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1.0



EXECUTIVE SUMMARY



1.1



The Scope of the Report This report examines the options for tall buildings in the City of London in the context of sustainable development. It does so against a background of pressure for change arising out of emerging policies of relevance to the City. The effect of tall buildings on their local environment and on their occupants is considered. An analysis of new developments in the design, construction and operation of tall buildings is followed by a discussion of “best practice” examples of new design ideas from around the world.



1.1.1



The need for tall buildings in the City The City of London, as the world’s leading international financial centre, is a key asset to the UK’s national economy and to London itself. The Corporation of London, as the local municipal authority, wants to assure the City’s continued dynamism given that its businesses require ideal conditions in which to operate. To do so, the Corporation needs to ensure that demand for office space can be met within the Square Mile. In this context, tall office buildings are becoming increasingly necessary as a result of the efficient use that they make of the limited land available.



1.2



Pressures and Opportunities for Change The Corporation is also aware that sustainable development is a key parameter for action. New tall buildings have to fit within this context. As a result, the design, construction and operation of tall buildings may need to adapt to conform with new legislation, and national, European and international regulations and agreements. Ultimately only strong policy and regulatory frameworks can assure improved sustainability standards.



1.3



High-rise Structures and the Use of Materials The primary design concern for many tall buildings is their operational efficiency rather than their environmental impact. A new balance needs to be struck between these two factors. Inefficient energy use is a particular concern. Speculative office developers have less interest in their buildings’ environmental performance than do the companies that lease their offices. Whilst energy use is currently a relatively minor financial cost, it is associated with major environmental costs. New regulations will come into force from 2002 which address this issue. Lifecycle assessment of buildings and construction materials is now gaining credence. Some 10-20 per cent of the energy used in buildings over their lifetime is in the form of embodied energy incorporated in materials and in the process of building itself. Lifecycle analysis shows that much can be done to reduce the embodied energy of buildings, particularly in tall buildings with repetitive floor plans and large areas of façade. Whilst there are advantages and disadvantages of building tall, the potential for improving the sustainable development of new high-rise buildings in the City is immense.
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1.4



Services in Tall Buildings Almost three quarters of London’s energy consumption is in buildings. The most intensive use of energy usually results from the heating or cooling of spaces. Lifts use about 10 per cent of a tall building’s energy while lighting can make up about 20 per cent. Careful services design can minimise the need for heating and cooling throughout the year. Automatic light control can make significant energy savings. Access to opening windows provides a stimulus to occupants and increases the use of daylight and natural ventilation. Fire safety engineering is an ever-more important issue in the design of tall buildings, especially in light of recent events in New York.



1.5



Towards Sustainable Construction and Operation Most of an office building’s energy consumption over its lifetime is in lighting, lifts, heating, cooling and computer usage. Buildings in the City can be made more sustainable by architecture that responds to the conditions of a site with integrated structure and building services. Effective use of passive solar heat and the thermal mass of the building, high insulation levels, natural daylighting and wind power can all help to minimise fossil energy use. Narrow rather than deep floor plates maximise daylight in tall buildings. Regulations on sustainable development will assure that such design features become mainstream. Combined Heat and Power (CHP) is a highly efficient energy system particularly suited to densely built-up areas. In the City, Citigen is supplying electricity, hot and chilled water to a growing number of customers. CHP systems can now be installed within individual office buildings. The use of solar photovoltaic (PV) panels on roofs and facades can contribute to the energy supply of tall buildings, even in cloudy London. In addition to PV, the future development of hydrogen fuel cell technology could make a major contribution to efficient low emission energy systems.



1.6



New Design Concepts for Tall Buildings Tall buildings are an inevitable building form and part of the contemporary landscape. New design ideas are becoming common currency among progressive architects and developers. “Bioclimatic skyscrapers” and well-designed tall buildings can be energy efficient and closely relate to their site. New buildings are increasingly user-friendly, offering a comfortable occupant-controlled environment all year. The creation of internal green “sky gardens” within buildings contributes to the natural environment. Europe’s tallest building, the Commerzbank building in Frankfurt, stands out. To reduce energy consumption, all offices have natural ventilation and opening windows. It succeeds in creating a pleasant and energy efficient working environment. Generous sky gardens spiral up the tower, and act as a visual and social focus for clusters of offices. In the new law courts in Los Angeles , a “sail” of PV panels on the south-facing façade will provide much of the electricity. In another proposed tower block designed by London architect, Bill Dunster, four interlocking petals meet in a space where a wind turbine is installed. Such ideas are becoming mainstream, and will ultimately transform the design of tall buildings. Some of these ideas may soon appear in the City as a more holistic approach is taken in balancing environmental and social factors with the economics of building development.
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2.0



PRESSURES AND OPPORTUNITIES FOR CHANGE All Londoners have an interest in the City thriving as a central pillar of the UK economy and as Europe’s primary financial centre. The Corporation naturally shares this view. As the municipal government, it wishes to ensure the continued growth of the City’s prosperity in the overall context of sustainable development. It also subscribes to the view that London should plan to accommodate future population and economic growth rather than have such growth dispersed beyond its boundaries. A good quality of life for Londoners partly depends on the integrity of natural environments within the capital and in the green belt. There are major pressures for change in London that need to be addressed. The Greater London Authority (GLA) believes that within 20 years up to 500,000 new homes will have to be built within London1 on, wherever possible, brownfield sites. Closely linked to this, a substantial increase in the number of commercial premises will be required, including millions of square feet of new accommodation. Given the limitations of available land, there is a growing tendency for tall buildings to be developed. This tendency has produced a spate of new proposals for tall office buildings within London. New tall buildings are being constructed at Canary Wharf, Paddington Basin and in the City (the Swiss Re Tower), with several other new projects on the drawing board, including the Heron Building, the London Bridge tower and two new towers at Elephant and Castle. Several of these are likely to go ahead soon. The Corporation supports the construction of new high-rise buildings as a way of making good use of limited and expensive land for development. It regards the construction of tall buildings as important for the City’s future: • • • •



More office accommodation is urgently needed Tall buildings are efficient in land use The City can service clusters of tall buildings due to its existing infrastructure Occupier demand for prestigious locations is growing



Tall building development, however, should be pursued within the context of emerging policies on sustainable development. Such policies are already finding form in international agreements such as Agenda 21 and in national and local government legislation (See Appendix 7.1). 2.1



The GLA’s Emerging Policies The GLA’s draft London Plan builds on Agenda 21 and the Local Government Act 2000. The Mayor looks forward to London being “an exemplary sustainable city by 2010”. He recognises the importance of increasing central London’s office space in a sustainable way which, by implication, also means constructing more tall buildings: ‘The London Plan will contribute to … ensuring that new development is located close to public transport, thereby minimising the growth of car travel, and to ensuring that new developments use sustainable design and construction techniques, and are energy efficient.’2 (See Appendix 7.2 for a brief discussion of related GLA draft energy and waste strategies).



