more experience and optimi-

sation. This will probably lead to payback times of around 5 

years for the level A example.

Total eligble building and design costs  446,196

Prototype systems testing    55,000

Organisation work    48,000

meetings    6,000

monitoring / prototype and demo      28,804
(besides rTD work) 

Total eligible costs (96 flats)   584,000

Eu support 35%  204,400

rTD activities by urban renewal    36,000
Copenhagen (50% support) 

TOTAl 620,000

Payback time                   Std. renovation                  Eu-project                   Eu project             Eu project  
                            level B                        level A               level A + Solar

Total costs (euro)                     

Savings (euro)                     

Payback time (years)                          

TOTAl 

446,196

498,391

14,228

35.0

93,382

9,659

9.5

219,717

22,474

10.0

133,097

18,329

7.3

Budget per block (euro) Std. PrOjECT Eu-project  Eu project Eu project  
  level B  level A level A + Solar

insulation of gable 16,107 0 0 0

insulation of roof 67,651 0 0 0

insulation of façade 139,168 0 0 0

DC fans 0 12,886 0 0

Ventilation with heat recovery 0 0 77,315 77,315

Heating system 128,859 0 -64,430 -64,430

Building Energy management 

System (BEmS) 8,949 17,897 17,897 17,897

Windows 85,906 28,993 57,987 57,987

Water savings 6,443 12,886 12,886 12,886

Solar heating system 0 0 0 34,362

Photo voltaic 0 12,000 0 41,691

Air tightness 0 0 17,181 17,181

                                     Sum 453,083 84,662 118,837 194,890

                                 Design 45,308 8,719 14,260 24,827

                                  TOTAl 498,391 93,382 133,097 219,717

                       Support 35%  0 32,683 46,584 76,902
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Summary
Aim of this project is the optimisation of renovation mea-

sures to reduce energy and CO2- emissions with pay back 

times applicable to the Styrian social housing system. The 

comparison between two renovation standards, a virtual 

renovation of the existing building based on the Styrian 

building standard from the year 2003, and a real renovation 

30% better than this 2003 standard, will show the poten-

tials of energy efficient renovation.  

Context
The refurbishment projects of the Austrian housing company 

are two blocks of flats in the city of Graz: Laudongasse 14 and 

16 as well as Starhemberggasse 13 and 15. Both buildings were 

constructed in 1976 and they consist of 127 flats (between 75 

and 110 square meters each) in total. All flats are rented. Ten-

ants comprise all age groups with some overrepresentation of 

the group of 50-60-year-old people. There is also a rising pro-

portion of immigrants and asylum seekers living in the build-

ings. To secure a high acceptance of refurbishment measures, 

special emphasis will have to be put on communication between 

the housing company and tenants.

BuilDing COnSTruCTiOn 

the outer walls are wood-fibre coated concrete and isolating 

plaster with a total thickness of 330 mm and an U-value of 

1.42 W/m2K. The flat roof has an U-Value of 1.19 W/m2K and 

the existing windows are constructed as wooden windows 

with compound double glazing with an U-value of 2.30 W/m2K. 

Space heating and hot water supply are provided by the 

district heating net of the city of Graz. The yearly energy 

consumption of the existing building for space heating is 

138 kWh/m2 gross area.

Solutions
BuilDing COnSTruCTiOn

Because of the highly structured building surface and the low 

amount of space the possibilities for insulation are restricted 

and ventilation with heat recovery is not possible. Therefore 

the main aim of the demonstration project is not only the 

energetic improvement of the buildings but also the reduc-

tion of the CO2 emission. This is reached by the refurbishment 

of the whole building envelope and all windows to an optimal 

energy efficiency standard (as possible). An analysis of the 

energetic performance both of the reference and the pilot 

project in Energy-10 (dynamic simulation program) and simula-

tions and optimisations of the thermal bridges with the finite 

element software THERM have been done. Improved thermal 

insulation, economically optimised have been implemented, 

e.g. insulation of wall increased from 6 cm in original design to 

10 cm, roof insulation from 16 cm to 25 cm, windows from 1.7 to 

1.3 W/m2K. 

DEmOHOuSE rEnOVATiOn

High-rise multi-dwelling Houses, graz, Austria

Situation before renovation - East façade

Typology Before: Social Housing
 After: Social Housing

Total floor area Before: 9,857 m2

 After: 9,857 m2

responsible  landlord: EnW / Ennstal - neue 
project partners  Heimat - Wohnbauhilfe 
 gemeinnützige
 Wohnungsgesellschaft m.b.H.  
 Scientific: iFZ / inter-university 

research Centre for Technology, 
Work and Culture, graz

Monthly Average Daily Energy Use

Situation before renovation - West façade
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AnnuAl EnErgy uSE

The energetic measures related to the building construction in 

detail:

• 250 mm insulation of the flat roof 

 (with recycled cellulose fibres).

• 100 mm insulation of façade (with mineral fibre boards).

• New energetic optimised windows (low-E glazing with U-value

 1.1 W/m2K, U-value frames 1.5 W/m2K ).

Simulation of thermal bridges has given support to the detailed 

planning and tendering phase. Because of the tight budget 

frame the balconies, although being serious cold bridges, could 

not be replaced. Detailed simulation of this cold bridges have 

shown that no problems with building physics will emerge.

BuilDing COnSTruCTiOn

Life cycle assessment (LCA) for building materials of the 

thermal envelope based on three ecological indicators (Primary 

Energy Content - non renewable, Global Warming Potential, 

Acidification Potential), using the Austrian data source “ö-

box”, has been done. Calculation of three standards (refer-

ence building – standard, demonstration building - standard, 

demonstration building/BAT - standard) generated decision 

support to the choice of ecological building materials (e.g. use 

of cellulose fibres instead of extruded polystyrene for the roof 

insulation).

 After renovation: Eastern façadeAfter renovation: view from South-East

Simulation of the 
thermal bridges: profile 

through attic

Simulation of the thermal 
bridges: profile through 

concrete balcony

125

100

75

50

25

0

 Heating                 Cooling                  Lights     Other        Total

40.4

66.4

2.4 1.3

15.8 15.8
20.7 21.0

79.3

104.5

Demohouse Renovation Reference Renovation
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mOniTOring AnD QuAliTy COnTrOl

Thermographic pictures of the current renovation status have 

been taken, disclosing some problems concerning the building 

physics (lack of insulation). Further thermographic pictures 

and blower door tests will be done in the monitoring phase, 

from  October 2007 to October 2008.

Energy data and additional 
results 

Economy

First hand experiences
The budget frame for energy efficient renovation of social 

housing projects in Austria (Styria) is rather small. Social hous-

ing companies are engaged by social housing law to guarantee 

affordable rentals for the tenants. Therefore the optimisation 

of technical measures have to go hand in hand with financial 

issues and the final design has to be based on the comparison 

of different renovation variants. For innovative technical solu-

tions (e.g. CHP) alternative financial and management models, 

l ike third party financing, have to be developed. To achieve the 

planned targets, monitoring and quality control (thermography, 

blower door test) are very important.

 

New situation around the entrance, 
after detection of thermal bridge with thermography

lCA of the thermal building envelope - PECnr, gWP, AP

  Ecological quality    Primary energy content global Warming Potential Acidification Potential

  of insulation materials    non renewable in mj in kg CO2 equ.  in kg SO2 equ. 

reference Building   standard      18,747,467    839,122   7,882   

Demonstration Building   standard      21,744,461  1,047,217   9,216

Demonstration Building   BAT      14,583,090   598,042   7,397
  

standard: mineral wool, plastic windw frames

BAT: mineral foam bord, cellulose, wood-alu window frames

Energy savings (units are kWh/m2 gross floor area ) 

Energy saving measures, heating kWh/m2a  Total (kWh/a)

low energy windows     12.03   152,095

improved insulation of the façade   7.26     91,788 

Total heating energy savings  19.29   243,883

Energy saving   Additional costs to  Savings to          Simple Pay-back  
 

measure/investment/ reference building  reference building              periods (a) 
savings/payback (standard renovation) (standard renovation)
 (Eur)  (Eur)

low energy windows  
improved insulation  
of the façade 

TOTAl 

+ 23,169
+ 116,737

+ 139,906

- 8,734
- 5,271

-14,005

2.7
22.1

10.0

Thermografic picture of an unforeseen thermal bridge
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Filderhof, Stuttgart, Germany

Summary
The Filderhof demonstration project, a nursing home, was 

renovated and enlarged by an extension. Since the energy 

consumption of the building was very high in comparison to 

the public building stock of Stuttgart, the city decided to do 

an energy retrofit, too. Besides, a new heating plant being 

an energy improvement of the building envelope was part of 

the retrofit. The windows were changed, the walls insulated, 

a new heating system with solar plant and combined heat 

and power unit has been installed, the lighting system have 

completely been rebuilt and a PV-plant was erected. Between 

the existing building and the new building an atrium was 

constructed. The planning process of the energy retrofit 

measures started in 2004. The construction phase started 

at the end of 2005 and was finished in May 2007. The 

monitoring period started in April 2007.

The project, the challenges
The challenge in this project was to show how the primary 

energy demand in an old nursing home can be reduced by 

minimum 50 % without changing the historical view. 

“Our demonstration projects are 

well suited to serve as best practice 

examples both for our municipality 

and for external planners and facility 

managers in Stuttgart and throughout 

Germany. We also present these 

projects at congresses to disseminate 

our best practice with others.”

Deputy Mayor Matthias Hahn,

Urban Design and Environment of 

Stuttgart, in his speech on the 3rd 

EnSan-Symposium

Context
The Filderhof is located in an urban area in the south of Stuttgart. 

On the south side of the building is a local railway station 

‘(Stuttgart-) Vaihingen’. On the west, north and east side is a 

small park/garden situated around the site. The building was 

originally built as a hotel in 1890, got an extension in 1952 and 

since 1967 it has been used as a nursing home for old people and 

people with dementia. It consists of 4 storeys and has a total net 

floor area of 2,875 m2.

BuildinG ConSTruCTion 

The external walls of the Filderhof were made of bricks and partial-

ly of natural stones with mortar. The wall thickness ranges between 

24 and 40 cm. In most rooms the external walls were different.  

Because of its age, the walls, the roof, the upper ceiling and the 

cellar ceiling had no insulation. Though the old windows had double 

glass, they had a bad U-value and an insufficient noise protection 

against the train that drives past the Filderhof. Almost all of the old 

heating pipes, which are located in the external walls, were not 

insulated. The building was ventilated solely by the windows.

The U-values are assumed in the following table. 

The exterior façade has many historical elements (the balcony, the 

frame of the entrance door and the architrave block of the building) 

which are worth to be kept. That’s why no external insulation has 

been used.

The photos below show the state of the building before retrofit.

HeATinG, VenTilATion, CoolinG, liGHTinG SySTeM

The heating system dated back from 1952, the boiler with a ther-

mal heat power of 276 kW was replaced in 1988. The effectiveness 

of the furnace was only at 88 % and the heating system had an 

old control system. The preheated water flowed with 80 °C to the 

radiators.

The boiler system didn’t work very efficiently because of the 

dropping insulation and the missing measuring and control 

system. The ventilation was realised by opening the windows. No 

mechanical ventilation system was installed. A cooling system is 

not really necessary in the German climate. 

The lighting system consists of energy saving fluorescent tubes 

and bulbs in the rooms and the traffic areas. It was controlled 

by manual switch on/off. The lighting system didn’t work very 

efficiently and the power of the installed lighting system ran up 

to 12.5 W/m2 for 300 lx.

Structural unit     u-value [W/m2K]

Windows 3.0

Walls 1.4

roof 1.0

upper ceiling 2.0

Cellar ceiling 1.9

South-West view 
(before)

Main entrance 
(before)

Upper ceiling 
(before)

Typology nursing Home

Total floor area Before: 2,875 m2  
 After: 2,131 m2

responsible  office for environmental
project partner  Protection, department for 
 energy Management
 Juergen.Goerres@stuttgart.de
 www.stuttgart.de/energie
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Solutions
BuildinG ConSTruCTion

All the windows and entrance doors were retrofitted. The new 

windows have high efficient triple-glasses with a U-value of 1.0 

W/m2K and thermal spacers to minimize the thermal bridges 

at the edges. Furthermore they have a high noise protection, 

because of the trains passing by. 

The original plan was to insulate the external walls from the out-

side with a composite insulation system (polystyrene insulation 

covered with plaster). But in order to maintain the architectural 

expression of the 

building, only internal 

insulation has been 

used in most parts 

of the old building. 

During the planning 

process ways to apply 

vacuum insulation 

were investigated. 

Unfortunately the 

vacuum insulation 

can not be applied in 

the project, since no 

system is suitable for 

such a building and 

the long term behav-

iour of these systems 

is still uncertain. Then 

the engineering team 

wanted to use a min-

eral insulation board (multipor), but the surface wasn’t planar 

enough to stick the board on. That’s why a mineral-fibre wool of 

various thickness has been used with an individual construction 

frame (aluminium profile frame planked with sheetrock).

The internal insulation with the aluminium profiles frame was 

masked with a vapour barrier. Therefore a high quality control 

was necessary because water vapour may not infiltrate. Because 

of the internal insulation at the front walls a lot of technical 

details have to be solved in order to prevent thermal bridges. 

About 20% of the front wall will get an external insulation.

To reduce the heat losses over the roof a 14 cm thick thermal 

insulation was fixed between the rafters. Additionally 5 cm 

insulation was fixed below the rafters. The upper ceiling of the 

building was insulated with 16 cm mineral fibre between the 

balks and insulation plates with 5 cm were laid on top of the 

ceiling. The use of some basement rooms changed, so they’ll be 

heated now. Thus the thermal insulation had to be modified as 

well. The heated areas, which are used as kitchen and as dress-

ing room, get insulation at the base floor and insides of the wall. 

