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Hockerton 
Southwell, United Kingdom, 1996 
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	Five family houses (180 m2) are built by the inhabitants who all have the ambition to follow an ecologically sensitive way of life. Most important issues are: the zero-heating ambition, which resulted in sun rooms, and highly insulated earth covered roofs, the on-site sewage cleaning and the use of locally and sustainably produced materials. Construction costs where only 5% higher than normal practice in the UK.

The project includes five apartments of each 180 m2. The construction costs were 633,00 Euro, 33,000 Euro higher than a reference building. Energy use for heating is zero, since no heating system is present. 
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Introduction
The European Green Building Forum has produced the Green File, which considers how sustainability relates to the construction industry.

The scope of the document is to: 
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Look at the built environment, primarily buildings and estates; and the materials used to construct these;
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Consider how sustainable development relates to the built environment 
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Look at how to assess the sustainability performance of the built environment. 

The Green File aims to: 
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Act as a reference document on criteria commonly used across Europe to specify and measure sustainability

 in the design, construction and retrofitting of buildings;
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Present a 'Core European Approach';
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Emphasise the energy, transport and information technology aspects of sustainable development;
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Highlight alternative approaches to the 'Core European Approach' and suggest the circumstances under

 which these may be appropriate.

The target audience for the Green File is building and construction professionals. 




What is Sustainable Construction? 

Sustainable construction is the means by which sustainability and sustainable development are applied to the construction industry. So what is sustainable development? 

Sustainable Development
"Sustainable development is development that meets the needs of the present without compromising the ability of future generations to meet their own needs." World Commission on Environment and Development (1987).

This definition has been reviewed by many and is now widely accepted to be development which considers the three aspects of: 
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the environment, 
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social implications, and 
[image: image17.png]


economic issues. 

Other definitions include:
"Sustainable development means improving the quality of life while living within the carrying capacity of supporting ecosystems"; World Conservation Union, UN Environment Programme and World Wide Fund for Nature (1991).

"Sustainable development is development that delivers basic environmental, social and economic services to all residents of a community without threatening the viability of the natural, built and social systems upon which the delivery of these services depends"; International Council for Local Environmental Initiatives (1994).

Within the Fifth European Community environment programme: towards sustainability, the European Commission sets out the actions they require relating to the environment and sustainability.

The programme sets out a new approach to Community environment policy based on the following principles: 
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the adoption of a global, proactive approach aimed at the different actors and activities which affect natural resources or pollute the environment; 
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the will to change current trends and practices which harm the environment for current and future generations, 
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encouraging changes in social behaviour by engaging all the actors concerned (public authorities, citizens, consumers, enterprises, etc.); 
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establishing the concept of shared responsibility 
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using new environmental instruments. 

Different European governments have there own definitions of sustainable development. For instance, the UK Government identified four main aims of sustainable development (1998) 
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Social progress which meets the needs of everyone; 
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Effective protection of the environment; 
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Prudent use of natural resources; 
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Maintenance of high and stable levels of economic growth and employment. 

Other European Governments, such as the Dutch Government use the Bruntland definition.

Sustainable Development in the Urban Environment
The built environment provides one of the main supports for social well being and economic development, as well as having a considerable impact on the environment. Infrastructure, buildings and utilities are essential if nations, communities and business are to function effectively and prosper. The major resources they require, such as land, materials, energy and water have a significant impact on the urban environment. The demand for labour, the human capital, also makes demands on the urban environment by requiring good communication links and ease of transport for goods and services.

The whole construction industry has a significant impact, both directly and indirectly on achieving sustainable development in the urban environment. 

The Expert Group on the Urban Environment was established by the European Commission in 1991. In 1993 they launched the Sustainable Cities Project, focusing on sustainable urban development and the integration of environmental objectives in planning and management strategies. The main output of the project, the European Sustainable Cities Report, provides a framework for local action and identifies a set of principles to use in setting goals and in evaluating and monitoring progress towards sustainability in urban areas. The four principles set out are:

1. The principle of urban management:
Management for sustainability is essentially a political process that requires planning and has an impact on urban governance. The process of urban management requires a range of tools addressing environmental, social and economic concerns in order to provide the necessary basis for integration. By applying these tools, urban policy making for sustainability can become broader, more powerful and more ambitious than has been generally recognised.