1 2



Personal communication, Lord Roger’s office, GLA Towards The London Plan, Initial proposals for the Mayor’s Spatial Development Strategy, GLA, May 2001
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2.2



The Corporation of London’s Policies The Corporation, in line with UK and GLA policies, is keen to promote sustainable development. It has made this concept a core value to its Policy Plan and put it at the heart of its decision making because the continued health and prosperity of the City depends on well-functioning economic, social and environmental systems.3 In this context, the Corporation has developed a range of policies to improve further the condition of transportation, infrastructure services, the built environment, and the control of pollution (air, water, waste) in the City. It now seeks to assess the sustainability of the dense clustering of tall buildings in the Square Mile. The Corporation is aware that little research has been done to evaluate the sustainability of tall buildings, and it has therefore commissioned this report.



2.3



Tall Buildings and Transport Provision The clustering of buildings in densely built-up spaces is widely regarded to be very efficient in transport terms. Studies by Newman and Kenworthy illustrate that cities such as Hong Kong and Singapore, where the clustering of tall buildings is the norm, are among the world’s most transport-efficient.4



Graph of Population Density against Petrol Consumption Per Person in 32 Cities In 2000, there were 331,000 people working in the City5, and there are 10,000 parking spaces. Over 90 per cent of the City’s workforce travel to work by public transport, compared with 5 per cent who travel by car. Rail (53 per cent), is the largest single mode, followed by Underground (34 per cent). Both rail and Underground networks suffer from overcrowding. The deficiency in capacity is being addressed by individual transport operators rather than on a strategic basis. The Corporation is seeking to resolve this situation by supporting capacity improvements and better interchanges between modes of 3



www.cityoflondon.gov.uk/living_environment/sustainability/sustainable_development Newman and Kenworthy, Cities and Automobile Dependence: an International Sourcebook, Gower Technical, 1989 5 ABI 2000, published by ONS December 2001 4
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transport. It is backing key rail infrastructure projects whose need will grow as new tall buildings increase office capacity in the City.6 2.4



Buildings and Energy Use Office buildings in the City can consume 1000 kwhr/m² or more per year for heating, hot water, lighting and computers. In a world affected by global warming and uncertainty over long-term energy supplies, it is important to find ways to reduce energy consumption. For this purpose, we need to analyse all aspects of a building’s energy use to find practical ways of reducing consumption. However, energy consumption is usually only a tiny proportion of the total business costs of an office building if rent and salaries are considered, providing little incentive for owners and users of buildings to make reductions. Because of concern about climate change and also about Europe’s growing dependence on imported fuel, energy efficiency is a growing focus for European Union policy. This is reflected in the draft directive of the European Parliament on the energy efficiency of buildings which aims for energy performance certification of all buildings. “For new buildings with total surface area over 1000m², member states shall ensure that the technical, environmental and economic feasibility of installing decentralised energy supply systems based on renewable energy, CHP, district heating or … heat pumps is assessed before the building permit is granted. The result of such assessment shall be available to all stakeholders for consultation.”7



2.4.1



The Climate Change Levy In the UK, measures are starting to be implemented aimed at lessening the impact of climate change. “Climate change is a global problem requiring action on a global scale. At the Earth Summit in Rio in 1992 the developed countries agreed voluntarily to reduce their emissions of greenhouse gases to 1990 levels. At Kyoto in 1997, the developed countries agreed a legally binding commitment to reduce emissions by 5.2 per cent below 1990 levels between 2008-2012. The UK agreed to a 12.5 per cent reduction and set itself the more challenging domestic goal of a 20 per cent reduction in carbon dioxide emissions by 2010.”8 The climate change levy, introduced in the UK Finance Act 2000, is a first legislative tool to reduce energy consumption in buildings. It is chargeable for lighting, heating and power by commercial consumers. The levy, set to rise annually, is applied as a specific rate per nominal unit of energy. It has become a significant incentive to make use of energy in buildings more efficient. A new feature of the government’s climate change programme is revised, more stringent building regulations which will come into force in April 2002.9



2.4.2



Energy Use and the Ownership of Buildings Currently, most new office buildings in London are built as commercial developments. This means that the developer is not the end-user and therefore only has limited interest in creating an energy-efficient building. The reality is that even occupiers currently have limited interest in energy efficiency because typical energy costs are only a small percentage of a company’s total running



6



The Corporation of London, Interim Transport Plan for 2001/02, July 2000 Proposals for a directive of the European Parliament and of the council on the energy performance of buildings, Commission of the European Communities, Brussels, May 2001 8 www.hmce.gov.uk/notices/ccl1.htm#1%20Basic%20principles 9 www.safety.dtlr.gov.uk/bregs/brpub/ad/ad-l2/index01.htm; The Stationery Office (ISBN: 011 7536105) 7
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costs. If the reduction of energy use is an important concern for the municipal authority and national government, appropriate legislative or regulatory measures will need to be agreed to reduce future energy consumption. 2.4.3



Energy Consumption in Offices The UK’s fastest growing energy consumption area is the services sector and, within that sector, energy use is growing fastest in commercial offices. During the 1990s, annual energy use in the European services sector rose by 1.5 per cent, according to European Commission (EC) data. This was driven by an annual office usage growth rate of 5.7 per cent; in contrast, consumption in other business sectors did not increase. The UK is recording the biggest increases in Europe. Energy use in the services sector rose by 31 per cent between 1990 and 1995, and the average UK services sector company is less energy efficient than its continental counterpart. Between1980 and 1995, consumption of fuel in UK offices rose from 46 to 114 petajoules per year, an increase of nearly 250 per cent. Across Europe, 89 per cent of office energy usage goes on heating, cooling and lighting the premises Forecasters warn that energy consumption per square metre occupied is growing faster than floor space. They also say that failure to reduce energy profligacy in this sector could jeopardise environmental treaty commitments.10 In addition to new regulatory measures, a shift in attitude by occupants of buildings is needed to reduce consumption. Small changes in the use of electric lights, heating and cooling systems could significantly reduce the environmental impact without affecting productivity levels. Along with altered patterns of use, improvements in the design, construction and operation of buildings could also cut energy consumption per square metre of rentable space. The issues of constructing tall buildings, and servicing them for the comfort of occupants in a sustainable context, are examined in the following sections.



10



www.insidecom.co.uk/eibi/editorial/eibi135.html
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2.4.4



Solid Waste and Sewage Good solid waste management, based on the waste action hierarchy of reduction, reuse and recycling, is a key component of sustainable development. London is in process of developing policies for increasing levels of waste recycling, and the City has an opportunity to play a key part in contributing to this. The impact upon local sewerage is a vital part of providing a suitable plan for the development of tall buildings.