In the other cellar rooms the ceiling is insulated. 

In the rear side of the existing building an extension have been 

placed. With this construction, the whole complex is very com-

pact after the rebuilding. The two buildings are connected with 

an atrium. 

HeATinG

The old heating system has completely been replaced. The new 

heating plant consists of two gas condensing boilers, a combined 

heat and power unit and a thermal solar plant. The new system 

temperature of the radiators is 60 °C flow and 40 °C return flow. 

The two gas condensing boilers have a thermal power of 150 kW 

each and the combined heat and power unit has a thermal power 

of 32 kW and 17 kW of electrical power.

HeATinG PiPeS

Almost all of the old heating pipes were not insulated. Therefore 

the old pipes were completely removed in all external walls and 

the new heating pipes were placed into the existing slots in 

the external walls. In parts the distance from the pipes to the 

exterior surface (no external insulation) only amounts to 10 cm. 

Therefore additionally to the 30 mm insulation of the normal 

pipes another insulation board with 30 mm is attached into the 

slots. Thereby the heat losses were reduced.

VenTilATion

To transport the humidity away from the new bathrooms and 

to ventilate the kitchen rooms, two independent ventilation 

systems were installed. One ventilation system vents the kitchen 

rooms with up to 4,500 m3/h and the other plant exhausts the 

care bathrooms and restrooms in the old building with an air 

flow rate of 

5,500 m3/h. The air 

outlets of the system 

are located in the 

corridors. 

At the proposal time 

the ventilation system 

was planed with a 

heat recovery rate 

of 60%. During the 

design phase the team decided for a system with a (much) better 

heat recovery rate of over 80 % for both ventilation systems. 

The ventilation systems are located in the cellar.

SolAr THerMAl & SolAr PV

Further more a thermal solar plant is realised for domestic hot 

water. The plant consists of 25 collectors, which are installed 

under an inclination of 45 °C on the retrofitted roof. The collec-

tors have a surface of 60 m2 and can provide thereby 32% of 

the domestic hot water demand. 

A photovoltaic system with a surface of 105 m2 is installed. 

The maximum power of the plant amounts to 12.6 kWp and the 

90 monocrystalline modules produce 12,615 kWh (estimated) 

per year. This means a reduction of the greenhouse gas CO2 of 

around 8.7 Tons per year.

Aluminium frame for the internal 
insulation

Existing building and the extension building

Two gas condensing boilers Combined heat and power unit

The new heating pipes (double 
insulation)

Internal insulation with vapour barrier
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eleCTriCiTy & liGHTinG SySTeM

The team realised also measures to reduce the electricity con-

sumption. The daylight use is improved and the nursing home got 

an energy efficient lighting system. The new motor of the eleva-

tor save around 40% of the electric energy consumption and the 

heating plant got energy efficient circulation pumps. 

BeMS And MoniTorinG

The Building Energy Management System (BEMS) has two com-

ponents. First a conventional control system (saia control) was 

installed in the building. It regulates the water temperature of the 

heating system based on the outdoor temperature and the room 

temperature. Depending the amount of heat consumption, the 

control system will manage the energy source to be used: from the 

combined heat and power unit, from the condensing boilers, from 

the solar plant or from the storage tank. Finally the BEMS has to 

determine the moment that the storage tank has to be reloaded and 

when the combined heat and power unit needs to reduce power. 

Additionally the Stuttgart’s Energy Control Management (SECM) is 

used to control the daily energy consumption of the building. With 

this system, the energy managers in the office for environmental 

protection are informed automatically if the consumption is too 

high. The energy values are transferred over the telephone net-

work. A special developed software visualizes the energy values 

into a PC. Thus a long-term controlling instrument is installed.

energy data and 
additional results
Estimated savings:

economy

Energy costs used for the payback calculation:

Heating energy 44 €/MWh

Electrical energy  137 €/MWh

Fictitious feed into the grid 514 €/MWh

MeASureMenTS And eVAluATion 

The measuring phase in the demo building started at the 1st 

April 2007. 

Photovoltaic system: 

Evaluation:

More significant measurements and evaluations are taking place. 

First hand experiences
• Architectural influences may have a strong impact on the 

retrofit concept regardless whether a building is listed 

or not. In the case of Filderhof it caused the change from 

external insulation to internal insulation on the outside 

walls. This may lead to less energy savings and results in 

more planning work on details in order to prevent thermal 

bridges.

• Economic influences may change the material used for buil-

ding parts. At Filderhof, the glazed atria roof has now only 

small glazed parts. The designer had to react on the situa-

tions and transfer the planned PV system to the opaque 

 roof parts.

• The use of rooms in the cellar has to be carefully planned 

in order to keep the heated zone as compact as possible. 

However, the total space available and flexibility of usage 

are more important factors for the building owner than 

compactness and energy efficiency.

• The planning process over five years requires changes in the 

retrofit measures of a building. Therefore detailed informa-

tion about the planned measures and the resulting energy 

savings at the proposal time of the EU project is not always 

possible. Necessary modifications at the retrofit measures 

have to be presented and elaborated at the Commission. This 

requires extra time in the planning process of the project.

• There is much coordination needed with several partners 

within the project, especially with the financial people of 

the local government. The project duration is has been 

stretched to five years from the earliest planning phase up 

to the end.

Thermal solar plant

energy saving measures, heating      [kWh/m2a] Total [kWh/a]

High-efficient windows 20 42,600

insulation of opaque elements 80 167,400

Ventilation 39 82,500

Heating system 46 95,900

Solar thermal dHW 11 23,400

ToTAl HeATinG enerGy SAVinGS 196 411,800

energy saving measures, electricity      [kWh/m2a] Total [kWh/a]

Combined heat and power unit 37 78,800

efficient lighting 10 21,300

daylight transfer 3 6,400

PV-integration 6 12,615

ToTAl eleCTriCAl enerGy SAVinGS         56                    119,115

energy saving Total costs eligible costs Saving Pay-back
measure/investment [E]  [E] [E/a]  period [a]
    
ToTAl 1,069,400 789,100 38,600 20

 input in to the estimated power Global radiation
 power network
 [kWh] [kWh] [kWh/m2]  

April 2007 1,721.4 1,326.8 185.4

May 2007 1,294.2 1,726.9 162.8

     Area    eligible costs     incurred costs Saving Pay-back 
     [m2] [E] [E] [E/a] period [a] 

Solar thermal  60 30,000 30,952 1,106 28
dHW

daylight transfer    - 20,000 19,822 876 22

PV-integration  105 98,000 88,031 6,489 13

Photovoltaic system



Hol Church, Hagafoss, norway

Summary
The Hol Church project has uncovered the big challenges 

to be met when dealing with a considerable part of such 

protected buildings in europe. As these building will be 

remained for decades and centuries, they appear to be 

crucial with regard to the overall energy need reduction in 

the building stock. As long as we do not reduce the energy 

need in existing buildings, the overall energy need in 

european buildings will not decrease.

To achieve energy need reductions in existing buildings, 

AA restrictions (Antiquarian Authorities) should be 

reconsidered when renewing installations and innovative 

methods need to be applied in order to preserve this rich 

architectural heritage.

The Hol Church project shows that steadfastness and 

endurance coupled with innovation can lead to success.

The project, the challenges
The challenge in this project was to show how energy efficient 

solutions could be applied to a listed building under the 

authority of protective antiquarian wings, which means that in 

principle not any structural change will be allowed.

“If we are going to secure 
the future of coming 
generations, we must protect 
the environment. The church 
has a responsibility in this 
context and we will support 
work to stop negative 
environmental trends. 
We will show examples and 
shout, “it works”. We will  
support all good forces and 
help provide politicians with 
courage to initiate necessary 
measures”.

Laila Riksaasen Dahl

Bishop of Tunsberg in her New Year speech 2006

Context
The church, built in 1924, 

is located in a mountain 

valley in Norway’s 

Southern part of the 

country; half way between 

Oslo and Bergen and only 

minutes from the popular 

winter ski resort Geilo. 

This church has a timber 

construction with steep 

roof indicating elements 

from the stave-church era. 

Its built on a stone 

foundation raising only 

slightly from the ground. 

It’s extremely high interior 

of 20 metres equals the height of eight standard dwelling 

storeys, which is an energy challenge in itself since hot air 

rises and stay  of comfort is hence a crucial element of this 

project.

The un-insulated timber floor was not covering a full-scale 

cellar, only a crawl space with varying height up to one meter. 

The timber roof construction and walls were also un-insulated. 

Windows and doors were not closing properly, had no gaskets 

and were letting extremely cold draughts into the building. All 

this caused considerable comfort problems and the energy need 

was high. Regardless of the energy being used, it often felt 

cold when the outdoor temperature fell down to minus 20-30 ˚C.

No drawings of the church were made available to the project 

team. All studies, measurements and drawing plans needed had 

to be done on site. With the Antiquarian Authorities sitting 300 

kilometres away in Oslo, and with low travelling budgets, proper 

communication really was a challenge. 

Solutions
BuildinG ConSTruCTion: 

After having received refusal from the Antiquarian Authorities 

(AA) for insulation works, appeals have led to compromises. The 

floor was insulated from below through the crawl space, which 

indeed was a difficult job. The details for the chosen insulation 

Typology Church building

Total floor area 555 m2 gross area
 internal height: 20 m.

responsible 
project partners  

Sivilarkitekt Harald n. røstvik 
AS Hol Church Council, 

 Astri Tingstad, Telephone 
 + 47 51861925 
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method were worked out with the AA to avoid dampness leading 

to rotting of the construction. 

A similar refusal/acceptance procedure was carried out for the 

flat part of the roof. Arguing that the existing ceiling, with a 

very dry sawdust covering, was a fire risk. Finally, the AA accept-

ed that argument. The ceiling was insulated from above. This was 

also an extremely complicated work task, as bringing in materi-

als could damage the church interior. Materials were instead 

crane-lifted into the building and through an upper window. The 

windows consist of two layers of glass with a 70 mm gap. The 

windows and doors were adjusted to close properly and they 

were equipped with rubber gaskets.

HeATinG

The existing heating system was a typical Norwegian one. Due to 

the huge hydropower production, electric resistance heating is 

common. The system has a total capacity of 70 kW and heaters 

are positioned under the benches.

Due to the draughts, it took three days to reach a comfortable 

temperature in wintertime. This happened every time again with 

typical activities like approximately 21 services a year, 15 funer-

als, 5 weddings and 10 choir and other cultural events. The solar 

radiation normally gained passively through windows does not 

help either, since the church has only very small windows. 

The heating solutions sought, can be split into three main 

categories:

•  Insulation reducing heat loss through the envelope, coupled 

with improved gaskets to avoid drafts from windows and 

doors. This has proven to be comfort level raise without it 

necessarily having a huge impact on energy need since the 

system before the retrofit was going full speed and still not 

managing to raise the comfort level to an acceptable level.

•  A vertical two metres high, 75 cm diameter round air canon 

of 4,200 m3/hour (drawing only 160 W) ’shoots’ unheated 

air upwards to replace the heated air under the ceiling. This 

process is normally started an hour before the service and it 

moves the warm air under the ceiling down to where people 

are seated. It has proven to be an efficient comfort measure 

that improves the feeling of comfort. 

•  In this region of Norway, when it is cold, it is normally sunny 

and not windy. There is also a lot of white reflective snow in 

this region. That’s why an air based solar thermal system has 

been selected.

SolAr THerMAl

An air based solar thermal system has been developed at a 

distance from the building. Since the AA has to approve every-

thing within a radius of 65 metres of the church, this instal-

ment was fully rejected, even through the appeal round. The 

only solution was to appeal to the Bishop, who has the author-

ity to overrule the AA. 

The compromise was to reduce the height of the solar ther-

mal system to 6 metres. Which also reduces the area and to 

increase the distance from the church to the absorber to

15 metres.

The vertical system is connected to the church through an 

earth-sheltered insulated duct bringing heated air to the church 

and sucking air from the church in a similar duct returning to 

the solar absorber. The air is moved through the solar absorber 

and from the absorber to the church by two small fans connected 

to a solar PV system that starts, stops and regulates air speed 

depending on how bright the sunshine is. It is in other words an 

autonomous and self-regulating system.

SolAr PV 

A minor solar PV system was initially planned. However, the con-

frontation with the restrictions from the AA have led to rethink 

this kind of solution for several reasons:

• The contribution per m2 is small compared to solar thermal 

which delivers 3-4 times more energy per m2 absorber at a 

lower cost.

•  The cost of PV is high which leads to a high payback time 

 (90 years).

•  The AA would probably not allow the system to be implemen-

ted unless it was located at a minimum of 65 metres from the 

church wall. 

A final decision about this issue is now being taken.

BeMS

Since the church has a very simple energy system, a complicated 

Building Energy Management System (BEMS) was not necessary 

to control the heating systems. Instead, a close dialogue, 

analysis and discussions with the caretaker has proved to be 

valuable in taking measures, checking routines and improving 

routines while continuously supporting the caretaker. It was the 

underlying philosophy for this project. To assure optimum control 

of the building and thus save energy, a continuous process of 

dialogue between the planners and the caretaker has proved to 

be fruitful. This even resulted in a considerable awareness level 

that in itself turned out to lower energy bills.

In order to bridge the huge distance between the caretaker’s 

home and the church (25 km) an automated ‘Ring the church 

warm’ system has been installed. Before, the caretaker always 

had to drive to the church each time to turn the heat on, days 

before a major church activity took place. Or when the caretaker 

stayed elsewhere, the heat was turned on even some days 

Air ”canon” One meter high crawlspace Double windows with gaskets



before. By installing the new ‘Ring the church warm’ system, this 

was no longer necessary. It saved not only valuable heating days, 

but also reduced the energy consumption caused by the trips to 

and from the church, 51 times a year. Additional energy savings: 

51 trips x 25 km x 2 = 2550 km, means annual petrol energy 

saving of approximately 255 litres and CO2 emissions of half a 

ton (500 kilos) a year. 

uSer SurVey

A user survey under the regular Sunday church service 

visitors during the winter of 2006/2007 illustrated the 

increased comfort level:

”Have you noticed improvements in the indoor climate since 

last winter as regards draught, temperature etc.”