2. The principle of policy integration:
Co-ordination and integration are to be achieved through the combination of the subsidiary principle with the wider concept of shared responsibility. Integration should be achieved both horizontally, to stimulate synergetic effects of social, economic, and environmental dimensions of sustainability, and vertically, between all levels of European Union, Member States, regional and local governments. Only by integrating in this way is it possible to achieve greater coherence of policy and action and to avoid contradicting policies at different levels. 

3. The principle of ecosystems thinking:
Ecosystems thinking emphasises the city as a complex system which is characterised by flows as continuous processes of change and development. It regards such aspects as energy, natural resources and waste production as chains of activities that require maintenance, restoration, stimulation and closure in order to contribute to sustainable development. "Ecosystems thinking" also includes a social dimension, which considers each city as a social ecosystem.

4. The principle of co-operation and partnership:
Sustainability is a shared responsibility. Co-operation and partnership between different levels, organisations and interests is therefore crucial. Sustainable management is a learning process, within which "learning by doing", sharing experiences, professional education and training, cross-disciplinary working, partnerships and networks, community consultation and participation, innovative educational mechanisms and awareness raising are key issues.

Sustainable Construction
Sustainable Construction is the application of sustainability and sustainable development to the construction industry. The construction industry has an enormous contribution to make, through the use of resources and the effect of the built environment on quality of life. The use of buildings is responsible for a significant amount of national CO2 emissions, both during the use of the building and through commuting to and from buildings. For instance: 
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In the UK approximately 50% of total UK CO2 emissions are from buildings, and up to a further 20% through commuting to and from buildings. 
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In France 16% of total French CO2 emissions are from residential sector, 10% from commercial and 39% from transport. 
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In Austria … 
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In the Netherlands 15% of total Dutch energy consumption is consumed by households, while transport consumes a further 15%. 

The construction industry can contribute to the aims of sustainable development by: 
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Being more profitable and competitive; 
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Delivering buildings and structures that provide greater satisfaction, well-being and value to customers and users; 
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Respecting and treating its stakeholders more fairly; 
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Enhancing and better protecting the natural environment; 
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Minimising its impact on the consumption of energy (especially carbon based energy) and natural resources (Building a better quality of life, a strategy for more sustainable construction. DETR, UK. April 2000.)

By adopting best practice and identifying new and innovative practices, technologies and ways of working, construction can contribute to its own improved performance and help achieve the goals of a sustainable society.

Levels at which construction can link into sustainable development can be described as below (Sustainable Construction: Future R&I requirements; Report for the CRISP Sustainable Construction Theme Group. March 1999, UK.):

Level 0

Improvements in environmental quality (pre-sustainable) 

Level A

moves towards eco-efficiency and a sustainable construction industry

Level B

involvement in delivering a sustainable built environment

Level C

contributing towards building sustainable communities

Level D

acting locally with consideration of global sustainable development. 

Business benefits of sustainable construction
Although there are many altruistic reasons for considering sustainability and integrating this into construction, there are also compelling business benefits for integrating sustainability into construction. These include: 
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Lower whole life costs; 
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Enhanced corporate image; 
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Improved ability to rent buildings; 
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Better working environment, therefore higher productivity; 
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Reduce energy, water and maintenance costs; 
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Minimising the risk of future legislation/ fiscal measures; 
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Reduced waste and resource utilisation; 
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Ability to meet customer requirements where 'green' credentials are specified; 
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Producing buildings/built areas which meet the user needs as well as the client requirements. 
Practical ways to achieve sustainable construction
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Considering the whole life cost and performance when specifying; 
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Consider designing in sustainability at the earliest stage; 
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Minimising the use of resources (materials, energy, water etc.) during construction 
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Minimising the use of resources (materials, energy, water etc.) during the use of the building; 
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Use natural resources where possible; 
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Designing to minimise transport requirements; 
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Re-use existing built assets; 
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Design for minimum waste; 
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Reduce pollution both during construction and use of the built asset; 
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Preserve and enhance bio-diversity; 
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Respect people, the community and their local environment; 
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Respect your workforce. 
Barriers to Moving Towards more Sustainable Construction 
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Perceived additional initial costs; 
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Lack of expertise/Knowledge; 
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Circle of blame - designers and contractors say clients don't ask for it, clients say designers don't provide it; 
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Perceived additional risks, both technical and market orientated; 
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Communication problems between different professionals and trades; 
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Conservative industry; 
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Commitment and understanding; 
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Incentives. 
 



	

	 
	Development of a Core European Approach 

To establish a core European approach, it is necessary to consider what is being done in different European countries, compare the different approaches, as well as considering approaches external to the EU. The table given in the matrix chapter is derived from the different approaches taken, and with the information being rationalised.