Annual Waste Tonnage from the City of London
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3.0



HIGH-RISE STRUCTURES AND USE OF MATERIALS New regulations are intended to improve the energy consumption of buildings in the UK which is high compared to other EC countries. Whilst the main target is the more efficient operation of building services, initial construction makes a significant contribution to the life-time costs and the environmental impact of a new development. The energy consumption of a large building over its 50-year life can be several times the equivalent embodied energy of all of its materials The initial cost of the mechanical and electrical equipment in a tall building, including lifts, is often more than 25 per cent of the total construction cost. Superstructure and foundations generally account for 10-20 per cent of the total, with the building envelope costing approximately the same, and internal finishes about half of that figure.11 The range of cost and quality in the construction of new buildings is wide and depends on many factors, from the intended purpose of the investment to budgetary constraints and financial viability. Overall construction costs per square meter of floor space are generally higher for prestigious tall buildings (broadly, £3000/m2) than for lowto-medium rise buildings (broadly, £2000/m2). Efficiencies in the design and construction of office towers can make a significant difference both economically and environmentally. Engineers strive to find savings in materials through efficient design, making best use of concrete and steel in floors and structural frames. The environmental impact of their decisions is not always clearly understood. New methods and software packages are being developed to clarify the burdens on land, air and water resources. Integrated design and the use of structural materials for optimum performance in controlling the internal environment of buildings can provide added benefits at no extra cost. The selection of façade materials, although governed largely by architectural concerns, can greatly influence the thermal performance of buildings. As methodologies for the life cycle assessment of cladding materials develop, awareness is growing of their environmental impact among designers and specifiers. The choice of materials for architectural finishes can now be made with improved understanding of their relative merits in sustainable terms.



3.1



Land-Take The first issue in comparing the impact of tall buildings with that of low- or medium-rise buildings is land use. Accommodating the same number of people in a tall building of 50 storeys as in a large building of 5 storeys requires roughly one tenth of the land. In the City of London, land prices are amongst the highest in the world and there are great economic advantages for developers in maximising the rentable floor space from an area of land by building high. The availability of land in the City is also a major constraint on developments. The fabric of the City has been built up over twenty centuries since pre-Roman times. The layout of the streets is highly irregular and many blocks in the centre are made up of buildings that range in age from the late 17th to the early 21st century. The ownership of properties is similarly diverse, with many old established institutions and businesses owning important premises around the central financial district. It is therefore extremely rare for a large plot of land to become available in the area. The GLA’s Strategic Development Plan will encourage the development of brownfield sites in the London boroughs. The planning strategy is based upon
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E.C. Harris presentation on energy footprints
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maintaining a compact London, accommodating more people by increasing population densities. The construction of large office buildings in the City will help implement this policy. Several of the largest corporations in London are moving towards improved operational efficiency by housing all their employees under one roof. HSBC and Citigroup, for instance, are moving to new towers in Canary Wharf, and Barclays may join them with the construction of a new 30-storey building under way. For corporations in the Square Mile who want to accommodate greater numbers of employees under one roof, the only option for development is upwards. 3.2



Building Form and Use The exterior shape and texture of large buildings make up the views that people see of the City, and form many of the impressions they take away from it. Tall buildings already punctuate London’s skyline while their services at street level add texture to the grain of the City. The effects of the built environment on the psyche of inhabitants and visitors are far-ranging and go beyond the scope of this report. Indeed, the debate about the aesthetic attributes - good or bad - of London’s buildings will continue to occupy people well into the future. It is universally agreed that the one essential ingredient for new tall buildings is good design. There will inevitably be planning problems in the development of any high-rise structure, so high quality enhancement of the cityscape must come from new projects. The social impact of a single tower on a predominantly low-to-medium rise city is great, and only the best architects should be entrusted with such responsibility. Rather than dwell on the subjective nature of architecture, this section of the report focuses upon the material make-up of the buildings. Their internal form and the materials used to construct them add significantly to their environmental impact. The effects of the design of buildings upon their occupants is another complex field touched upon here, but explored further in the subsequent section on the operation and management of buildings.



3.2.1



Design for Flexible Use The average life of buildings in the UK is 50 years, whereas the average length of occupancy is 7 years12. The majority of tall buildings in London are initially financed by commercial developers and leased to the occupiers for a number of years. As the socio-economic drivers change throughout the lifespan of a building, so the demands on the building alter. A change of occupants can lead to an internal sub-division of the building, with partitioning of floors and zoning of several floors together for a single lease-holder. Designing new buildings for flexibility of use and the potential for future change helps ensure their usefulness throughout their life. Recently, some tall buildings on the City fringes and in out-lying boroughs have undergone a change of use from commercial to residential, requiring major refurbishment of interiors and new demands on servicing the dwelling units. There are also examples of refurbishment without a change in usage. For instance, City Point, the old BP headquarters building and the second tallest building in the Square Mile, has undergone a major renovation, being re-clad in an aluminium and glass façade. Reusing the existing structure of the building to satisfy new demands is an extremely efficient use of materials. The prolonged use of thousands of tonnes of structural steel and concrete has relieved the environment of some heavy



12



The Steel Construction Institute, Steel Structures in the new Millennium, 4th International Kerensky Conference, 1997.
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burdens, such as disposal to landfill and energy used in demolition, and spread the embodied energy of the building over a longer life cycle.



Renovation of City Point Reusing a building’s structure and over-cladding allows improvements to be made to the energy efficiency of towers with use of modern controlled heating and cooling systems specially designed for the altered use of the building. The use of double-skin facades can also have major benefits in the thermal properties of buildings, as is described in section 5.0. Of course, the same principle of reusing existing structures applies to low-rise buildings, but their refurbishment rather than demolition has a proportionately lower benefit.
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3.3



Tall Building Structures Flexible types of structure are a requirement from building developers in an increasingly fluid property market, and new buildings need to be designed to be adaptable to changes throughout their lifetime.



3.3.1



Floor Plate Impact Most tall buildings in the Square Mile are used for office accommodation. Open plan offices are more common now than in the 1960s and 1970s when many of London’s tall buildings were constructed. The change in demand and the requirement for flexibility has led to an increase in span of the floor beams of offices. Whereas column grids were previously laid out with 5-8m spacings, new buildings are constructed with clear floor spans of 10-15m. To improve the efficient use of materials to accommodate increasing spans, construction methods have been adapted and new techniques developed in the last decade. There has been a general move from the concrete framed structures of the 1960s towards longer span steel beam floor systems. Advantages of the composite action between a concrete floor slab and its supporting steel beams has reduced the depth of beams and hence the weight of steel by up to 30 per cent.17 For multi-storey buildings, the resulting reduction in material used and the associated energy and emissions savings on the manufacture and transportation of the steel becomes significant. One consequence of increased spans is a greater potential susceptibility to vibrations which must be limited at the design stage. The use of metal decking fixed to steel beams acting as permanent formwork for concrete floor slabs has increased the efficiency and speed of construction and is used in most new tall buildings. The dominance of this system is the result of constructability and economy. Progressive designers are also looking at embodied energy and environmental impacts in the selection of structural systems. They have found that this type of slab construction system is not always environmentally the most beneficial, shown by the choices made in the design of Holloway Circus Tower, a new tall building for Birmingham. Environmental Impact of a Tall Building Structure Holloway Circus Tower is a proposed new development for a 44-storey, mainly residential building in Birmingham which now has planning permission. One of the integrated design team’s13 aims was to minimise the environmental burden of construction materials and to optimise the use of recycled material. A life cycle analysis of different options for the floor plate structure was made, using BRE’s Ecopoints method. A comparison of the environmental performance of concrete and steel systems found that pre-cast concrete plank floors on steel beams has the least embodied ecopoints. This structural type appears to have the necessary flexibility for future use of the building and integrates well with the building services.