• Much better  55 %

•  A little better 35 %

• No improvement 10 %

energy data and 
additional results
These are the assumed savings calculated at the project 

initialisation phase:

economy

Assumed energy costs used for the payback calculation:

Electricity: 0.15 Euro/kWh (1.20 NOK/kWh)

MeASureMenTS And eVAluATion 

All costs for the energy savings measures are within and some 

below budget. Although the final bills have not been received 

as yet it is clear that there will not be a cost overrun. 

Measurements were started 1st May 2007 and data are being 

registered every month. The one year monitoring result will 

hence be available immediately as the last month, April 2008, 

is ending. 

First hand experiences
•  Existing, l isted buildings are part of an architectural 

heritage that is well protected by the state through 

Antiquarian Authorities. They have an important job at 

protecting the valuable listed buildings and groups of 

buildings. This important job often is in conflict with the 

equally important job of reducing the energy need in 

existing buildings.

• The processes described above are time- and resource 

demanding. One should be prepared for several rounds 

before an approval is possible – if ever.

• In this instance, had it not been for the Bishop overruling 

the AA, there would have been no solar thermal system.

• A motivated client and a motivated caretaker is a crucial 

element towards success.

• Awareness building with the caretaker is showing positive 

energy need reducing results.

• As the project developed the local energy utility 

Ustekveikja decided, contrary to our predictions, that the 

cost of electricity shall fall instead of rise. Whilst the 

electricity costs in Norway have risen over the last years 

and is now in the region of our predictions that is being 

used for our payback period calculations, Ustekveikja 

have reduced the costs of electricity down to between 1/2 

to 1/3 of the average market price in the winter, for the 

inhabitants in the region as a gesture to them. Through 

this, Ustekveikja argues that the inhabitants in this way 

get their share of the valuable local hydropower plants. 

 This undermines energy efficiency measures and the 

introduction of renewables as the savings are reduced and 

payback time increases. It is also contrary to the trends in 

all other parts of Europe and in Norway.

•  PV (solar electricity) is normally more costly per m2 

installed modules compared to solar thermal. One m2  PV 

also delivers only 1/3 of the energy delivered by the same 

m2 solar thermal. PV payback time is so long that it brings 

up the overall payback time for the total building project 

to an unnecessary high level.

energy saving measures, heating      [kWh/m2a] Total [kWh/a]

improved insulation, roof,                        48             27,115
floors, windows  

Solar thermal heating system                 15             8,000

ToTAl HeATinG enerGy SAVinGS            63             35,115

energy saving measures,                        [kWh/m2a]       Total [kWh/a] 
electricity

efficient lighting                                           5                   2,700 

Solar PV                                                   5                   2,700 

ToTAl eleCTriCiTy enerGy SAVinGS           10       5,400

energy saving measure/ 
investment/ savings/ 
payback

 

Total costs Saving Pay-back  

   
period [a]   [1 ]               [1/a]

ToTAl                       136,700            6,100            22
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Summary
As part of the overall refurbishment of the building 

the following low energy technologies are proposed; PV 

cladding, low-e windows, solar control, insulation façades 

and roof, heating and control improvements, natural 

ventilation, wind turbines, low energy lighting and controls, 

rainwater harvesting and tap replacements.

The project, the challenges
The challenge of this project was to upgrade the external 

façades and remodel internally to modernise the building but 

adopting a whole range of energy saving technologies. The 

existing building dating from 1972 had only been partially 

refurbished since that time. As a result it has a dated feeling 

suffering severe solar gain, drafts and inadequate heating.

The aim of the project was to have a significant impact on the 

large student population that passes through the college. The 

college has over 29,000 separate enrolments representing 

over 6,000 fulltime equivalent students. The refurbishment 

will demonstrate and create a lead with regard to energy 

saving technology. 

“I find it inspiring to see 
the wind turbines turning 

when I arrive in the 
morning. Although they only 
make a small contribution 

to our energy needs, it was 
very much a ‘pilot’ project.  
As City College Plymouth 
designs its new buildings, 
we will be incorporating 
a lot more ‘green’ design 
principles and practices.”

Viv Gillespie

Principal of the City College Plymouth 

Context
Plymouth has a temperate climate avoiding the extremes of 

temperature experienced in many other parts of Europe. The 

site itself is exposed to the sea together with the prevailing 

wind from the southwest. The site used to be a railway station 

and marshalling yards which was redeveloped at a time when 

the railway system in the UK was being cut back. The building 

was erected in 1972 having a reinforced concrete frame and 

non insulated cavity wall construction, and single glazed 

vertical sliding windows. The flat roof now has many mobile 

telephone installations.

BuildinG ConSTruCTion 

The building was erected using simple cavity wall construction 

and single glazed windows, all of which results in very low 

insulation values. The existing walling is typical of its time 

with an outer face of bricks and a 50 mm cavity with no 

insulation. Concrete blocks form the inner skin of the walls. 

Existing windows are single glazed in metal frames. 

The heating comes from a significantly oversized boiler 

installation and relies on parameter convection units. These 

have poor controls. Ventilation is mainly passive using the 

openable windows although in many instances these are 

extremely drafty and difficult to operate. There is an only 

limited area of cooling in the building to the computer 

server rooms. The lighting installation has been upgraded in 

recent years incorporating low energy light units and some 

automatic control systems. There are still  many areas of more 

old fashioned fluorescent lighting. 

There is an advanced computer control system already used 

at the site called Satchwell 2800 Plus that this now requires 

updating. Building problems include overheating and rapid 

cooling with significant air leakage into the building. The 

building façades are suffering erosion due to their exposed 

positions. The windows are difficult to operate and are 

a Health & Safety hazard. The roof has been patched and 

needs an increase in its insulation thickness. With regard to 

the water installation some improvements have been made 

including waterless urinals but there is significant scope for 

further improvements to the ageing installations.

Solutions
BuildinG ConSTruCTion

A holistic retrofit concept is developed, but not yet realized. 

This includes the upgrade of the external façades to 

significantly reduce energy loss. The remodelling internally 

to create a modern environment using innovative measures 

to control heating, cooling and lighting and the working 

environment. More specifically, new thermally broken double 

glazed, reversible window units including solar glare control 

and sealed to reduce infiltration gain. This would provide 

improved U-values of 1.2 W/m2K. The window system would be 

City College, Plymouth, united Kingdom  

Overview of the complex

Typology education

Total floor area 5,794 m2

responsible City College Plymouth:
project partner  www.cityplym.ac.uk
  Gilbert Snook: gsnook@cityplym.ac.uk
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combined with a new cladding which on the south and west 

façades will include PV’s amounting to 83 kWp. These PV’s 

would be arranged on the west façade to include solar 

shading. 

More traditional cladding will be used to the north and east 

façades and all façades will have a significant increase in 

insulation values.

Water use in the building would be reduced by maintaining 

the use of waterless urinals, the introduction of rain water 

harvesting for toilet flushing and the use of spray taps.

HeATinG

This would be upgraded with three high efficiency modulating 

boilers, sized so that two boilers can serve 66% of the total 

maximum heat demand to allow for servicing. Heat emitters 

will be replaced with high efficiency radiators served from 

a zoned distribution system. Zoning will allow the east and 

west elevations to run independently and on a floor by floor 

basis. Heating would be further improved by the addition of 

a combined heat and power unit. This would be based on a 

micro turbine with an electrical output of approximately 80 

kWp. This would be run constantly from late September to 

early April,  24 hrs a day and the heat produced circulated 

around the building to reduce warm up times and to improve 

general thermal comfort. It is also intended to supplement 

the domestic hot water system through the addition of solar 

thermal units.

VenTilATion 

Room ventilation will be based on natural system. High level 

louvers in each room will provide the inlet and outlet air 

for the ventilation strategy. The upgraded BMS controls will 

open the louvers at night to permit night time cooling and by 

day to maintain the required air change rates and comfort. 

Opening windows will also be included. Stairwell ventilation 

will be achieved by a natural stack effect and this will also 

assist in ventilation of corridors. There will be no mechanical 

cooling unless absolutely unavoidable e.g. computer server 

rooms. Also, as previously indicated, to help control internal 

temperature the external PV cladding will act as solar shading 

to reduce the solar gains by more than 50%.

Wind TurBineS

Two 6 kW wind turbines have been installed adjacent to the 

Tower Block to help reduce energy demand of the site. 

liGHTinG

Where practical, to be provided by natural daylight enhanced 

by the large window areas to be provided. High frequency 

electronic controlled gear and T5 lamps are to be provided in 

all rooms. Lighting will include automatic controlled both by 

occupancy and light levels. All l ighting will be locally metered.

energy data and 
additional results 

BeMS And MoniTorinG

The building energy management system (BEMS) will be 

upgraded to Satchwell Sigma System which is a network based 

system providing much more effective system control.

The new window units at a glance

energy saving measures, heating, cooling, ventilation [kWh/m2a]

low-e windows 30

improved façade design 20

improved insulation of façades 15

improved insulation of roof 8

improved heating and control systems 35

ToTAl HeATinG enerGy SAVinGS 108

 estimated annual energy consumption [kWh/m2a] Annual saving 

 Before refurbishment After refurbishment 
 (2004/05) (2005/06) [kWh/m2a]   [%]

Space and Water Heating 207 99 108 52

electricity (without renewables) 112 53 59 53

electricity (with 80kWp PV) 112 44.5 67.5 60

electricity (with 2 x 6kW wind turbines and 80kW PV) 112 41.5 70.5 63

ToTAlS (WiTHouT PV) 319 152 167 52

ToTAlS (WiTH PV) 319 143.5 175.5 55

ToTAlS (WiTH PV And Wind) 319 140.5 178.5 56

energy saving measures, electricity [kWh/m2a]

low energy light fittings 7

lighting controls 7

Window design to reduce lighting need 10

Passive cross ventilation 35

ToTAl HeATinG enerGy SAVinGS 59
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Measurements and 
evaluation
A thorough user evaluation took place before the renovation 

but due to changing circumstances the main works have 

not progressed therefore post occupancy evaluation is not 

available.

With regard to the wind turbines, these have already been 

installed. Preliminary power output results have been 

disappointing and the situation is stil l  being investigated but 

in summary the results are as follows:

• Target output for 2 kWp peak wind turbine 33,800 kWh/a.

• Actual output from first year 5,750 kWh.

The poor output seems to result from a combination of the 

following factors:

1. The wind conditions encountered during that particular 

year, which had more northerlies than normal.

2. Likely over estimation of the power output to be 

achieved not properly taking into account the wind 

disruption factor caused by the presence of the Tower 

Block adjacent to the turbine installation.

3. Poor performance by the installer and manufacturer to 

resolve problems with the turbine breaking systems.

4. Increased downtime caused by shadow flicker although 

this has mainly occurred during non windy periods 

therefore of less significance. 

More significant monitoring is taking place in the second year 

of operation to identify more precisely the reasons behind 

the poor performance of these wind turbines.

First hand experiences
Examples of this experience are:

• Untested opinions and ideas are critical to the creative 

process; however, the modelling of these ideas is 

essential. Time needs to be built into the programme to 

facilitate sufficient analysis and testing of these ideas 

particularly when dealing with the constraints offered by 

an existing building. It is important to establish a model 

of the building to allow the rapid testing of ideas as the 

most obvious concepts do not always offer the greatest 

benefit. For example, the proposed vertical louvers under 

the PV array to the western elevation. Modelling showed 

a good saving from solar gain but the additional cost was 

unacceptable to the client.

• The long payback period discourages the choice of some 

technologies unless funding is available to support the 

investment. 

• Consultants are often very inexperienced with regard to 

certain technologies for example wind turbines, which 

in this case are mounted upon a roof structure. Obvious 

design issues then get left and interrupt the construction 

process. Also lack of familiarity with low energy 

technologies mean they are seen as optional extras. 

• An alternative and more adventurous solution should 

always be considered as they can have positive benefits 

if properly researched, proved and implemented. Example 

here is with regard to the possibility of 24hr running of 

the CHP system to provide background heating to the main 

building.

• It is possible to integrate technologies to serve dual 

purposes. In the case of this building the PV arrays are 

also serving as solar shading. Careful consideration of 

all aspects of the project at the outset will permit such 

integration.

• The goal for all designers is that the services concept 

should always start from a desire to consume zero 

energy and only add what is required to make the 

building function. It is not acceptable to use established 

benchmarks for similar buildings at the starting point 

as this can stifle innovation and lead to tried and tested 

solutions coming to the fore. This should apply to all 

projects and not just those seeking to be specifically 

energy saving.

• Better control of services can save considerable quantities 

of energy; this should be covered with high quality 

commissioning procedures and concise training of the 

client in the best use of the system. Poorly trained people 

will not use systems effectively and energy consumption 

will suffer as a result. The introduction of thorough sub 

meeting linked to BMS is essential to allow for efficient 

management of utilities.

• There is an education process required at the hand over 

stage to ensure the building owner understands the 

advantages and or limitations of any installed systems and 

maybe an expectation of systems will perform to provide 

results that are outside design parameters. This needs to 

be clearly explained such that the end views are brought 

in to the process at an early stage. Close liaison with the 

client and the end users through the design process is of a 

great advantage in connection with this.

• Many low energy technologies are currently produced by 

small businesses. These businesses struggle to provide 

good customer service when experiencing high demand. 

The use of businesses within the same region as the 

development is strongly recommended.