Work carried out by BEQUEST(BEQUEST project funded under the EU fourth framework programme, managed by Salford University.) established a framework which has been agreed by all members of the BEQUEST team. This project also reviewed a significant selection of assessment methods within the EU and broader. In considering the spatial level and activity those described in the BEQUEST framework have been used. For the sustainability issues, these have been derived from reviewing the assessment methods. The table opposite illustrates the framework developed by BEQUEST. 

Appendix 1 details the assessment methods which have been considered in developing the matrix. 

The sustainable development issues which should be considered when developing the built environment, whether at the building, estate or infrastructure level, have been divided into 6 categories. These represent the concerns with regard to sustainable development within the built environment. The 6 categories are: 
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Resources; 
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Indoor environmental quality 
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Environmental loadings 
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Quality of service 
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Social 
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Economic. 

These have then been subdivided to cover all the issues detailed in the assessment methods reviewed. 

Resources:
This category considers the resources which are used both in constructing elements in the built environment and in the on going use and maintenance. Resource issues include energy, materials, land and water. These again are subdivided to cover the different issues relevant to the type of resource. However they do not cover the impact of using that resource, e.g. energy consumption is covered, but CO2 emissions resulting from burning fossil fuel is included in the environmental loadings category.

Indoor environmental quality:
This looks at the internal environment, and providing space that is healthy, comfortable and has good indoor air quality. This category is solely considering the indoor effects, and therefore does not include the health implications external to the buildings. This has been included in the social category.

Environmental loadings:
The environmental loadings category includes the environmental impacts and emissions to air, land and water. These are divided into the spatial level where the major impact will occur, that is whether at a global level or a local level. Again, the internal issues are not covered in this section, but in the indoor environmental quality.

Quality of service:
Certain important issues are not covered by true environmental, social or economic areas, but perhaps reflect aspects from one or more of these. Many of these have been included in the quality of service category. The category is divided into building, estate and city level. It considers issues such as accessibility, controllability, management of the assets, level of amenities and vitality.

Social:
This category includes those issues related to the society which have not already been included. Specifically it has been broken down into health, equity and community issues. Reviewing the assessment methods considered did not result in a diverse set of issues and these have been supplemented through the knowledge of the EGBF project team and advisory group. 

Economic:
The economic category considers costs in terms of the initial costs, the whole life costs, and those costs relating to environmental impact (and this should consider the cost to society rather than just to the business), and the total net benefits of the project. In addition the business aspects are considered, including employment and training issues and enhanced business opportunities.

Weightings:
In considering the above categories of sustainability issues, no allowance has been made for the relative importance of the different issues or categories. Nor does the number of different issues within each of the categories reflect the importance of that issue category. More likely, it reflects the level of knowledge on that issue, and our ability to measure or influence it. In some countries (e.g.UK) attempts have been made to weight the different issues. 

These weightings are used in BREEAM, and are derived from research on the relative importance of different categories and issues within categories, based on a UK consensus. Although the process used can be transferred to different countries, the actual weightings are UK specific. The Netherlands has also done a significant amount of work on allowing different environmental issues to compared. Again this tended to be based on national information, and therefore is not directly transferable to other EU countries, although for similar countries it will give an indication of the performance. The French have considered the most important issues regarding sustainable construction, and produced the priorities of for both environmental professionals and construction professionals. 
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Waterspin, 
Den Haag, the Netherlands, 1996
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	In a local initiative 35 apartment and 9 offices/workshops were realised in two existing and two new buildings (3,900m2). Attention was paid to different ecological themes. For energy, high insulation, heat pumps and low-temperature heating resulted in a more then 50% reduction.

The 35 dwellings, 5 offices and 4 workshops have a total floor area of nearly 3,900 m2. Due to the enthusiastic input of the initiators and using energy saving techniques to energy use for heating is about half compared to reference dwellings. The total energy saving is about 28,000 m3 natural gas, water savings are 750 m3. The construction costs for rental houses were 82,000 Euro.
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Ölz Bündt
Dornbirn, Austria, 1997
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	This 1,160m2 prototype three-storey building with very low energy use exist of a two-storey office and 13 small family apartments. Energy savings of ca. 65% are reached by: very high insulation (U-values of 0.10-0.12), controlled ventilation with preheating of infiltration through earth channels and heat recovery on exhaust. The prefabricated wooden construction elements are produced locally.