13



Battle McCarthy, Strucutural Engineering, Building Services , Environmental Engineering and Landscape Architecture Planning Supplementary Report, 2000
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Embodied Eco Distribution of Building Materials



Embodied Ecopoints of Flooring Options



The choice of pre-cast planks on environmental grounds also fitted with the structural frame on the grounds of efficiency of materials. Twin concrete stair cores provide stability against wind loading, allowing for lightweight steel frame construction to support the floor loads. A double skin façade and the thermal mass of the building will also be used to control natural cooling in summer and solar heat gain in winter, thereby reducing energy consumption during operation.



Holloway Circus Tower Structural Frame 3.3.2



Structural Stability and Efficiency The design of structural frames to resist lateral and vertical loads on buildings is a complex process which takes into account a multitude of requirements. As a result, there are a number of structural systems which make a tall building stand up. Dramatic developments took place in the late 20th century as America and Asia fought it out to own the world’s tallest building. Malaysia currently holds the title with the Petronas Towers at 452m, but Taiwan is planning to go even taller, with the 508m Taipei Financial Centre, and Japan has developed technology to reach twice as high. There are, no doubt, economic reasons for developing such mega-towers but it appears that in the race to be the tallest, the iconic status in symbolising power is weighted more highly than social or environmental factors. London, by comparison, has more modest ambitions as befits an ancient city with a rich architectural heritage. In 1991, Canary Wharf’s 242m, 50-storey Canada Tower topped the 183m, 42-storey Tower 42 in the City which had held the crown since 1979.
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Design methods for tall buildings have been developed to cope with earthquakes in places such as California and typhoons in cities such as Hong Kong. The main issue for stability in London, however, is wind. The effects of lateral loading on the building frame are dramatically magnified for towers over about 60 storeys, as their slenderness increases. Fazlur Kahn’s14 systematic approach to structural frame efficiency is still relevant to towers of London’s scale. The efficiency of the building frame has the greatest influence on the embodied energy of a tall building. In the US, the early development of steel led to its use as the favoured material for high-rise structures. In broad terms, steel-framed buildings with a rigid frame can be economical for medium rise buildings up to 20 storeys; a vertical steel shear truss at the central core of the building can be economical for buildings up to 40 storeys; and a combination of central vertical shear trusses with horizontal outrigger trusses is most suited for up to 60 storeys, this being the most common form of tall building structure in the US. For even taller buildings, it becomes essential to transfer all gravity loads to the exterior frame to avoid overturning effects. Rigid framed tubes, braced tubes and bundled tube structures have been developed to reach up to over 100 storeys in buildings such as the Hancock and Sears towers in Chicago.



14



J.H. Inyengar, Tall Building Systems for the Next Century, 4th International Kerensky Conference, 1997
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Outside the US, steel is not so readily available and construction practice favours concrete. Rigid concrete frame systems can be economical up to 20 storeys; concrete walls forming the central core can be economical up to 40 storeys; and concrete-framed tubes can be economical up to 60 storeys, with tube-in-tube structures and modular tubes used for very tall buildings. Recent developments in the reliable production of high-strength concrete has increased the potential for mega-frames with external mega-columns, and lightweight concrete floor slabs allow for a reduction in the gravity loads in ultratall buildings. A combination of concrete and steel structures is often the most efficient form, utilising the best characteristics of each material. Research into the performance of concrete-filled steel tubs has enabled their use at main supporting columns in some mega-structures in China. In the UK, the most common form of structure in buildings up to 50 storeys is a reinforced concrete shear core used to stabilise the building against wind, with composite concrete floor slabs on a steel frame used to carry the building’s gravity loads to the foundations.
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There are many ways to construct tall buildings and in practice it is the desired use of a buildings which predominantly determines its design. The exterior shape and the materials of the façade have the greatest impact on the outside public, whilst the arrangement of spaces inside determines the efficiency of a building’s use by its occupants. The choice of materials for the structural frame is determined primarily to satisfy those requirements, with comparisons made of the most economical form that will do the job. In the commercial sector, this general principle applies equally to low-to-medium rise buildings as to tall buildings. In low-rise structures alternative options are available for building materials. Brick, stone and even timber are applicable for use in the primary structure of buildings, but these are mainly confined to the residential sector. While the embodied energy of these materials is lower than concrete, steel or glass, these three are mainly used in tall office buildings for their versatility and constructability. There is no doubt that the analysis of embodied energy of materials and of the effects of construction on the natural environment will assume an increasingly vital role in building development. The environmental impact of materials must now be taken into account at the beginning of the design process. 3.3.3



Foundations in the City The form of foundations for different building types is mainly governed by reasonable cost and practicality in distributing the building loads to the underlying ground strata. In general terms, vertical loads in low-rise structures are of low intensity and evenly distributed over the building footprint allowing the use of reinforced concrete raft foundations. In medium-rise buildings, loads are intensified at column locations and small diameter piles are frequently used to found
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structures in London’s predominantly gravel and clay sub-soils. Where there are major underground utilities or tunnels, raft solutions are also applicable. For tall buildings, the internal forces are concentrated in heavily-loaded columns and structural cores requiring large diameter piles of longer length, extending into the Thanet sand layers or even founded in the under-lying chalk. In terms of sustainable construction, impacts from foundations include: • volume of materials • energy consumption • waste generation • noise and vibration • effects on existing buildings • effects on underground services • pollution to groundwater • archaeological impact Despite economic considerations, driven piles are ruled out as an option in London because of noise, vibration and detrimental effects on neighbouring properties. For medium-rise buildings, bored piles may be of the Continuous Flight Auger (CFA) type. For tall buildings, large diameter conventional bored piles are required for deeper foundations. The construction of basements in the City often has a determining effect on the severity of foundation impacts. The size and depth of basements clearly depend on the requirements of the client. In general terms, a broad shallow basement may have a greater overall impact than a deep basement with a smaller footprint typical of a tall building. Comparison of Impacts on Tall and Low-rise Building Foundations Piled Foundations



Raft Foundations



Smaller volume of excavated material



Larger volumes of concrete/m2



floor space Efficient deep end-bearing piles Additional fuel for piling rigs



Additional consumption for temporary works



Higher noise and vibration levels



Less separation from site boundary



Adverse effects of piling below Existing foundations



Additional loading on nearby existing foundations



Services must be re-routed



Services may be covered over



Smaller area of archaeological impact



Prolonged archaeological digs
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In the City, the reuse of existing piles is a possibility where sites are tightly confined. There are legal and practical difficulties associated with the reuse of foundations, and for new tall buildings additional piling is usually necessary. In Europe, deep piles have been constructed with a system of pipes used to cool water which is then circulated around the building. This system can be used to reduce the cooling load of tall buildings. 3.4