The building in its actual state



Borgen Community Centre, Asker, norway  

       

Summary
The Borgen demonstration project has proven that innovative 

energy solutions as thermal heat pump, hybrid/natural 

ventilation and active use of daylight in combination 

with increased insulation and high quality windows have 

substantially reduced energy consumption at a reasonable 

cost and a payback time of slightly over 10 years. 

The project, the challenges
The challenge was to implement a comprehensive renovation 

of a combined elementary/secondary school building built in 

1971, transforming it into a secondary school incorporated in a 

local community centre. The overall goals were: 

1.  Best possible quality classification for: environment - 

resources - indoor climate.

2.  Reduce total energy consumption for heating, ventilation 

and lighting by 50% or better.

3.  Utilize renewable energy resources.

The school, consisting of approximately 130 separate rooms, 

accommodates 360 students and 54 teachers. 

Borgen Community Centre 
stands as a very successful 
project, representing a major 
contribution to improve 
environment, resources and 
indoor climate.  I register 
with pleasure that our goal of 
reducing energy consumption 
by at least 50% has been 
achieved by a good margin. 
Our experience with the 
technical principles applied to 
the building represents a good 
foundation for future buildings 
in our municipality. 

The building has also been awarded a prize for being an 
environmental friendly building, and the response from the 
users are very positive.

Stein Grimstad

Head of Project Department, Asker Municipality

Context
Borgen Community Centre is located in an open suburban area 

approximately 2 km from the centre of Asker, which is situated 

20 km southwest of Oslo. 

BuildinG ConSTruCTion 

Prefab concrete pillars and beams carrying a roof structure 

of U-shaped insulated concrete elements. The building had 

concrete foundations secured to underlying rock and concrete 

slab floors with vinyl covering. Outer walls were made with 

4” wood framework and brick cladding. Wooden windows had 

standard double glazing. Internal walls were also made with 

wood framework and plasterboards on both sides.

HeATinG And VenTilATion 

The building had electric heating with resistance heaters 

underneath the windows. Ventilation was based on a 

decentralized system with five ventilation units placed on 

the roof above each of the main building sections. Fresh air 

was filtered and preheated with electric heaters before it 

was distributed to the building. Used air went through a heat 

recovery system before it was exhausted. The units had low 

capacity and efficiency, and there was no cooling.

ProBleMS And dAMAGeS 

The building was generally in poor condition with insufficient 

insulation, air leakages in both windows and walls and 

extensive damages on brick cladding. The roof elements did 

not meet new requirements to snow loads and needed to be 

Typology School building

Total floor area Ground floor   5,590 m2 
Basem/culvert  1,549 m2 
Gymnasium   1,910 m2

responsible Asker Municipality / Åke larson
project partners  Construction AS (coordination)
 HuS arkitekter Trondheim AS 
 (architect)
 ing. Seim & Hultgreen AS 
 (building physics) 
 dagfinn H. Jørgensen AS 
 (heating) elconsultteam AS 
 drammen (electric installations)
 enSi rådgivning AS (monitoring)

Altitude  164 m above sea level

Mean annual temperature  5.2 °C

Mean winter temperature -4.2 °C

Climate description Temperate 

 
Try average 1961-1990 
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Overall view of the building

The original state



replaced. This would enable opening roof areas to let daylight 

into the dark central areas of the building and also increase 

roof insulation. The main structure had to be strengthened 

with steel trusses. Rehabilitation of the walls would be 

more expensive than replacing them with completely new 

walls. Window area could then easily be increased as well as 

insulation thickness.

Solutions
BuildinG ConSTruCTion 

The concept was to reuse all construction elements that could 

satisfy Norwegian building requirements: foundations, prefab 

concrete pillars and beams, concrete floor slabs, drainage and 

sewage pipes.

In order to meet the new requirements for snow loads, 

roof elements were replaced. Central areas were lifted to 

allow daylight into the building. Underlying structure was 

strengthened with steel trusses between the pillars, which 

had sufficient capacity. Roof insulation was increased to an 

average thickness of 300 mm which resulted in a U-value of 

0.13 W/m2K. Walls were rebuilt with 8˝ wood framework 

and brick cladding. Inside was covered with two layers of 

plasterboards. 200 mm insulation gives a U-value of 0.2 W/m2K 

which is within Norwegian requirements. New windows have 

wooden frames with outside aluminium cladding. Glass is high 

quality double glazing with low emissive coating. Theoretical 

U-value is 1.1 W/m2K which is well below the national 

requirements of 1.6. Existing floor slabs were given a new 100 

mm insulation layer underneath a new 100 mm concrete floor 

slab. Some areas were covered with oak floorboards, but the 

greater part was grated and waxed to give a robust surface 

with high thermal capacity. The insulation layer was also used 

to lay new water pipes and electric cables. 

To provide enough floor space to meet the revised school and 

community centre needs, an extension of approximately 

2,000 m2 had to be added. 

HeATinG 

To optimise the use of renewable energy, a geothermal heat 

pump was chosen. Heat is pumped from 44 energy wells in the 

ground, average depth about 150 m. The heat pump produces 

low temperature hot water, 45 to 50 ˚C. Heat is distributed 

by water to radiators under the windows. It is also used to 

preheat domestic hot water (DHW) to about 40 ˚C and the 

temperature is then lifted to 75 ˚C by electric heating. When 

using heat pumps, it is mandatory to have a backup system, 

and two oil boilers are installed. Together they have sufficient 

capacity to heat the building and supply hot water if the heat 

pump is out of function. The heat pump is dimensioned to 

60% of total needs. Under normal conditions this is enough 

and the oil burners will kick in only a few days during the 

winter. The energy plant also supply hot water for heating 

to the nearby Vardåsen church, which is part of the local 

community centre but not part of the BRITA project. There 

is no active cooling, but excess heat is used to charge the 

energy wells during the summer.

VenTilATion 

The main ventilation is based on a natural hybrid system which 

is designed and built according to the recommendations from 

The SINTEF Foundation for Scientific and Industrial Research 

at the Norwegian Institute of Technology. Since this was an 

existing building, air culverts had to be built outside along 

the foundations. Inlet towers were placed about 14–15 meters 

from the building and the connecting culvert was designed to 

give room for backup fans, filters and preheating battery. The 

massive construction of the culverts helps to cool the air in 

the summer and preheat during winter. From the culvert air is 

let into the room through specially designed grids that allow 

people to stay very close without feeling a draught. Air flow

is regulated by temperature and CO2 sensors in each room 

and adjusted to the actual need. Exhaust towers are equipped 

with fans that are activated when natural driving forces are 

insufficient. A heat recovery system supplies heat to the 

preheating unit in the culverts. During warm periods the 

system is run during the night to cool the building.

liGHTinG 

The shape of the building made it necessary to improve daylight 

conditions. Central areas of the roof were raised to install windows 

and skylights. The large skylight facing north at an angle that does 

not let direct sunlight and heat into the building, greatly increases 

the level of daylight in the central area. The result is the same in 

Structural   u-value [kWh/m2K] 
unit

          Before retrofit      After retrofit

Windows Approx. 2.0 1.1

Walls Approx. 0.35 0.2

roof  Approx. 0.6 0.13

Floor Approx. 0.3 0.15
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New roof elements

Ventilation structure

Light and good air



the base area, but shutters had to be used to prevent unwanted 

heat. To optimize the effect of daylight, all electrical lights are 

adjustable and automatically regulated by light sensors.

BeMS And MonoTorinG

An advanced Building Energy Management System (BEMS) has been 

installed to control the heating and ventilation systems. This will 

assure optimal control of the building and save energy compared 

to a normal manual control system. Automatic control nodes 

monitor consumption from oil and electricity meters and energy 

meters in the heat pump circuits. Results are sent by GSM to a 

server where facility managers can keep up with energy use.

energy data and 
additional results  
Estimated consumption: 

Estimated saving:

To be able to estimate the effect of our investments, it was 

necessary to use the same area for both the old and the renovated 

building. The share of the energy savings for the old part of the 

renovated building is approximately 169 x 5,970 = 1,008,930 kWh/a

economy

Energy costs used for the payback calculation:

Electric/oil: 0.1 Euro/kWh (0.8 NOK/kWh)

MeASureMenTS And eVAluATion 

Monitored energy consumption during almost two years show that 

we have reached our goals and that consumption in fact is a little 

lower than calculated. 

A four week air quality survey was carried out from January 8th 

to February 2nd 2007. During the survey period each base had 

different climate control:

• Base A: Temperature alone. 

• Base B: CO2 alone.

• Base C: CO2 and temperature.

The results were a bit surprising. The different air flow regulations 

had minor effects. The overall impression is that the students 

experience of air quality and temperature to a large extent is 

psychological. In many cases there seem to be a link between 

temperature and air quality: low temperature results in poor air 

quality judgment even though CO2 value is very good. Likewise, 

comfortable temperatures often result in a good air quality 

judgment even if CO2 value is high. Comfort temperature varies 

among the students. The set temperature of 21 °C is defined as 

comfortable by some and too cold by others, who need 22 to 23 °C

to be satisfied. Outdoor temperature also has some bearing on 

the perception of room temperature. Cold weather produces lower 

indoor temperature results even though actual temperature is fine.

First hand experiences
•  Problems with sound carried from one room to another 

through ventilation culverts. Special care needs to be 

taken in the planning process to provide sound barriers. 

•  Building underground culverts along existing constructions 

is difficult and expensive. Natural ventilation with 

underground culverts is probably most suitable in 

new buildings, where they can be incorporated in the 

basement/foundations. For retrofit, other solutions should 

be considered, for instance fresh air inlet through double 

façades or through special convectors under the windows.

• Moisture from rain and snow enters the system from 

the air inlet towers and has caused lower part of the 

wall enclosing the filter unit to become moist. Too 

short distance from inlet tower to the filter- and heat 

recovery housing, use of wrong materials and the lack of 

a properly slanted floor towards the drain, has resulted 

in development of some fungus. Design should focus on 

preventing water from entering ventilations culverts.

•  IR sensors for light regulation combined with burglar alarm 

has caused problems because unwanted light hits the 

sensor and triggers the alarm. These should be separate 

systems.

•  Extensive and complicated BEMS requires a long testing 

and adjustment period.

• Technical personnel should be educated during the building 

period to get acquainted with the technical installations 

before the building is opened.

•  Some problems with heat delivery to the nearby church. 

The two systems were planned and designed separately and 

the problems arose as a result of poor coordination in the 

planning period. Extra measures had to be taken to solve 

the problem.

                                     [kWh/m2a]        Total [kWh/a]

Total consumption old building            280               2,533,715

Total consumption renovated                111                 1,004,435 
building      

                                  
ToTAl enerGy SAVinG                             169  1,529,280

  [kWh/m2a]    Total [kWh/a]

Space heating 29 262,420 

Heating ventilation air 20 180,980

Water heating 13 117,635 
,
Fans and pumps 15 135,735

lighting 23 208,125

equipment  11 99,540 

ToTAl enerGy ConSuMPTion 111 1,004,435

Total                      1.015.000        100.893        10,06
energy saving measure/ 
investment/ savings/ 
payback

 

Total costs Saving Pay-back  

   
period [a][E]                    [E/a]

ToTAl                      1,015,000        100,893        10  
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Building part         Monitored total energy consumption [kWh/m2a]
                  

Before retrofitting       After retrofitting

          (2004/05)                  (2005/06)      (2006/07)

5,970 m2                   280                            -                 -

9,049 m2                         -                                  108                 107

 



     

Summary
decision makers in urban planning very often have to de-

cide between demolishing and retrofitting of old buildings. 

The demonstration building Brewery is an example that an 

18th century industrial-type building can be retrofitted 

into a 21st century social and culture centre. The retrofit 

design, however, is not a straight line and a good result 

can finally be achieved by iterative approach rather than 

adherence to the original plan.

The project, the challenges
The Brewery is the oldest building in the BRITA in PuBs 

demonstration project, dating back from 1769. The retrofitting 

of very old buildings, which involves the change of use, can 

be full of surprises. No drawings of a building are usually 

available at the beginning and some energy saving measures 

suggested at an early stage of retrofit design may not 

eventually be applicable. Success can therefore only be 

achieved by a flexible, iterative approach. 

"Ancient Brewery was a part 
of historical monastery and its 
manor. Brewery was in 2005 
enlisted as a national heritage 
and this made the retrofit very 
complicated, requiring a unique 
design and construction works. 
Advanced and energy saving 
technologies for heating and 
ventilation, namely in boarding 
and lodging parts implemented 
into Brewery increased its 
value and as we expect, 
will  reduce substantially 

operational costs. Brewery becomes a precious stone of 
a newly developed campus of the Faculty of information 
technologies of Brno University of Technology."

Zdeněk Bouša

Vice-Dean for Development, Faculty of Information 

Technologies, Brno University of Technology

Context
The Brewery is an old industrial-type building in a historical 

area of the city of Brno. The Brewery and some other 

buildings in the area have been retrofitted for the use of the 

Faculty of Information Technologies of the Brno University 

of Technology. The name Brewery refers to the purpose that 

the building was originally used for, however, it only served 

as a warehouse in the recent past. The retrofitting of the 

Brewery involved a complete change of use. The industrial-

type building had to be transformed into a modern social and 

culture centre for students and academics. Many building 

structures had to be rebuilt or reinforced during the retrofit 

and all the building systems had to be designed from scratch.

BuildinG ConSTruCTion 

The oldest part of the Brewery was built in the second half of 

the 18th century. A stone with a date of 1769 was discovered 

during the retrofit in one of the columns supporting the 

vaulted ceilings on the ground floor. The building has been 

rebuilt and extended several times during more than 200 

years of its history. 

The retrofitted building consists of two parts; a four-storey 

part with many structures dating back to the eighteen century 

and a two-storey part that was built later. Another two storey 

part of the building was torn down just before the retrofit. 