By compact building, high insulation, a central solar collector, pre-heating of fresh air supply passing through earth channels, waste heat recovery from used air and small heat pumps the heat demand was reduced to only 7,3 kWh/m2. The total floor area is 1160m2 and construction costs were 1,625,400 Euro.

[project folder: pdf, 210kb]
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Tax Office
Enschede, the Netherlands, 1996
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	This 4,300m2 extension is an example of a passive ventilated office building with natural ventilation, optimal use of daylight, and maximum influence of the user. Energy consumption was estimated 100 to 120 kWh/m2a during monitoring this turned out to be little higher. Most savings are reached on lighting, ventilation, and cooling. 

The floor area of the office is 4,300 m2 in five floors. The energy consumption is 100 to 120 kWh/m2, which is half compared to comparable commercial buildings. Space heating accounts for only 25% of consumption; most savings are on electricity use of lighting and cooling. Total constructions costs were 8,600,000 Euro. 

[project folder: pdf, 379 kb]
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Letterkenny Institute of Technology
Donegal, Ireland, 1997
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	A school building, built to a pattern that was used all over Ireland, was extended by 2500 m2. This extension encompasses classrooms, offices and an atrium. Energy saving measures are: use of heat accumulation through suspended concrete ceilings, good daylighting by high glazing, thermal zoning of interior spaces, high insulation, minimal air leakage, sun screening, and building management system for control and monitoring. Surrounding trees form a windshield to make natural ventilation possible in this windy country. Since low occupation in summer cooling demand is small.
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Saint Exupéry Residence
Verberie, France, 1997

	 
	Two residential buildings with 64 apartments were built on a terrain adapted to both sound-pressure of the nearby TGV-train and the wind. The energy use is 188kWh/m2/a, a saving of 20% compared to normal French practice of that time. Construction costs were marginally higher. 

The project includes 64 dwellings in two buildings. The total floor area is 4,440 m2.

[project folder: pdf, 236 kb]
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Sagedergasse
Vienna, Austria, 1998

	[image: image105.png]



	Nine dwellings in the social sector, a shop and an office were realised in a narrow shaped site. The project uses solar energy by means of a collective system and was nominated for the Eurosolar competition in 1998. Predicted energy use is 28,4kWh/m2year. Apart from costs caused by the shape and size of the building site no extra costs were made.

The building costs were 1,220,000 Euro, from which 210,000 due to the area shape and size. 

[project folder: pdf, 268 kb]
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Tombazis and Associates Office Building,
Athens, Greece, 1994 -1995
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	In this 1,100m2 narrow-shaped office building high energy savings are reached by smart design with a.o: night ventilation, good day and sunlight design, evaporate cooling and heat accumulation. This building shows that it is possible to work with passive cooling even in a Mediterranean climate.

The total floor area of the three offices are 1,100 m2. Energy requirements are 36.7 kWh/m² and 4.7 kWh/m² for cooling.

[project folder: pdf, 286 kb]
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Nieuw Terbregge
Rotterdam, the Netherlands, 1995-2005
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	At an early stage client, developer, utility and housing association co-operated closely in order to realise a new residential area with high standards on architecture, sustainability, health and comfort. All dwellings have an energy reduction of at least 25%. The project demonstrates a great variety of collective and individual energy saving systems. The water and green design brings good opportunities for natural flora and fauna.



[project folder: pdf, 222 kb]
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Riksbyggen, City of Tomorrow
Malmö, Sweden, 2001
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	8 apartments and 3 two-storey houses (varying from 80 to 147m2) show that the Bo01-guidelines work. The predicted energy use (60 kWh/m2a) is much lower then the Bo01-target of 105 which is already lower then the Swedish standard of 120. ICT is used to measure, regulate and steer different subsystems.
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Klosterenga
Oslo, Norway, 1998-2000
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	The urban revitalisation project Klosterenga shows improvement of neighbourhood and good architectural integration of ecological and energy measures (reduction 30% after renovation). The south-orientated double skin facade introduces solar and stack ventilation. The solar collectors are used for both DHW and space heating. The 15% higher costs also account for ecological measures on waste, water treatment and improvement of the garden.

The project includes 35 apartments ands a total heated floor area of 3,500 m2. The total renovation cost were 11,600 Euro, which is about 15% higher, compared to normal renovation.

[project folder: pdf, 439kb]
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WWF dwellings
Almere, the Netherlands, 1998
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	The goal of the WWF was to stimulate green building in large-scale Dutch housing projects. Houses that approve to their list of measures a.o. low energy use and use of sustainable materials can be built with a green mortgage. 