Embodied Energy of Materials and Environmental Impact of Buildings Buildings are the main destination for the nation’s power supplies and hence the main source of carbon dioxide emissions. 40-50 per cent of the UK’s annual energy consumption is in buildings and in London, the figure is as high as 72 per cent. By comparison, 5-6 per cent of national energy use goes to generate building materials. Though difficult to evaluate, it is estimated that around 0.5 per cent of the UK’s energy consumption is used in construction15. Global consumption analyses place greater emphasis on materials which consume 2025 per cent of the world’s energy budget 16 It can be seen that the servicing and operation of existing buildings - lighting, heating, electrical equipment - uses almost ten times as much energy annually as the production and assembly of new buildings. However, in a typical office building ,the embodied energy accounts for 10-20 per cent of the total energy consumption over an average 50-year life. Emissions of CO2 and other “greenhouse gases” result from the burning of fossil fuels, the primary source of almost all UK energy, whether used in powering buildings or manufacturing cement. Methodologies for calculating the embodied energy have been developed in recent years. In the UK, the Building Research Establishment (BRE) defines embodied energy as “the total primary energy that has to be sequestered from a stock within the earth in order to produce, transport, maintain and dispose of materials within a specified product, component, element or building”. Embodied Energy Buildings not only use energy, it takes energy to make them. This is “embodied” energy, which is all the energy required to extract, manufacture and transport a building’s materials as well as that required to assemble and “finish” it. As buildings become increasingly energy-efficient, so the energy required to create them becomes proportionately more significant in relation to that required to run them. This is particularly true because some modern materials, such as aluminium, consume vast amounts of energy in their manufacture. The most common building material with least embodied energy is wood. Timber is regarded as the greenest building material. However, deforestation of the planet is also one of the gravest environmental issues and only wood used from sustainably-managed forests is truly green. Brick is the material with the next lowest amount of embodied energy, followed by concrete, plastic, glass, steel and aluminium. A building with a high proportion of aluminium components can hardly be green when considered from the perspective of total lifecycle costing, no matter how energy-efficient it may be. From the perspective of embodied energy every building, no matter what its condition, has a large amount of energy locked into it. This is another



15



BRE Methodology for Environmental Profiles of Construction Materials, Components and Buildings, 1999 16 R.N. Swamy. Holistic Design – Key to Sustainability in Concrete Construction, Proceedings of the Institution of Civil Engineers, 2001
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factor in favour of conserving and restoring old buildings, and for designing long-life, adaptable buildings that easily accommodate change. Also, because the energy used in transporting its materials becomes part of a building’s embodied energy, this is an incentive to use local materials. Energy and emissions are not the only recognised sustainability indicators by which to assess the environmental impact of buildings. The construction and use of buildings deplete natural resources, and have physical effects in the form of mineral extraction, the use and pollution of water and of air, disposal to landfill sites, and incineration. The manufacture of materials has an impact on ecology and bio-diversity, and causes deforestation, ozone depletion and climate change. These environmental indicators reflect some of the effects of the spread of industrialisation and the built environment across the planet. Whilst people attach varying values to the critical issues of sustainable development, not all are quantifiable or directly comparable. The energy input into making a tonne of cement or steel is, however, measurable. Comparing materials by weight is not necessarily helpful since the use of a material depends on a range of characteristics from strength and durability to appearance and cost. A tonne of steel has a greater load-carrying capacity than a tonne of concrete. A tonne of carbon fibre can be stronger than both but will not last as long. The embodied energy of materials is, though, a useful indicator for determining the total energy used to construct a building. Using analytical methods, tall buildings can be compared with low-rise buildings to evaluate their relative impacts.



Embodied Energy of Construction Materials in the USA 3.4.1



Environmental Profile of Materials Methodologies for the life cycle assessment of the impacts of materials are being developed around the world. In the UK, the BRE19 UK has established over the past five years a methodology to assess the environmental effects of building materials over their entire life cycle, from extraction and processing, through construction and use, to their eventual demolition and disposal.
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BRE Methodology: Environmental Impacts Climate change Pollution to water: Ecotoxity Acid deposition Pollution to water: Eutrophication Ozone depletion Minerals extraction Pollution to air: Human toxicity Water extraction Pollution to air: Low level ozone Waste disposal depletion Transport pollution and congestion: Fossil fuel depletion and extraction Freight Pollution to water: Human toxicity A database of the profiles of materials is commercially available. It is constantly updated, and can assist clients, their designers and specifiers in making informed decision when selecting materials for construction projects. 3.4.2



Construction Industry Research and Implementation With increasing importance attached to the detrimental effects of construction throughout the world, the construction industry and its associates are taking initiatives to clean up their acts. Organisations such as the British Cement Association and the Steel Construction Institute are researching new ways of using their materials and improving their performance in use. Steel Steel is used as the primary structure in 70 per cent of multi-storey buildings in the UK17. Energy consumption inproduction has reduced by 30 per cent over the past 30 years. * 1 tonne of hot-rolled steel produced from iron ore requires 31000 MJ energy. * 1 tonne of steel from recycled scrap requires 11000 MJ energy (SCI). It is estimated that 45 per cent of steel produced in the 1960s and 1970s has now been recycled. The market and infrastructure for handling recycled steel is well-established. A survey of the UK’s demolition contractors in 2000 found the following rates for hot-rolled sections arising from demolition sites: Recycled 86 per cent Reused 13 per cent Land-filled 1 per cent All grades of steel can be recycled any number of times. Economy of use in tall buildings can reduce embodied energy. Light-weight forms can be integrated with building services:



Castellated Beam
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Lattice Girder



Notched Girder



The Construction Industry Research and information Association (CIRIA), which reviews the environmental aspects of construction, acknowledges that there are difficulties in comparing assessments of different products. Increased awareness of the issues is needed throughout the industry to give impetus to improvements and potential savings in practice. The Building Research Establishment Environmental Appraisal Method (BREEAM) is an environmental audit for buildings in the UK. While the assessment includes CO2 emissions as an environmental indicator of energy use, the method is all-encompassing and energy constitutes only a portion of the total. Such audits raise the awareness of owners, developers and potential tenants of the environmental issues of particular buildings. Certification is increasingly becoming a marketing tool for major property owners. Occupiers of large buildings who have environmental policies may choose to move into buildings with a very good or better rating. The motto ”Better buildings: better business” makes sense to some key players in the property market. However, the scheme is voluntary and is estimated to apply to only around 25 per cent of new office development. Labelling schemes for materials covering sources of constituents, embodied energy, environmental management practices in production, emissions and other impacts will become critical in the selection of products in future.
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Concrete Concrete provides the world’s infrastructure - a fundamental factor in stabilising economic growth and improving standards of living. Concrete accounts for 5-7% of the world’s CO2 emissions20. 1 tonne of cement: • uses 4000-7500 MJ energy • releases 1-1.2 tonnes CO2 Cement replacement materials can make concrete more sustainable: Pulverised fuel ash (PFA) requires 150-400 MJ/tonne Ground blast-furnace slag requires 700-1000MJ/tonne These by-products of other industrial processes when included in the concrete mix enhance durability by controlling bleeding of water and heat of hydration in wet concrete. Use in tall buildings: Elastic shortening of columns and foundations can be reduced by using high volumes of PFA in high strength concrete. Lessen loads by the use of PFA with lightweight aggregates in floors.