There were no existing drawings available for the project and 

entire documentation had to be prepared from scratch.

Social Centre Brewery, Brno, Czech republic 
Typology Before: brewery, malt house, 

warehouse;  
 After: social and cultural centre

Total floor area Before: 2,300 m2 
 After: 2,660 m2

responsible Brno university of Technology (BuT)
project partners  Prof. Miroslav Jicha: jicha@fme.vutbr.cz
 Pavel Charvat: charvat@fme.vutbr.cz
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The brewery after retrofitting



Solutions
BuildinG ConSTruCTion

The Brewery has heavy, one meter thick brick walls and the 

foundation pressure exceeded nominal bearing capacity of 

soil. The foundations were in a really bad condition and their 

reinforcement was necessary in order to avoid a demolition 

order. When the reinforcement of the foundations and load 

bearing structures was completed the energy saving measures 

could be applied. New windows with the glazing U-value 

of 1.1 W/m2K replaced the old ones. Some external walls 

were thermally insulated with 100 mm of mineral wool. The 

floors adjacent to the ground were insulated with 60 mm of 

polystyrene, and the ceilings under the unheated lofts with 

160 mm of mineral wool. The roof of the two-storey building 

was insulated with 160 mm of mineral wool. Guest rooms were 

built in the attic increasing the floor area of the building from 

2,300 m2 to 2,660 m2. 

HeATinG And CoolinG 

A hydronic heating system with different types of radiators 

and convectors is installed in the building. The wall mounted 

radiators are used in most of the rooms. Floor convectors 

placed in grill  covered cavities are used in some rooms in 

order not to disturb the historical appearance of the rooms. 

Air handling units of the mechanical ventilation system 

are fitted with heating and cooling coils (water-to-air heat 

exchangers) and they can be used for heating and cooling. 

Since the building has a tremendous heat storage mass the 

mechanical ventilation systems can be employed for night 

cooling. A heating plant with two condensing gas boilers 

provides hot water for the heating system and air-handling 

units. A cooling plant with two chillers prepares chilled water 

for the cooling loop. A VRV air conditioning system is installed 

in the guest rooms. The VRV system can be used for both 

cooling and heating. The external units of the VRV system are 

located in the attic, so as not to disturb the visual aspect of 

the building. The units draw the outside air in through the 

openings in the façade and blow it out through the outlets 

(chimneys) on the roof.

VenTilATion

Both balanced mechanical ventilation with heat recovery and 

hybrid ventilation are used in the building. The mechanical 

ventilation systems are used in cafeterias, kitchens, clubs and 

multipurpose rooms where high air change rates are required. The 

hybrid ventilation system with the demand control based on air 

quality sensors is used in the guest rooms where the ventilation 

demand varies significantly over the time and from room to room. 

The pictures show the air supply inlets of the hybrid ventilation 

systems installed in the window frames.

SolAr PV 

A grid connected PV system with the peak output of 13 kW is 

installed on the roof. The system consists of 132 monocrystalline 

modules. The main objective of incorporating the PV system into 

the energy retrofit measures was the reduction of the load to the 

power grid in summer months when mechanical cooling is needed. 

A good match between the output of the PV system and the cooling 

loads is expected due to the orientation of the system.

BeMS And MoniTorinG

The Building Energy Management System (BEMS) is integrated into 

the Building Management System (BMS) of the whole campus of the 

Faculty of Information Technologies. It is possible, with this approach, 

to use information that is not directly linked to energy management 

for energy management purposes (e.g. information about occupancy 

from the access system can be used in control of heating and 

cooling). The BMS monitors numbers of parameters related to 

the performance of the building and building equipment. Since the 

BMS also incorporates a security system, CCTV, fire alarm and other 

services it is possible to limit access of different users to certain 

information. 
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New glazing... ...and hybrid ventilation

Grid connected PV system



energy data and 
additional results

economy

Energy costs used for the payback calculation:

Thermal:  0.062 Euro/kWh (1.75 CZK/kWh)

Electric:  0.11 Euro/kWh (3.10 CZK/kWh)

Electric PV:  0.48 Euro/kWh (13.40 CZK/kWh)

The law (180/2005 Sb.) on support of the power production 

from renewable energy sources came into force in 2005 in 

the Czech Republic. The law introduces minimum purchasing 

prices of electricity from renewable energy sources and the 

obligation of power grid owners to purchase such electricity. 

The minimum purchasing price is guaranteed for the time 

period of 15 years from the commissioning of the plant. 

The minimum purchasing price of electricity produced by 

the plants converting solar energy to electricity (plants 

commissioned in 2006) is 13.4 CZK/kWh (0.48 EUR/kWh). 

As a consequence the payback time of the PV installations 

supplying electricity to the power grid is significantly 

shorter.

First hand experiences
Examples of this experience are:

•  Application of Building Management Systems brings a 

potential of significant energy savings even in the retrofit 

of a very old building.

• Monitoring of occupancy, while being an effective energy 

saving measure, is not easy to implement in a cost-

effective way.

• Even a very old building in a really bad condition can 

be retrofitted in a way to exceed the requirements of 

the contemporary building codes. The cost of a retrofit 

being only a fraction of what a new building with similar 

parameters would cost.

      ToTAl                         515,000         31,730               16

energy saving measure/   Total costs       Saving            Pay-back

investment/ savings/                     period [a]

payback  
[E]              [E/a] 
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The brewery in its original state

energy saving measures, heating     [kWh/m2a] Total [kWh/a]

low temperature heating  39.1 104,100
– condensing boilers 

energy efficient ventilation 33.4 88,750

improved insulation of the 21.0 56,000
building envelope

low-e windows  28.1 74,750

BeMS 13.3 35,500

individual control of heating 8.0  21,400

ToTAl HeATinG enerGy SAVinGS 142.9 380,500

energy saving measures, 
electricity           [kWh/m2a]     Total [kWh/a]

BeMS           3.4    9,000
 
PV-cells, 13 kWp         5.3   14,000

Heat pump for dHW         1.5     3,900

ToTAl eleCTriCiTy enerGy SAVinGS         10.2   26,900



Cultural Centre Proevehallen, Copenhagen, denmark

Summary
The Proevehallen demonstration project proves that 

introducing the right concept of energy conservation 

measures and renewable energy integration into a renovation 

project can bring the resulting building up to an energy 

standard that is considerable better than current building 

regulations at reasonable costs and payback time.   

The project, the challenges
The challenge in this project was to show how energy efficient 

solutions can be used in turning an old factory building into a 

modern low energy and multifunctional cultural house.

"Copenhagen is devoted to 
fighting the climate change 
and welcome the opportunity 
to use a prominent building as 
a lighthouse to demonstrate 
the importance of introducing 
energy efficient retrofit 
measures for a renovation 
project of a public building. 
Our vision for Copenhagen 
is to become the worlds 
EcoMetropole by 2015.  
Copenhagen will assume a 
global responsibility by taking 

the lead in reducing CO2 emissions. To obtain our goal we 
have to look into energy efficiency and savings in all aspects 
of the city planning. I hope that the good experiences from 
Prøvehallen will encourage and inspire other building owners, 
public as well as private, to look into the possibilities of 
increasing the use of energy efficiency savings and renewable 
energy in coming building renovation projects."

Klaus Bondam

Mayor of Technical and Environmental Administration of 

Copenhagen

Context
The site, built in 1930, is located in an urban area called 

Valby, located in Copenhagen. The site is an old industrial 

area, which is being completely reshaped, modernised and 

made into a new neighbourhood with its own identity. The 

building, Proevehallen (‘The test hall’) was together with 

the building, Ovnhallen, right next to it, part of an industrial 

complex for porcelain production. In Ovnhallen the porcelain 

was manufactured and in Proevehallen porcelain-isolators for 

the high voltage electricity distribution lines were tested. 

Proevehallen is an old open hall building constructed in 

1930’ies in 1 floor. However, the height of the building is the 

same as that of a 5 floor building.

BuildinG ConSTruCTion

Proevehallen had not been used for a number of years. It was

an empty hall with height of 18 m. Due to its original purpose 

it had been built as a minimal construction with no insulation 

in walls and windows and simple single glass metal frame 

windows. In the renovation process 2 new floors had to be 

fitted in, and insulation and new windows had to be installed. 

The building had been unheated and ventilated solely by the 

port opening and the windows, so also complete heating and 

ventilation systems had to be designed and installed. As 

there was no energy consumption before retrofit to compare 
to the energy saving design had to compare to the existing 

requirements in the Danish building regulations and estimate 

the savings compared to a building renovated to these 

requirements. Complying with the requirements in the building 

regulations was not a requirement for the renovation as it was 

valid only for new buildings.

 

There were no existing drawings available for the project. 

Below the two photos show the state of the building before 

retrofit.

Solutions
BuildinG ConSTruCTion

Originally it was the intention to insulate the external walls 

on the inside in order to maintain the architectural expression 

of the old brick walls. However, it turned out that for fire 

protection reasons (law and regulations) this would require 

Typology Before: factory building  
 After: cultural centre

Total floor area Before: 765 m2  

 After: 2,300 m2

responsible project Cenergia energy Consultants, 
partners  The Municipality of 
 Copenhagen (uuF) 
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Proevehallen in its new state

The original building
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quite substantial and extremely costly treatments of the 

metal beam load supporting parts of the wall. Therefore it was 

decided to insulate the wall externally. This has no economical 

consequences to the project and from a technical point of 

view it is a clear advantage, as it is well known that external 

insulation is better at preventing thermal bridges than 

internal insulation.

HeATinG

The basic heating system selected for Proevehallen is a 

standard hydronic radiator system. This is not a special 

energy saving measure of the project, so standard procedures 

for sizing the radiators, piping, pumps, etc. have been used. 

The piping has been isolated according to Danish standard 

specifications. The air supply in the mechanical ventilation 

system is preheated - if needed - by a heating coil. This is 

supplied also from the hydronic system. The monitoring of the 

heating energy consumption also includes this consumption.

VenTilATion 

The building is ventilated by a combination of natural

ventilation – of the upper floor – and mechanical ventilation

of the lower floors where also a bathroom and toilets are 

located. The upper parts of the high windows are used for 

natural ventilation of the upper floor. As the openings are 

placed high above the ceiling the incoming air will  be mixed 

with the indoor air – thus reducing the risks of cold draughts. 

This ventilation will be required only when the gym on the 

upper floor is used by people generating heat which has to 

vent out, so preheating and heat recovery is not needed for 

this air exchange. The windows will be demand-controlled 

according to CO2 and temperature.

 An efficient air-to-air heat exchanger is used for the 

mechanically ventilated part of the building. This balanced 

ventilation system keeps a minimum low ventilation for the 

toilets and it supplies additional ventilation when the CO2 , 

humidity (in the bathrooms) and temperature sensors indicate 

that there is a demand for additional air exchange.

With a naturally ventilated upper floor and an efficient heat 

exchanger in the mechanical ventilation system, there was no 

need for solar preheating of air. This modification will have 

no effect in calculations, since the benefit and costs of solar 

preheating of ventilation air has not been calculated and 

shown in the original proposal.

SolAr PV & SolAr PV/THerMAl (PV/T)

Two kinds of PV plants are installed at Proevehallen; One at 

the gable (19 kWp) which is made with an artistic expression 

and one innovative PV-T plant (6 kWp) which also delivers heat 

by cooling by a heat pump. The cooling raises the efficiency of

the PVs. The produced electricity are used in the building or

sold to the electricity grid.

            

Upper floor and isolated roof

PV-T plant

Proevehallen in it’s original state



BeMS

A Building Energy Management System (BEMS) has been 

designed and installed to control the heating and ventilation 

systems. This will secure an optimal control of the building 

and thus save energy compared to less sophisticated or 

manual control systems. 

The system will also be used for capturing energy consumption 

and data about temperature, CO2, humidity plus external 

weather conditions that can be used for analysis with respect 

to indoor comfort, air quality and energy consumptions. 

energy data and 
additional results
eSTiMATed SAVinGS 

economy

Energy costs used for the payback calculation:

Thermal: 0.075 Euro/kWh (0.55 DKK/kWh)

Electric: 0.21 Euro/kWh (1.55 DKK/kWh)

The costs for the additional bearings for PV-panels on the 

gable wall was 2,119 Euro/kWp. These costs will be further 

increased because of artwork placing of the PV-panels. These 

additional costs are not included in the costs presented in the 

table – as they include other expenses, for example the fee to 

the artist. Furthermore this solution requires the use of new, 

totally black solar cells, at a higher cost than conventional 

solar cells.

First hand experiences
The main impression is that by pushing and trying hard enough 

you can move “what is possible” quite a bit further than what 

is first indicated by building designers and contractors.

The examples of this experience are:

•  The finding of the architect that the minimal  construction 

of the roof was already strengthened because of the 

crane, so it could actually carry the weight of the 

additional insulation.

• The competition between the window manufactures made 

it possible to come up with quite low U-values for the 

whole window even considering the rather small individual 

glazing areas.

•  As always the first reaction from the contractors is that 

“this is too expensive”. In the actual situation it was the 

BEMS system. But by negotiations it finally got through 

the process.

energy saving measure/ 
investment/ savings/ 
payback

 

Total costs Saving Pay-back  

   
period [a][E]                 [E/a]

ToTAl                       426,749            30,623           14

energy saving measures, 
electricity                                          [kWh/m2a]    Total [kWh/a]

High efficient fans in the ventilation    12.4 31,000

BeMS     4.0 10,000

electrical output of PV/T cells 2.4 6,000

PV-cells, 19 kWp 6.4 16,000

ToTAl eleCTriCiTy enerGy SAVinGS     25.2  63,000

Water saving measures,                                              [m3/a]igh
toilets, showers, taps

ToTAl  575
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'Artistic' PV on the gable

BEMS

energy saving measures, heating, 

cooling, ventilation                          [kWh/m2a]     Total [kWh/a]

High efficient ventilation 47.2 118,000

improved insulation of the façade 6.0 15,000

low-e windows 8.0 20,000

Heat savings (lower water use) 9.2 23,000

BeMS 12.0 30,000

Combined PV and 
Thermal heating system 6.6 16,500

ToTAl HeATinG enerGy SAVinGS 89.0 222,500
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Summary
The purpose of the project is to minimise energy needs 

with the use of energy efficiency measures and integration 

of solar technologies ensuring simultaneously thermal 

and visual comfort conditions both indoors and outdoors. 