The WWF dwellings in Almere use 45-50% less energy compared to Dutch standards. The 40 family houses have each a floor area of 128 m2, and the constructions costs are 69,000 Euro.

[project folder: pdf, 212 kb]






	[image: image137.png]Catalogue of Best Practice Examples





	[image: image138.png]




	[image: image139.png]



	[image: image140.jpg]



Irish Energy Centre
Dublin, Ireland, 1996
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	This is a modest two-storey office building (410m2 for 30 people) with exhibition and ancillary spaces. Almost 50% saving on energy use was reached by significantly higher insulation than Irish building regulations. Next to that the high thermal mass, good controlled infiltration and daylighting contributed to the 50% reduction on space heating and electricity use.

The constructions costs for this modest building were just 550,000 Euro for a total of 410 m2 office floor. 

[project folder: pdf, 330kb]






	[image: image143.png]Catalogue of Best Practice Examples





	[image: image144.png]




	[image: image145.png]



	[image: image146.jpg]



Linacre college
Oxford, UK, 1996
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	The Abraham building with 23 study rooms, extra facilities for the students and an administration wing of Linacre College won the "green building of the year award". Expected reductions were: 25% on gas use, 25% on electricity use, 36% on water consumption and 31% on CO2 emission. Energy saving measures are, a.o: high thermal mass, high insulation, heat recovery and passive stack ventilation. Extra costs are around 3.6%.



[project folder: pdf, 298 kb]
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BIG-Heimbau
Flensburg, Germany, 1998
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	After renovation of two of the three apartment towers (80 of 112 apartments) energy use is reduced 60%, by means of high insulation, solar collectors, demand-controlled ventilation and preheating of air with a solar wall. The architectural quality of the buildings and the surrounding area has improved. 

The total project includes renovation of 112 apartments. Total renovations costs are 2,700,000 Euro in which 300,000 Euro is supporting by the EU under the Thermie project SHINE.

[project folder: pdf, 203 kb]
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Allingham Street
Dublin, Ireland, 1998
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	By means of high insulation and use of passive solar energy CO2 use is reduced by 40% in 20 dwellings meant for social housing.

The project includes 14 three-storey town houses and 6 residential units. The energy performance is opted as being 20% better than building regulations.

[project folder: pdf, 206kb]
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BRE environmental building
Garston, UK,1996
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	Energy use is reduced by 50% compared to mid '90s good practice. The building shows an architectural integration of daylight-oriented building layout, innovative ceiling slab with integrated heating, air ventilation and night and groundwater cooling. 95% off the floor area has sufficient daylight during office hours. The cross and stack ventilation is controlled on seasonal demands. 96% of the old building were reused in this new 2100m2 office and seminar building.

The building contains office space for 100 staff and 800 m2 conference facilities. The total gross area is about 2040 m2. Total construction costs were 4,800,000 Euro.


[project folder: pdf, 349kb]

 HYPERLINK "http://www.egbf.org/2/m2.htm" 
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Ökosiedlung-Gärtnerhof 
Gänserndorf, Austria, 1988
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	Ökosiedlung Gärtnerhof is an important example of integration of innovative ecological and social issues in living. In the countryside area are over 25 houses, a school and an office are present. The concept is based on natural cycles. Emphasis is on reduction of drinking-water use and on-site sewage system.

In the total construction costs of 4,170,000 Euro an amount of 470,000 Euro was invested in research. The drinking water use is 52 litres per person per day, compared to 150 litres per person normally. Solar collectors cover 50-70% of warm water requirements.

[project folder: pdf, 361kb]
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Bo01,
Malmö, Sweden, -2001
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	An area with 800 dwellings and a European sustainable housing expo are driving forces towards a sustainable information and welfare society. Most striking are the almost 100% local renewable energy production and the almost 100% re-use of waste (household and sewage).



[project folder: pdf, 138kb]






	[image: image179.png]Catalogue of Best Practice Examples





	[image: image180.png]




	[image: image181.png]



	[image: image182.jpg]



Island Dwellings 
Rotterdam, the Netherlands, 2000

	[image: image183.png]



	78 luxury dwellings surrounded by water. Goal in this THERMIE-project was at least 25% reduction on energy-use on which the houses are being monitored. The demand reduction passive solar energy, good orientation, sunrooms, high insulation (U=0.3), and heat-recovery on balanced ventilation. Energy is produced in a sustainable way: a collective CHP and heat pump combined with low temperature system for space heating, individual solar collectors for DHW with backup from the space heating system.
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