Clear guidelines on best practice in sustainable construction are needed which view building construction in a holistic way. Much research focuses on particular aspects as a result of funding by establishments with a vested interest in promoting their own product. Claims about the eco-friendliness of commercial products are often confusing and may not present the whole-life picture in a cradle-to-grave assessment. Procurement methods in common use do not ensure that the intentions of designs are followed through to the implementation stage. Specifications are routinely undermined by alternative materials being substituted for those intended by less environmentally-friendly products. Performance specifications for building materials should define criteria for their environmental performance, as well as durability, strength and quality standards. For sustainable development to become common practice, legislation is needed to ensure further measures are taken to safeguard the environment. While best practice and guidelines are helpful in raising awareness of opportunities for improvements, the bottom line is the dominant factor in procuring buildings. Property development is a market-driven business, and tall buildings are financial instruments to most developers and clients. 3.5



Construction of Tall Buildings Compared to Other Forms In the last decade, the word “sustainability” has come to represent a group of ideas about the balance of economic, social and environmental issues in the way people live. The built environment of London has grown organically over
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centuries. Most of the building stock in the City, whether low-, medium- or highrise, has been around much longer than the word has, and the City’s development could not be called sustainable by the current definition. Regulations are coming into force to improve the energy efficiency of existing buildings, but sustainable development really refers to the long-term future where the potential for improvement is huge. In that future, tall buildings will present some of the best opportunities for implementing sustainable construction practices. The costs of a tall building are in the £100s of millions. The table below lists some reasons why the relative costs of introducing sustainable features in the design of tall buildings are lower than for small buildings. Advantages of tall building construction •



Economies of scale



•



Standardisation



•



Selection of Materials



•



Land use



•



Depth of plan



•



Horizontal access



Refinements of design eg. repetitive floor plans can offer major savings in materials Procurement of large quantities can lead to more efficient production and cheaper unit costs Choosing environmentally friendly materials in facades can reduct impact Tall buildings may occupy part of a plot allowing more public space at ground level. Retail developments are becoming more viable at street level Greater potential for mixed use Narrower floor area per m2 allows better use of daylight and thermal mass Efficient access per floor from the centre outwards. Services routing from core outwards



The greatest opportunities for savings are in the provision and operation of building services which are covered in section 4.0.
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Disadvantages of Tall Building Construction • • • •



Safety Surface area Floor area efficiency Heavier structural frame



• •



Vertical access Wind effects



•



Shading



Working at height in construction. Greater area of façade per m2 floor area Lower net:gross floor area ratio Lower columns must support floors above. Deeper foundations Greater provision of lifts and stairs Wind funnelling at ground level must be designed out Greater wind speed at height Shadows on other buildings - rights to light



While there may be few examples of sustainable buildings in the City, recent designs have moved towards making the most of the natural resources available and turning them to advantage internally. Buildings of the 21st century appear to be more sustainable than in the past. Several tall buildings currently at planning and design stages are evolving around the concept of sustainability. Some best practice examples are given in section 6.0



Citigroup Headquarters under Construction showing Concrete Core and Steel Frame
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4.0



SERVICES IN TALL BUILDINGS



4.1



Building Services and Design Issues Sufficient capacity in the public utilities services of power (electricity, oil and gas), water and sewerage is a pre-requisite for sustainable development of tall buildings, where resource input and waste output are extremely high and concentrated. Building services have to provide a comfortable working environment in the building for several thousand people. Certain aspects of the design of services in tall buildings impact upon sustainability different to low-rise buildings. There is an additional burden on consumption from the need for lifts in towers; delivery of water at height has implications on pumping provision; and systems must handle the removal of large concentrations of waste. On the other hand, tall office buildings can have advantages over lower developments in areas such as lighting, the need for heating or cooling, and the efficiencies that can be garnered from servicing a tall, thin space.



4.2



Energy Use in Buildings in London Activity Breakdown: Buildings Transport Industrial processes



London Energy Use, 1999 % of TWh Energy 110,44 72% 32,67 21% 11,10 7%



MT_CO2 29,97 8,55 2,94



% of CO2 72% 21% 7%



Total



154,20



100%



41



100%



Buildings breakdown: Domestic Commercial



66,97 43,47



61% 39%



18,05 11,92



60% 40%



Buildings Total



110,44



72%



30



72%



As already indicated in section 2, buildings in London consume 72 per cent of the city’s total energy supplies. Tall office buildings with computers and, sometimes, several screens per desk can consume in excess of 1000 kWhr/m². Whilst concern for future energy supplies exercises the minds of many specialists around the world, the main current argument for reducing the energy consumption in buildings is climate change (see also 2.7).
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4.2.1



Electricity Consumption in Offices The electrical load for a prestige high-rise air conditioned office building could typically be as follows: Energy Use Heating and Hot Water Cooling Humidification Fans, Pumps and Controls Lighting Office Equipment Computer Rooms (where appropriate) Catering Other Electrical



Electrical Load, KWh/m2 201 41 23 67 60 32 105 24 15



Typical Annual Energy Consumption for an Air-Conditioned Office 17 The figures for energy use per square metre of office represent base loads, and the owner or landlord may add spare capacity to the tenant loads. Where a building houses dealing or computer floors, the tenant load proportion will be higher than shown. Standby Generators A life-safety generator is provided by the landlord and handles all fire systems including fire pumps, firemen’s lifts, smoke control systems, emergency lighting and other essential items. The landlord’s standby generator deals with non-life safety components such as dedicated chillers, lifts, and fresh air plant in the event of power failure. Tenants’ standby generators normally deal with the tenants’ essential loads such as dealing floors and computer rooms. 4.2.2



Telecommunications A complete telecommunications raceway system is normally provided for a high rise building in accordance with the Code of Practice for Access Facilities of Buildings for the Provision of Telecommunications and Broadcasting Services. Services enter the building at two or more locations to provide diverse routing. From the service entrance position, the cabling is routed to secure Telecommunications and Broadcasting Equipment (TBE) Rooms provided with power, cooling or mechanical ventilation and fire protection. Services are routed from the TBE Room up the building to several secondary telecommunication and broadcasting equipment rooms vertically stacked up the building say at twenty or thirty floor intervals to extend the provision of diverse routing to the horizontal cable distribution system. One of the key issues is security and access to the data ways by unauthorised persons. Experience shows that telecommunication provisions are underdesigned at concept stage in terms of capacity and segregation.