Key feature of the retrofitting is the accommodation of 

energy efficiency and renewable energy systems (reS) and 

techniques in an integrated design without altering the 

façades of the building. The energy refurbishment design 

will follow the norms and restrictions foreseen by the 

General Building Code for listed buildings of this type. 

The project, the challenges
The challenge in this project was to renovate a listed building, 

constructed in 1895 - 1905, using energy conservation and 

renewable energy systems. Besides it had to be converted 

into an ecological l ibrary devoted to demonstration, 

education, and dissemination of low energy and environment 

friendly technologies in building construction and renovation. 

This will include traditional and modern techniques of energy 

and water conservation, ecological building materials, 

renewable energy systems, and recycling of water, paper etc.

“We believe that a major step 
in reducing environmental 
pollution is the widespread 
use of low energy and 
ecological construction 
technologies, and especially 
in retrofitting of existing 
buildings. The renovation 
of Evonymos Ecological 
Library integrates energy 
conservation and renewable 
energy systems with 

traditional building techniques in a listed building, and as 
such it can serve as a pilot project for many similar buildings 
in Greece and in Europe.”

Dimitrios Papadimoulis

Member of the European Parliament, Member of the 

Committee on the Environment, Public Health and Food Safety, 

Member of the Temporary Committee on Climate Change 

Context
The building is located close to the central archaeological 

spaces in Athens, which are being united and enhanced by 

pedestrian roads. This location is ideal for dissemination 

purposes as the whole area is very popular and widely 

frequented by Athens citizens and visitors throughout the year.

CliMATe CondiTionS

Total annual sunshine hours 2,818

Annual heating degree days (18 °C) 1,110

Temperature in °C

Winter average

Winter av. min

Summer average

Summer av. max

  

Typology Before: residence and 
 commercial use.
 After: ecological library and 

cultural centre

Total floor area Before: 910 m2

 After: 1,000 m2

responsible energy and environment unit, nTuA
project partners (euphrosyne Triantis, 
 T. + 30 210 7721024; Moissis 

Kourouzidis, T. + 30 210 3316516)   
 euditi
 evonymos ecological library 
 www.evonymos.org 

The new façade and the new patio with solar collector

evonymos ecological library, Athens, Greece

The building in its original state

11.6

7.6

25.1

29.7
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BuildinG ConSTruCTion 

The existing building construction is characteristic of its era. 

It has 60 cm thick stone walls, and single pane 3.5 m high 

windows and balcony doors. Originally there was no insulation 

on walls and roofs and the building suffered from serious 

humidity problems. Currently it extends on three floors, a 

basement, and terrace. The ground floor housed commercial 

activities while the 1st floor originally a residence, is now 

used as a library. 

The building has a total floor area of 910 m2, to which two 

covered terraces will be added, bringing the total usable 

surface to 1,000 m2 approximately. Another serious problem 

is the building façade which is gravely deteriorated and is in 

urgent need of renovation. 

Initially the building was heated with portable small stoves 

burning liquid gas. The non-heated parts stayed quite cold. 

This gave rise to cold drafts and unpleasant cold zones that 

the users were exposed to when they circulated to non-heated 

areas. Furthermore, the temperature regime was strongly 

fluctuating with room door opening. During the very cold 

days the capacity of the stoves did not suffice to keep the 

internal temperature within comfort levels. Overall the space 

had strong thermal asymmetries and quite often was under-

heated.

In summer, the heat absorbed by the high thermal mass during 

the day was not dissipated to the environment, since the 

building remained closed during the night, for safety reasons. 

Consequently the heat remained in the building elements 

causing overheating. Thus night ventilation is very beneficial 

for cooling off the building mass.

Solutions
BuildinG ConSTruCTion

The interior of the building will be completely renovated. 

Key features of the renovation is the addition of new useful 

spaces, that is: 

a) A mezzanine between the ground and 1st floor, in order to 

take advantage of the double height of the ground floor 

(nearly 6 m).

b) The conversion of an existing veranda on the first floor in 

to an open reading area. 

c) The conversion of the terrace into a sitting area. The 

outdoor spaces will be designed to ensure high quality 

thermal and visual comfort for the users in all seasons. 

enerGy ConSerVATion

• External insulation of walls and roofs: 4 cm insulation 

thickness - all external architectural decorative elements 

will be dismounted for the placement of insulation and 

then replaced or reconstructed. 

• Air tight low–e double glazing and night insulation 

(insulated aluminium rollers). 

• Reduction of infiltration with window stripping and tight 

window frames. 

• Shading varying according to the orientation of openings 

(horizontal, and vertical shades made of thin wooden 

openable fins). 

• Shading of the South and Southwest façades with wooden 

pergolas supporting PV modules and sliding cloth shades. 

• Ecologically treated wood.

HeATinG

Renewable energy integration: 

• Integration of two sunspaces on the verandas/terraces with 

openable vertical and tilted glazing to eliminate any increase 

of building cooling load.  

• PVs integrated on the sunspace roofs as shading devices. 

• Solar collectors for domestically heated water.

eFFiCienT enerGy SuPPly

• Gas fired water boiler system for heating, fuelled from the 

natural gas city network. The size of the boiler needed is 

82 kW. A four-way valve is necessary at the boiler outlet to 

significantly lower the water temperature to the level needed 

by fan coil units (~45-50 °C). Pumps will be driven by Variable 

Frequency Drivers (VFD), to account for pressure changes due 

to opening/closing of local valves. 

VenTilATion

• Hybrid efficient ventilation: ceiling fans and earth pipes.

• A centrifugal fan (fan section type) with VFD drivers will assist 

natural ventilation. It will be installed at the top of the main 

stairs of the building to reject used air.

• Innovative solar chimney / light duct elements. 

• Night hybrid ventilation for the warm months. 

The interior



BMS And MoniTorinG

An intranet with PCs will be used for education and information 

purposes in order to present to students and visitors of the library 

the energy conservation and environmental systems used in the 

building and their operation. Most of the systems installed in the 

building will be controlled by a Building Management system (BMS). 

The BMS serves 3 distinct purposes:

• Control HVAC, lighting, passive cooling, RES and other systems 

installed in the building, optimizing their performance.

• Collect system operation and energy consumption/production data 

for analysis and evaluation.

• Demonstrate the usefulness of the system itself, as well as the 

entire energy conscious design of the building.

 

The BMS will receive input and/or control the following:

It will be connected via LAN (Ethernet) to the computer system in the 

library, to be used for demonstration and teaching purposes.

It is planned to conduct a user survey among the library members 

in order to collect their opinion on comfort levels before and after 

renovation. Results will be evaluated in comparison to the monitoring 

data collected. 

energy data and 
additional results
eSTiMATed yeArly SAVinGS

economy
Measurements and evaluation will be available after 

completion of the project in May 2008.

First hand experiences
• It is often difficult to combine public financing 

procedures for the restoration of public buildings with 

the prerogatives of a research project. In the case of 

Evonymos project, the construction process has been 

greatly delayed because of the lengthy procedures 

involved in building restoration financing trough the Greek 

Ministry of Culture, to which the building belongs, as a 

listed building. The eligible part of the project would not 

have been completed in time if the project team had not 

secured the participation of private sponsors, such as 

STO AG-Dracopoulos O.E., Schneider Electric, Poseidon 

Monoprossopi Ltd and ISTO SA, who undertook financing 

and construction of different parts of the project, under 

the general management and coordination of Mr. Elias 

Louizos of ICS DUELL Ltd.

• Therefore, in addition to the challenge of integrating 

renewable and energy conservation systems to 

the traditional construction techniques of a listed 

building, this project has been innovative in terms of 

the combination of private and public sponsors in the 

retrofitting of a public building.

• Finally, it should be noted that the introduction of passive 

solar components into the retrofitting of a listed building 

should not be treated in an inflexible way or as remedy for 

all types of problems. Each building should be considered 

individually and passive solar features introduced into the 

overall design concept so that the best possible balance of 

thermal and visual comfort is achieved and the retrofitted 

building meets the occupants’ practical and aesthetic 

needs. 
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eligible costs [e] Pay-back period [a]

      484,370 23
 
  

 
 

System Measurements & controls

Weather station Temperature, solar radiation, 

 humidity, lighting level, wind

Photovoltaic cells recorders, display

Boiler Thermostats / valves, time

Heat pump Thermostats / valves, time

Fan coil unit Temperature, time, humidification

Air handling unit Temperature, time, heat recovery
(meeting rooms)

Fans / openings Co2 sensors, fans, openings, 

 ambient conditions, time, motors

lighting local dimmer sensors, occupancy 

sensors, time

Sunspace openings, shading, ambient 

 conditions

Shading louvers (horizontal and vertical)

Glazing night  rollers (electric motors)

thermal protection

Fire protection Fire sensors, alarms

Heating energy saving            [kWh/m2a]   Total [kWh/a]

               195                195,000
 
  

electrical energy saving         [kWh/m2a]   Total [kWh/a]

              4.2                  4,234 

Water saving

original measures original water savings                                                                             Modified water seavings

                                          [m3/m2]       Total [m3]   [m3/m2]       Total [m3]

Two sanitary spaces 0.16               175                                                0.16               175

Modified measures

Addition of two more sanitary spaces 
to service the users
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Main Building Vilnius Gediminas Technical university (VGTu), Vilnius, lithuania 

Summary
This demonstration project proves that by applying the 

methodology of multi-variant design and multiple criteria 

analysis of a building refurbishment more efficient building 

refurbishment can be realized.

The project, the challenges
The challenge in this project was to show how energy efficient 

solutions can be achieved in applying the methodology 

of multi-variant design and multiple criteria analysis of a 

building refurbishment by forming thousands of alternative 

versions. This methodology allowed to determine the 

strongest and weakest points of each the main building’s of 

Vilnius Gediminas Technical University (VGTU) refurbishment 

project and its constituent parts. 

“Every morning I look at the 
Main building of VGTU on my 
way to work and a feeling of 
admiration sweeps me: it has 
become so beautiful after 
refurbishment. It’s sad that 
we could not refurbish other 
buildings of VGTU yet”.

Prof. Dr. habil. Romualdas Ginevičius  

Rector of Vilnius Gediminas Technical University

Context
The site of the VGTU main building is in a suburb, nearby Vilnius 

university (VU), residential buildings and a forest. 

Lithuanian climate is maritime/continental. The highest 

temperature in July is +30.1 °C,  the lowest in January is -22.7 °C. 

The Lithuanian climate is temperate. From May to September 

daytime highs vary from about 14 °C to 22 °C, but between 

November and March it rarely gets above 4 °C. July and August, 

the warmest months, are also wet, with days of persistent 

showers. May, June and September are more comfortable, while 

late June can be thundery. Slush underfoot is something you 

have to cope with in autumn, when snow falls and melts. In 

spring, when the winter snow thaws. Average annual precipitation 

is 717 mm on the coast and 490 mm in the East.

Vilnius is located is the east of the country, 140-150 m above 

sea level. It has a mean annual temperature -6.4 °C, the mean 

winter temperature -4 °C.

The rectangular building is a public one, the first one to see 

while approaching the university. The main details are: 

• Length and width: 74.30 x 17.22 m. 

• Floor area: 8,484.20 m2. 

• Number of storeys:  7.  

• Number of occupants: 1,084.

• Number of rooms: 219. 

• Several departments and lecture halls, with seating for 50 

to 100 students.

• Average area per user: 7.83 m2. 

• Building date: 1971.

The substructure of the building was made from frame pillar 

with columns of the UK type. The walls of the building have 

a ferroconcrete frame and three-layer ferroconcrete panels 

(60/90/90 cm). The thermal transmittance of walls is 

Uw = 1.07 W/m2K. During thirty years of exploitation, both sun 

and rainfall have had their impact on external sectors. On 

some places connection junctures of three-layer panels were 

already partly crumbled. Such sealing junctures were easily 

blowable  and pervious to moisture. Juncture in damaged 

places of the external sectors was sealed with sealing 

material and fil led up with a sealant.

There were drawings available for the project. The following 

two photos show the state of the building before retrofit.

The biggest part of the external sectors in the main façades 

was occupied by glass area. All window glass was placed in 

wooden or aluminium profile frameworks. The windows were 

very old: closing windows and lack of tightness were the 

biggest inconveniences. Current construction of the windows 

did not correspond to the modern window requirements and 

did not ensure proper inside comfort conditions. The thermal 

transmittance of existing  windows was Uwi = 2.5 W/m2K. 

Lateral entrance doors in the building were old, unsealed and 

very insecure as well. The thermal transmittance of doors was  

Ud = 2.3 W/m2K.

All roofs of the building were flat, and the covering was 

made from the roll. In October 2002, the roof was repaired. 

Typology university education and   
 research centre

Total floor area 8,484.20 m2

responsible project renovacijos projektai ltd. 
partner  

Main building Vilnius Gediminas Technical University (VGTU)

The VGTU-building before retrofit.

Plan of 4th floor.



After unwrinkling all blowholes and other roughness of the 

old covering, new hydro-isolating roofing was fit up. While 

renovating the roof, due to a shortage of financing, current 

old parapet tins were changed only in these places where they 

were very rusty. The thermal transmittance of roof  was Ur = 

0.8 W/m2K.

Solutions
BuildinG ConSTruCTion

Keeping in mind that the building is now in use more than 

thirty years, the following measures have been suggested: 

• Renovation of façades.