17



Energy Efficiency Best Practice Energy Consumption Guide
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4.3



The Use of Air Conditioning The issue of cooling in new offices in London depends on how the building is used and the desirability of control over the internal environment as much as the climatic conditions of the location. The avoidance of energy-intensive air conditioning is a growing concern for environmentally-conscious designers. The Chartered Institute of Building Services Engineer (CIBSE) has a policy of encouraging low-energy design solutions for cooling systems wherever possible. In situations where natural ventilation is not feasible and where energy input is required to maintain the required ambient conditions, energyefficient systems should be installed. As the cost of fuel rises over the life of a new building and the pressures for greater energy efficiency take effect, cost-effective energy saving methods will be widely adopted. An integrated approach to the provision of building services includes features such as high performance cladding systems, free cooling, night pre-cooling of the structure, use of natural heat rejection to river water or borehole cooling, variable volume chilled water systems including direct drive variable pumping, variable volume air systems using direct drive variable speed motors. Combined heat and power (CHP) offers energy advantages (see section 5.0) from which waste heat can drive refrigeration machines. Circulation of chilled water within tall buildings is an effective means of heat transfer, as used in the Lloyds Register of Shipping building in Fenchurch Street. The energy required to circulate water in closed systems is equivalent for high- or low-rise developments. Limitations on high-rise applications are only the pressures imposed within the pipe work due to height of the building which can be overcome by the use of intermediate plants or plate heat exchangers. Chilled ceilings can be combined with passive cooling systems to optimise energy consumption at certain times of year, as in the Commerzbank Headquarters building (see section 6.0). There are often benefits in large buildings with thousands of occupants with diverse cooling requirements in balancing loads throughout. To deal with high density loads, for example for dealing floors or computing rooms, it is common to provide supplementary cooling risers from the main cooling plant or from the tenant’s dedicated plant. Base small power loads can be in the order of 30–75 W/m² with supplementary loads increasing to 400 W/m² and even to 1,000 W/m² for large computer racks. These high loads are generally concentrated and are normally mission-critical, and can be efficiently handled by standby environmental plant. The systems may be backed up by Uninterruptible Power Supplies (UPS) and standby generators. The flexibility offered by high-rise developments in balancing the high and low loads is more difficult to achieve in smaller low-rise buildings. Lloyds Register of Shipping Building In 1995 the Richard Rogers Partnership won the competition for the Lloyd’s Register of Shipping, a 15-storey 250,000 sq. ft. building in Fenchurch Street. The owner-occupier client wanted a leading edge energy efficient building for 1,500 people. The initial proposal was for a mixed mode airconditioning system, offering the combination of opening windows and mechanical ventilation, but it became apparent that the original concept was unviable for two main reasons. Firstly, the occupants should not be exposed to the poor external air quality in the area and, secondly, they should not be exposed to ambient traffic noise from open windows. The air-conditioning system chosen for the building combines chilled beams and displacement ventilation supplying low velocity air near floor level. The contaminated warm air is exhausted via driven fan ducts.
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The slender floor plate of the upper storeys assures maximum access to daylight. Artificial lighting is supplied as supplementary to day-lighting, but due to the emphasis on natural lighting and the use of sophisticated lighting control systems, the building requires 35 per cent less electric lighting than the average London office building. A major aspect of the building’s design is a strong emphasis on the avoidance of the so-called sick building syndrome. Synthetic materials with potential toxic pollutant emissions have been eliminated and high-quality natural materials adopted within the design to assure healthy conditions The Lloyd’s Register of Shipping achieves 31 points out of a maximum BREEAM rating of 36.



The Lloyd’s Register of Shipping Building



4.4



Integrated Lighting and Cooling Strategy



Heating Loads in Offices In general, heating is often not needed in tall office buildings in London, where there is a computer on every desk with high levels of electric lighting. By careful design, heating can be omitted with apart from a minimal background provision for cold start-up (pre-heating). CIBSE’s guide “Energy Efficiency in Buildings” encourages the use of passive heating methods and the use of CHP systems which can contribute to space heating, domestic hot water and cooling requirements as well as electricity supply. For high-rise developments, the need to reduce energy should drive the use of high performance building envelopes and hence reduce perimeter heating to a level that can be offset by passive solar heating and internal gains. Revisions to Part L of the Building Regulations will ensure improved air tightness to walls and facades and eliminate losses through thermal bridging. Capital expenditure on insulated cladding is often cost-effective over the life of a building, with added benefits of lower energy consumption and emissions.
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4.5



Electric Lighting and Daylight In buildings, lighting can account for 10-25 per cent of the overall electrical load depending upon the small power requirements and the amount of heat load going from lighting back into cooling load. The inclusion of energy-efficient lighting is crucial particularly in tall buildings where optimised solutions can make a substantial saving on impacts. Lights in tall buildings have a relatively low embedded energy cost and therefore any energy savings are real. Energy-efficient lamp technologies and lighting control systems can be integrated with daylight to provide reductions in overall consumption. The best advantage can be gained from automatic control of electric lighting as a function of ambient daylight levels. Daylight level sampling equipment can be placed at roof level, while internal space sensors can allow control of electric lighting. The revisions to Part L of the Building Regulations embrace the maximising of daylight, together with the use of efficient lamp and luminaire packages. The new requirements of Part L set minimum efficiency standards for the optical control of luminaires in addition to requiring a certain utilisation of efficient sources. Where Display Screen Equipment (DSE) is to be employed, the visual environment must meet the requirements of the European Directives for use and ergonomics. Current lighting design standards require 300-500 lux on the working plane. Buildings in the UK tend to provide higher lighting levels than in France and Germany. The new standards place emphasis on the management and control of brightness within office spaces. This results in a need to deliver specific amounts of light on to ceiling and wall surfaces, leading to greater use of indirect and direct/indirect luminaires suspended from ceilings. Higher ceilings perform better than lower ceilings in this regard. While the use of indirect lighting may not be as efficient as direct lighting, visual integration with daylight and visual comfort conditions are vastly improved. Direct lighting can also cause patches of harsh brightness or undesirable sharp light contrasts. Fluorescent lamp technologies, together with high-frequency control gear, allow greater efficiency by providing increased lumen output for the same power input. Load densities for lighting installations employing T16 type sources, for example, are approximately 10W/m². Such technological development of lamps will increase efficiencies still further in the future. Lighting design for office spaces seeks always to find a balance between energy use and efficiency and the visual requirements of occupants. Issues for luminaires in tall buildings: • • • •



4.5.1



Integration with daylight Building identification on flight paths External lighting and the building’s visual appearance Minimising external Light Spill and Light Pollution



Diffuse Daylight There is a fine balance between maximising glazing in the façade of a building to harness daylight and minimising the heat transmittance properties which influence thermal comfort conditions and heating/cooling loads. Diffuse daylight, for example from atria, can provide a pleasant, low-contrast visual environment
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with the benefit of zero operating costs. For tall buildings, thermal conditions and the acoustic impact of wind noise and turbulence are further design issues. 4.5.2



Direct Sunlight Along with the need to maximise the penetration of buildings by diffuse daylight, at certain times it is also necessary to minimise penetration of direct sunlight when disturbing the visual and thermal environments. In tall buildings, glare can be a critical factor. Unobstructed views of the skyline and the low altitude of the sun in winter can cause problems. The heating effect of lower-intensity winter sun can, however, be maximised to reduce energy costs if glare is managed appropriately. There is a balance between excluding direct sunlight’s solar gain and allowing enough daylight into the heart of the building. Shallow plan tall buildings are preferred to deeper low buildings for providing day-lighting to more of the office space. As a result of the need to manage sunlight appropriately, new window systems have been developed that include both light maximising and minimising elements. External solar shading can be added to lower sections of a window, while higher sections may reflect sunlight and daylight on to the ceiling plane. A variety of glass type and applicative films is also available to enhance the performance of lighting in the work space.