• Replacement of windows.

• Renovation of the roof.

• Replacement of entrance doors.

• A slight optimisation of the renovated thermal unit and 

complement of the automatic part.

• Renovation of the heating system.

The retrofit concept than looks as follows:

HeATinG

It was suggested to carry out renovation of current morally 

and physically out-of-date heating system. It would include 

three stages:

1. A new, fully automated heating system, with automated 

compensation valves designed for the stands of the heating 

systems, new closing reinforcement, the installation of 

thermostatic valves for heating equipment, change of trunk 

pipelines and co-ordination of this part of the project.

2. Implementation of this heating system renovation.

3. Coordination and operation of the renovated heating 

system. This regards the heat effect.

During the partial renovation of the thermal unit, an 

electromagnetic indicator for heat and water quantity will 

be installed. With the help of the indicator the heat quantity, 

the quantity of flowing water, instantaneous debit, initial 

and recursive temperature, initial and final pressure is 

determined. Data of indicator may be transmitted by internet 

and the indicator managed by computer programs. 

VenTilATion

Renovation of mechanical air supply/removal systems includes:

1. Replacement of the current ventilation system with at new 

one, fully automated. Ventilation should be mechanical, 

with 50-70 percent recuperation. In addition, new pipelines 

of air supply/removal and equipment will be installed.

2. Implementation of this air supply/removal systems 

renovation.

3. Installation and co-ordination of the new systems. This 

includes installation and co-ordination of the systems.

energy data and 
additional results
eSTiMATed SAVinGS 

Energy costs used for the payback calculation:
• Thermal:  36.14 €/MWh.
• Electric:  85.15 €/MWh. 

Measurements and 
evaluations
The monitoring of the VGTU main building started in March 

2006. The conclusions of an energy audit (performed in 2002) 

showed that 14-16 °C was the average temperature in premises 

during a heating season. The indoor air temperature increased 

by 2-4 degrees after replacement of windows, insulation of 

roof and renovation of the thermal unit. Now the indoor air 

temperature meets the requirements. However, the analysis 

of volume flow, air velocity and relative humidity shows 

that current values are lower than those of specifications. 

Insufficient speed of the indoor volume flow determines lack 

of oxygen. As a result, indoor hygiene conditions are bad, 

people feel worse and their productivity decreases. It was 

possible to compare the data on energy consumption before 

the renovation and during the renovation. In summer of 2004, 

the windows of the main building were replaced. In autumn of 

2005, the roof and walls of the semi-basement were insulated. 

In 2003, the heating energy consumption was 920,000 kWh, 

and in 2005 already 532,000 kWh, i.e. it decreased by 42%. In 

2006, the heating energy consumption made up 547,000 kWh. 

Compared to 2003, the heating energy consumption decreased 

by 41%. In 2005, electricity consumption decreased by about 

16% compared to 2003, and compared to 2004 by 26%.  The 

level of pollution was measured in the environment of VGTU in 

2006-2007: noise pollution (dB), CO pollution (ppm), particular 

mates pollution (particle pollution) (mg/m3) . A forecast 

of pollution (noise pollution, dB; CO pollution, ppm) in the 

environment of VGTU for the year 2010 is provided. 

First hand experiences
During the VGTU renovation aiming at energy savings 

measures, modifications occurred. Because of financial 

shortages the third renovation component, i.e. ventilation and 

in consequence the ventilation system, was not foreseen to be 

refurbished. However, in the process of renovation the three 

main  components – building envelope, heating and ventilation 

- must be kept in balance. As €  42,605.61 was saved by 

replacement of the windows, it was therefore decided to use 

that money for the renovation of the ventilation system.
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[E]                 [E/a]

ToTAl                       462,000            40,840          11

energy saving measures heating [kWh/m2a]  Total [kWh/a]

High-efficient windows 26 220,589

insulation of roofs and façades 27.9 236,672

Heating system 36 305,663

Ventilation system 42.2 297,000
(heating recovery system)

ToTAl HeATinG enerGy SAVinGS 132.1 1,059,924

 Structural u-value [ W/m2K ]

 unit Before retrofit After retrofit

 Windows 2.5 1.16

 Walls 1.07 0.2

 roof 0.8 0.2

 doors 2.3 1.5

energy saving measures/ 
investment/ savings/ 
pay-back

 

Total costs Saving Pay-back  

   
period [a]



	 	

Context
The	new	Playhouse	for	 the	Danish	Royal	Theatre	on	the	

Copenhagen	waterfront	will	open	 in	February	2008.	The	

Playhouse	consists	of	a	main	stage	with	650	seats,	a	second	

stage	called	 ‘Port	scene’	with	250	seats	and	a	small	studio	

stage	with	 100	seats,	 together	with	rehearsal	 rooms,	record-

ing	studio,	costume	workshop,	restaurant,	café,	 l ibrary	offic-

es,	 facilities	 for	staff	and	artists	and	a	 large	public	square	 in	

front	of	 the	building	with	a	view	of	 the	harbour	area.	

The	main	stage	has	horseshoe-shaped	galleries	and	 is	 inspired	

by	the	northern	 Italian	renaissance	theatre.	The	 ‘Port	scene’	

reflects	the	 fact	 that	 the	 large,	gate-like	doors	 in	 the	north-

ern	wall	can	be	opened	to	draw	the	stage	and	activities	out	

onto	the	pier.

Energy Objectives
To	reduce	energy	consumption	and	environmental	 impact:

•	 	Reduction	of	energy	consumption	and	CO2	emission	related	 	

	 	 	 to	cooling	by	75%.	

•	 	Heat	consumption	and	energy	for	ventilation	related	CO2

	 	 	emission	reduced	by	50%.

•		Through	environmental	 friendly	concrete	a	reduction	of	

	 	 	CO2	emission	by	26%.

Solutions
USE Of rEnEwablE EnErgy SOUrCES

An	 innovative	energy	concept	has	been	developed	for	 the	new	

Playhouse.	The	energy	concept	contains	thermal-active	struc-

59

E
co

-C
u
ltu

re
royal Danish Playhouse, Copenhagen, Denmark 

The	Playhouse	 in	 full	glory

Eco-Culture: focus on 
high performing 
cultural buildings

The Eco-Culture project has been set up to dem-
onstrate the use of energy efficient technologies 
integrated into new built high-performing cul-
tural buildings. The reason is obvious as there is 
a need for knowledge about the various ways to 
improve the environmental performance of these 
types of cultural buildings across Europe.
Three remarkable buildings are included in this 
project: 

•  The royal Danish Playhouse, Copenhagen,
    Denmark.
•  The new Public library, amsterdam, 
    The netherlands.
•  The new Opera House Oslo, norway.

focus is on investigations, demonstration and 
testing of the following technologies which have 
been selected out of the integrated ECO-concepts 
as being especially innovative and contributing to 
further development:

•  Energy Storage. 
•  Heat Pumps. 
•  natural ventilation. 
•  PV systems.
•  advanced building Energy Management
 Systems (bEMS).

On the following pages the details of the three 
individual projects can be found. 

ECO-Culture

Typology	 	 Theatre	with	a	total	audience	
	 	 	 capacity	of	 1000	persons	and	
	 	 	 including	café,	 rehearsal	 	 	
	 	 	 rooms,	
	 	 	 l ibrary,	 recording	studio,	
	 	 	 costume	
	 	 	 workshop,	offices	and	facilities	
	 	 	 for	staff	and	artists.

Useful	 floor	area	 12,000	m2

	
Promoter	 	 The	Royal	Danish	Theatre

Project	partner	 COWI	A/S

Other	participants	 Lundgaard	&	Tranberg,	
	 	 	 Pihl	&	son,
	 	 	 Visual	Act
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tures	with	energy	storage,	seawater	cooling	with	heat	pump	

and	demand-controlled	ventilation.	

The	aim	 is	 to	optimize	the	energy	system	by	the	use	of	sur-

plus	heat	generated	during	theatre	performances	 in	 interac-

tion	with	the	building	 integrated	energy	storage,	and	 further	

to	optimize	the	overall	efficiency	of	 the	systems	by	 imple-

menting	seawater	cooling	and	reversible	and	 interruptible	

heat	pump.	This	use	of	renewable	energy	sources	and	surplus	

energy	will	be	controlled	by	the	 intelligent	BEMS.

‘CliMaTE bElT’ EnErgy STOragE USing THErMO-aCTiVE 

SlabS

The	thermo-active	slabs	are	 linked	to	the	overall	energy	con-

cept	because	of	 the	temperature	 levels	close	to	the	room	

temperature:	5-10°C	temperature	difference.	This	means	that	

the	system	can	be	used	as	 low-temperature	heating	and	as	

‘l ittle-high-temperature’	cooling,	depending	on	the	demand	

in	 the	building.	Water	 fil led	tubes	embedded	 in	 the	concrete	

slabs	are	 functioning	as	both	heat	and	cooling	system	 in	the	

Playhouse.	During	winter,	excess	heat	 from	 lighting	and	the	

audience	 is	stored	 in	 the	thermal	active	constructions	until	

the	next	day.	During	summer,	 the	building	 is	cooled	during	the	

night	 (free	cooling)	 in	order	to	be	ready	for	use	the	next	day.	

DaTa fOr OnE blOCk

The	accumulation	 inertia	of	 the	thermal	active	slabs	means	

that	heating	or	cooling	can	be	stored	 in	 the	concrete	slabs	

during	night,	when	the	price	 for	electricity	 for	pumps	 is	 low	

(outside	peak	production	period	 for	 the	power	plants),	

i.e.	 the	use	of	 thermo-active	will	contribute	to	the	reduction	

of	peak	power	production,	which	will	 improve	the	efficiency	of	

the	electricity	production.

SEawaTEr COOling anD OPTiMizED HEaT PUMP

Due	to	the	 location	of	 the	Playhouse	at	 the	waterfront,	 it	 is	

natural	 to	use	seawater	 for	cooling	the	building.	Further	by	

connecting	a	heat	pump	to	the	system,	the	seawater	can	be	

utilized	optimally	 for	heating	 in	spring	and	autumn	as	well.

VEnTilaTiOn

Wherever	 it	has	been	possible,	 the	Playhouse	 is	ventilated	

with	natural	ventilation,	which	saves	energy.	 Ideal	area	 for	

natural	ventilation	 is	 the	 large	 foyer	and	the	offices.	 In	 the	

auditoriums,	demand-controlled	mechanical	ventilation	 is	

used,	 in	order	to	assure	the	amount	of	 fresh	air	necessary	 for	

ensuring	the	desired	 level	of	comfort	and	quality.	

Heat	distribution	

Cooling	and	heat	pump
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EnVirOnMEnTal friEnDly (‘grEEn’) COnCrETE

Environmental	 friendly	concrete	has	been	used	for	 the	 ’cli-

mate	belt’	and	will	underline	the	energy	savings	of	 the	cli-

mate	belt/seawater	solution.	ECO	buildings	should	always	

be	built	of	environmental	 friendly	materials.	Denmark	 is	 the	

European	 leader	within	the	development	of	environmental	

friendly	concrete,	also	known	as	 ’green	concrete’.	

The	environmental	concrete	has	not	been	used	 in	buildings	

before,	but	has	been	tested	-	 in	a	slightly	different	 format	

-	at	a	highway	bridge	 in	Denmark.	The	environmental	 friendly	

concrete	will	 reduce	the	embodied	energy	of	 the	concrete	as	

well	as	reduce	the	CO2	emission	generated	during	the	produc-

tion	of	 the	concrete.

Energy data and additional 
results
For	The	Royal	Theatre	the	contribution	to	the	overall	energy	

savings	are:

THErMO aCTiVE SlabS

•	 Heat	recovering	 from	heat	 from	stage	tower:	

	 Savings	=	57	MWh/year.

HEaT PUMP anD SEawaTEr COOling

•	 Heat	pump,	Heating:	Saving	=	250	MWh/year.

•	 Heat	pump,	Extra	electricity:	

	 Increased	consumption	=	56	MWh/year.

•	 Seawater	cooling,	electricity:	Savings	=	300	MWh/year.

•	 Annual	saving	of	CO2:	76%.

inTElligEnT COnTrOllED VEnTilaTiOn SySTEM – bEMS

•	 Heating:	Savings	=	347	MWh/year.

•	 Electricity:	Savings	=	 125	MWh/year.

•	 Annual	saving	of	CO2:	49%.

‘grEEn COnCrETE’

•	 CO2	saving:	26%.

Economic data
The	construction	cost	of	 the	ECO	culture	parts	are:

•	 Thermo-active	slabs:	c280,000.

•	 Seawater	cooling	and	heat	pump:	c890,000.

•	 Intelligent	ventilation	 including	BEMS:	c500,000.

•	 Environmental	concrete:	c570,000.

•	 Thus	are	the	total	cost	 is	 for	 the	ECO	culture	parts:	 	

	 c2,240,000.	

firST HanD ExPEriEnCES

No	 information	available	yet.	

	
Tubes	 for	Thermo-active	slabs

ECO-Culture
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Context
The	Oosterdokseiland	(Eastern	Dock	 Island)	 lies	 to	the	east	

of	Amsterdam’s	Central	Station	and	borders	on	the	historic	

city	centre.	The	 island	 is	a	component	of	 the	 large-scale	

project	 to	develop	the	Zuidelijke	 IJ-oever	 (the	south	bank	of	

the	 IJ-inlet).	

The	shift	of	port	 functions	westward	from	this	part	of	the	city	

has	presented	new	opportunities	to	support	city-centre	

functions.	Amsterdam	wants	to	transform	the	area	 into	an	

intensive	urban	area,	providing	residential,	commercial,	

recreational	and	public	 functions	 in	as	mixed	an	environ-

ment	as	possible.	 It	can	therefore	accommodate	 functions	

that	are	 forced	to	 leave	the	city	centre	because	of	a	 lack	of	

space.	These	principles	are	reflected	 in	 the	Oosterdokseiland	

Zuiddeel	urban	plan	that	was	released	 in	January	2002.	A	

tract	of	 land	covering	approximately	48,000	m2	on	the	south	

side	of	 the	Oosterdokseiland	 is	being	transformed	 into	a	new	

urban	area	with	a	built	programme	of	about	225,000	m2.	The	

new	main	branch	of	 the	Openbare	Bibliotheek	(Public	Library)

and	the	Conservatorium	(Amsterdam	Conservatory)	 is	 located	

here.	Towards	the	east	 the	plots	become	wider,	allowing	 for	

large-scale	buildings	such	as	the	conservatory	and	the	 library.

Entrance	to	the	new	Public	Library

Typology	 	 1.000	+	seats	 (600	PC’s/
	 	 	 internet/	Ms-office)	Theatre
	 	 	 	 270	seats	5	
	 	 	 meeting	rooms	(education,	
	 	 	 culture,	 information)	 1	meeting	 	
	 	 	 place	(foyer,	 restaurant,	
	 	 	 l iterary	café)	

Useful	 floor	area	 28,000	m2	

Promoter	 	 Municipality	of	Amsterdam

Project	partner	 Ecofys	Netherlands	BV

Other	participants	 Architect:	
	 	 	 Jo	Coenen	&	Co	Architects
	 	 	 Constructor:	
	 	 	 Hillen	&	Roosen	-	De	Nijs	
	 	 	 Assigner:	Gemeente	Amsterdam

new Public library, amsterdam, The netherlands
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Energy Objectives
To	reduce:

•	 	Energy	consumption	and	CO2	emission	related	to	cooling	by	 	

	 	 	75-80%.	

•	 	Heat	consumption	and	related	CO2	emission	by	35-50%.	

•	 	Energy	 for	ventilation	and	related	CO2	emission	by	35-50%.

To	use:	 	

•	 	Renewables;	ground	water	 (i.c.w.	heat	and	cold	storage)	and						

	 	 	 solar	energy.	

•	 	Intelligent	control	 for	maximised	utilisation	of	 the	used	

	 	 	 technologies.	

Solutions
lOng-TErM EnErgy STOragE (lTES) in an aqUifEr

The	buildings	at	 the	Oosterdoks	 location	will	all	be	connected	

to	a	central	cold	and	heating	system.	The	distribution	system	

comprises	two	rings,	cold	and	warm,	that	will	supply	the	con-

nected	buildings	with	heat	and	cold.

In	 total	 there	are	three	times	two	wells	 (cold	and	warm).	Via	

heat	exchangers	the	groundwater	cold	respectively	the	heat	

will	be	transferred	to	two	circular	underground	pipes	(two	

rings),	 the	distribution	system.	The	wells	will	be	charged	dur-

ing	winter	respectively	summer	 in	such	way	that	 the	system	 is	

in	energy	balance.

Innovative	 is	 that	all	buildings	will	have	both	access	to	the	

cold	and	warm	well	at	 the	same	time.	Excess	cold	or	heat	

will	be	stored	 in	 the	buffer	rings.	Due	to	the	 fact	 that	not	all	

buildings	have	the	same	pattern	of	heat	and	cold	demand	the	

buildings	can	use	the	residue	heat	or	cold	of	each	other.

For	peak	 loads	a	bio-oil	 fired	boiler	 is	used.	When	extra	cold	

is	needed	this	will	be	produced	by	a	heat	pump.	The	excess	

warmth	will	be	stored	 in	 the	buffer	ring.	The	heating	system	

of	 the	building	 is	a	 low	temperature	heating	system.	There	are	

no	negative	environmental	effects	of	 this	system.

VEnTilaTiOn SySTEM

The	ventilation	system	of	 the	 library	 is	designed	to	have	a	

high	temperature	air	 inlet	 into	the	building	with	a	temperature	

range	of	 18	to	21°C.	This	means	that	a	 long	period	over	the	

year	outside	air	can	be	used	without	heating.

The	ventilation	system	will	be	controlled	by	minimum	CO2

	 levels.	The	CO2	 levels	of	 the	exhaust	air	are	measured.	 In	 this	

way	an	efficient	use	of	energy	 for	ventilation	will	be	achieved.	

Between	 incoming	and	outlet	air	a	heat	recovery	system	 is	

placed.

SOlar façaDE anD rOOf

Two	photovoltaic	solar	energy	systems	are	realised	 in	 the	

building	of	 the	 library.	Together	with	the	architect	an	 inte-

grated	façade	system	has	been	designed.	The	use	of	 this	 type	

renewable	energy	on	a	highly	visible	 location	where	per	year	

a	 lot	of	visitors	will	come	enhances	the	awareness	of	renew-

able	energy	systems	and	the	ECO-building	concept.	A	PV	roof	

system	of	75	kWp	 is	 installed	 for	a	more	efficient	power	gen-

eration.

bUilDing EnErgy ManagEMEnT SySTEM (bEMS)

A	building	energy	management	system	controls	 the	ventilation	

and	the	heating/cooling	system.	All	 levels	of	heat	and/or	cold	

usage	are	monitored.	The	elektricity	production	of	 the	photo-

voltaic	energy	system	 is	also	connected	to	the	system.

Energy data and additional 
results
The	maximum	allowed	energy	consumption	of	 the	 library	that	

the	municipality	of	Amsterdam	wants	to	achieve	 is	606	MJ/m2	

or	 168	kWh/m2.	

The	contributions	to	the	overall	energy	savings	are:

lOng TErM EnErgy STOragE (i.C.w. HEaT PUMPS) 

•	 	LTES	heating	(heat	pump):	Saving	=	814	MWh/year.

•	 	LTES	cooling,	electricity:	Savings	=	 106	MWh/year.

•	 	Annual	saving	of	CO2	 for	heating:	23%.

•		Annual	saving	of	CO2	 for	cooling:	67%.

PHOTOVOlTaiC SySTEM (rOOf anD façaDE)

•	 	Roof	system	,	extra	generated	electricity	=	56,250	kWh/year.

•		Façade	system,	extra	generated	electricity	=	6,000	kWh/year.

•	 	Annual	saving	of	CO2:	36	tons

inTElligEnT COnTrOllED VEnTilaTiOn SySTEM – bEMS 

– ligHTing

•	 	Electricity:	Savings	=	306	MWh/year.

•	 	Annual	saving	of	CO2:	 13%.

An	 intriguing	 interior

ECO-Culture
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new Opera House, Oslo, norway

Context
The	Opera	House	will	accommodate	nearly	 1,000	rooms	and	

will	be	the	workplace	 for	over	600	people.	The	building	 is	

composed	of	 three	main	elements:	 the	 front	of	 the	house,	 the	

back	of	 the	house	and	the	 ‘roofscape’.

The	 ‘roofscape’	describes	the	building’s	sloping	roof	surface,	

which	rises	directly	 from	the	sea	 level,	and	 is	surrounding	the	

stage	tower	and	technical	 tower	which	are	 	breaking	up	the	

vast	platform	from	the	sea	to	the	uppermost	 levels	 -	all	of	

which	will	be	accessible	to	the	public.	The	 ‘roofscape’	will	be	

clad	 in	white	marble.

The	front	of	 the	house	 incorporates	all	 the	public	areas,	

located	 in	the	building’s	western	section,	with	access	 from	the	

nearby	central	 train	station.	These	public	areas	 include	the	

main	 foyer,	a	 large	performance	auditorium	with	 1,350	seats	

and	a	small	auditorium	with	400	seats.	The	 large	auditorium	

is	designed	 in	classical	 form	with	a	horseshoe-type	plan	and	

a	high	ceiling	height,	providing	high	quality	natural	acoustics	

and	good	sight	 lines	to	the	stage.	Under	the	main	stage,	 there	

is	also	an	under-stage	area	to	allow	 lowering	of	 the	4	stage	

podiums	when	they	are	replaced	by	the	rotating	stage	moving	

in	 from	back	stage	area.

The	small	auditorium	will	have	considerable	 flexibility	 in	both	

stage	and	seating	arrangements.	The	 foyer	will	be	a	grand,	

open	room	with	a	variety	of	 lighting	conditions	and	views	to	

the	surrounding	city	and	fjord.	The	space	will	be	characterised	

by	 its	simple	use	of	materials	and	minimal	details.	A	tall	undu-

lating	wooden	wall	will 	define	the	separation	between	foyer	

and	auditoriums.

The	production	areas	of	 the	building	are	those	termed	 ‘back	

of	 the	house’.	Here	one	will	 find	all	 the	workshops,	storage	

areas,	 rehearsal	 rooms,	changing	rooms,	offices,	and	every	

facility	necessary	to	produce	an	opera	or	ballet.	This	part	of	

the	building	has	 four	 floors	and	one	basement.	The	architec-

ture	and	the	use	of	materials	are	 functionally	appropriate,	

with	the	exterior	 façade	being	composed	of	metal	panels.

As	the	opera	house	 is	 to	be	situated	partly	on	 land	and	partly	

over	water,	 there	has	been	put	much	effort	 into	the	 founda-

tion	design,	handling	of	polluted	soil,	control	of	moisture	and	

the	building’s	water	tightness.

To	create	a	stable	and	dry	working	environment,	 the	construc-

tion	requires	some	12,000m2	of	steel	sheet	piling	around	the	

perimeter	of	 the	site.	The	 foundations	require	28,000m2	of	

piles	to	act	as	supporting	elements	 for	 the	building	above.	

The	piles	vary	 in	 length	and	can	reach	up	to	55m	below	the	

water	surface	before	meeting	stable	bedrock.

The	Opera	House	under	construction

Typology	 	 Theatre
	 	 	 Total	seating	capacity	 1,750
	 	 	 Height	of	 fly	 tower	54m
	 	 	 Depth	of	stage	below	sea	
	 	 	 level	 16m

Useful	 floor	area	 38,500	m2

	
Promoter	 	 Statsbygg,	 the	Norwegian	
	 	 	 Directorate	of	Public	 	 	 	
	 	 	 Construction
	 	 	 and	Property

Project	partner	 Erichsen	&	Horgen	AS

Other	participants	 Sponsors:	Statsbygg
	 	 	 Financing:	Norwegian	
	 	 	 government
	 	 	 Architect:	Snøhetta	AS
	 	 	 Engineering:	Reinertsen	
	 	 	 Engineering	AS,	
	 	 	 Ing.	Per	Rasmussen	AS.	 	 	 	 	 	 	 	 	 	 	 	 	 	
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The	project	started	 in	February	2003	and	will	be	completed	 in	

April	2008.

Energy Objectives
To	reduce:

•	 	Energy	consumption	and	CO2	emission	related	to	cooling	

	 	 	by	75-80%.	

•	 	Heat	consumption	and	related	CO2	emission	by	35-50%.	

•	 	Energy	 for	ventilation	and	related	CO2	emission	by	35-50%.

To	use:	 	

•	 	Renewables;	sea	water,	ground	water	and	solar	energy.	

•	 	Intelligent	control	 for	maximised	utilisation	of	 the	use	

	 	 	technologies.	

Solutions
Demand	controlled	and	energy	efficient	distribution	of	venti-

lation,	 including	humidity	control.	This	results	 in	a	high	maxi-

mum	ventilation	rate	and	a	 long	running	time	for	 the	plants.	

The	users	are	highly	sensitive	to	poor	 indoor	

climate	and	require	humidity	control	of	 the	air.	

Remarkable	architecture

The	Opera	House	backstage

ECO-Culture



66

E
co

-C
u
ltu

re

COnTrOl STraTEgiES fOr glaSS façaDE, ligHT, VEnTila-

TiOn, HEaTing anD COOling

An	 integrated	bus	system	will	be	developed,	which	works	on	

the	shading,	 l ight,	heating,	cooling	and	ventilation	system.	

The	design	will	be	developed	to	maximise	the	use	of	daylight,	

and	reduce	the	cooling,	heating	and	ventilation	demand.	The	

Building	Energy	Management	System	(BEMS)	will	be	 linked	

directly	 to	the	 internet	 for	dissemination	purposes.	 	

a SOUTH faCing glaSS façaDE wiTH SOlar CEllS 

The	Opera	House	has	a	 large	glazed	south	 facing	 façade	 in	 the	

foyer.	This	 façade	causes	over-heating	without	shading.	A	400	

m2	solar	cell	grid	 integrated	 in	 the	 façade	can	provide	both	

shading	and	electricity.	With	the	exposed	 location,	 it	will 	also

be	a	demonstration	of	 the	technology	to	a	 large	audience.	

The	 façade	will	have	a	great	exposure	to	the	south,	 the	sea	

and	the	public.

Energy Data
Theoretical	calculated	total	energy	consumtion	 is	calculated	

to	be	217	kWh/m2.	Without	the	techniques	 from	the	EC	proj-

ect	 it	 is	calculated	that	 it	would	have	been	266	kWh/m2.	This	

means	49	kWh/m2	savings.

ECOnOMiC DaTa

No	 information	available	yet.

The	 interior	 is	 taking	shape

Thermal	energy Electrical	Energy Total	Energy 

1.	 Room	Heating

2.	 Ventilation	heating

3.	 Heating	of	hot	water

4.	 Fans	and	pumps

5.	 Cooling	(Compressors)

6.	 Humidifying

7.	 Light

8.	 Theatretechnical	equipment

9.	 Msc

	 	 	 	 SUM	1-9

	 Outdoor	area	=	900	m2

10.	Outdoor	snowmelting

	 	 	 	 SUM	1-10

 

[kWh/year]
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0

0

0
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0
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[kWh/year]

1,288,000

1,198,718

350,000

1,436,914

682,500

732,153
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7,508,392
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7,598,392
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