4.6



Fire Safety Engineering Fire safety engineering is a relatively new discipline which has developed in recent years essentially to meet fire control solutions for buildings that fall outside of the current codes such as large and complex buildings. Regardless of height, building design falls within guidance of the Building Regulations of England and Wales Approved Document B(1). Currently, there are no differences in requirements for buildings above 30m high, though buildings below that height have less stringent regulations. The suitability of current regulations for very tall buildings is under review by leading construction industry institutions as a result of the World Trade Centre collapse, and findings should be available shortly. In practice, individual tall buildings are analysed in relation to their own design to develop a rationale for fire engineering. This is discussed with the Fire Authorities, District Surveyors and approving bodies. The onus is on the fire engineer to demonstrate that the proposed fire solutions meet or better the requirements of the intent of the regulations. The areas of prime consideration are as follows. • • • • • • • • • • •



The adequacy of means to prevent fire Early fire warning by an automatic detection and warning system The standard of means of escape Provision of smoke control Control of the rate of growth of a fire The adequacy of the structure to resist the effects of a fire The degree of fire containment Fire separation between buildings or parts of buildings The standard of active measures for fire extinguishment or control Facilities to assist the fire service Availability of powers to require staff training in fire safety and fire routines such as registration or licensing procedures. More specifically in London, the London District Surveyors Association (LDSA) have additional guidelines to cover buildings within the city namely:
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Guide No. 1 – Fire Safety in Section 20 Buildings Guide No. 2 – Fire Safety in Atrium Buildings Guide No. 3 – Phase Evacuation from Office Buildings In addition to satisfying the requirements of the authorities it has grown increasingly onerous to obtain approval of the design from insurers. Tall buildings have two key issues when compared with other configurations: • •



Greater vertical distances for escape Increased fire fighting difficulties



The various ways of managing these issues in preparing the fire strategies of a new building are briefly described below. •



Permanent Fire Brigade in the Building Although not mandatory in the UK, other European countries such as France have developed additional security measures against fire fighting by locating crews permanently within the building.



•



Phased Evacuation Protected escape routes from tall buildings must be managed effectively. To avoid excessively wide escape stairs needed to evacuate several thousand people at the same time, phased evacuation is common. In this, the services within the building are shut down on the floor where an alarm is raised together with one or two floors above and one floor below, and these floors are evacuated first. Fire protection of the building structure is related to evacuation times by a risk assessment approach - the longer the time for total evacuation of a building, the greater the provision for fire protection.



•



Fire Fighting Shafts and Lifts For tall buildings, protected access within the building for fire fighting can be provided by the design of fire fighting shafts. Fire fighting lifts are currently used for heights greater than 18m. The possibility for the use of fire-rated lifts for evacuation of tall buildings is under consideration, in light of questions raised after the fires following the attacks on the World Trade Centre. Developments in the technology of computerised control of lifts in emergency mode may lead to quicker safer escape routes.



•



Smoke Control Staircase pressurisation and smoke control systems are provided in firerated air shafts. Smoke dampers activated by the Fire Alarm System are used in air conditioning and ventilation ducts.



•



Sprinkler Protection and Gas Flooding Systems Sprinkler protection is provided throughout the building as an automatic means of fire fighting and controlling a fire during its initial growth. Gas flooding systems may be considered in specialist areas such as computer data rooms where sprinkler systems are undesirable.



For tall buildings to be sustainable, occupants must feel confident that the fire fighting equipment and procedures are absolutely reliable. Whilst there are cost and environmental implications, these are secondary to the need to protect the lives of occupants. Without a proven ability to deal with fire and manage evacuations safely, any building is unmarketable. 34



4.7



Vertical Transportation in Tall Buildings Vertical Transportation is one of the most important aspects of tall building services affecting the efficiency of people’s movements and contributing to overall energy consumption. Electric traction lifts can range in speed from 0.610.0 metres per second. At very high speeds, human comfort becomes the limiting factor. Lifts with capacities of up to 1950 kg or 26 persons are often used for tall office buildings, offering high speed and capacity at the same time. Vertical transportation generally accounts for about 5-10 per cent of the building energy consumption depending upon the type of lifts and other electrical loads in the building. The proportion is less in high electrical load demand buildings such as those used for dealing floors. Manufacturers have recently developed lifting solutions that maximise efficiency and minimise energy usage for high-rise buildings. Different configurations can benefit improved core design and efficiency of the net-to-gross floor area ratio, crucial in the economic considerations of tall buildings. As an example, the double-decker lifts in the Petronas Towers in Kuala Lumpur use half the core space of single-decker lifts. The use of double bank lifts, although common in the USA and to a lesser extent in Asia, is uncommon in the UK.
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External Lift and Stair Cores for the Lloyd’s Register of Shipping Building Variable speed gearless lifts generally use less energy than fixed speed or geared machines. Smoothing the acceleration and deceleration of the lift car for passenger comfort also reduces energy. Variable speed gearless lifts have a high power factor and produce less waste heat. Energy is used to raise cars, but their descent is assisted by gravity and this energy can be recovered in electrical power. The recovery can be approximately 30 per cent and the generated electricity used elsewhere in the building. In high-rise buildings, the use of variable speed gearless lifts with intelligent programming and energy recovery can reduce their energy consumption by as much as 50 per cent. In general, an owner-occupied building will have a greater lifting requirement than a multi-tenant building due to greater inter-floor traffic. Buildings with large inter-floor traffic patterns are complex to analyse. There are basic guidelines as to what is perceived to be acceptable in terms of waiting intervals and lift handling capacity. Experience shows that for offices waiting times of up to 25 seconds are acceptable. People show signs of initial agitation after waiting for a lift for 16–18 seconds. Most analyses assume that cars are loaded to 80 per cent. If cars are loaded to more than 80 per cent, waiting time increases substantially. Handling capacity relates to the maximum number of passengers that a lift system can move within a five minute period. In practice, lift provision is not always optimised and is governed by economic reasons dependent on a building owner’s perception of the prestige of the property. Lifting requirements are considerably greater for tall buildings than for medium/low-rise structures. However, most office buildings of all heights have a number of lifts depending on the floor plate dimensions and the horizontal distance that occupants are prepared to walk.
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4.8



Water and Waste Water The average demand in London over the last eight years has been 2,165 million litres per day. The operational treatment capacity for London is around 2,500 million litres per day. Across the Thames Water region, around 75 per cent of supplies come from surface water sources, mainly the River Thames and the River Lee. The remaining 25 per cent is from boreholes or ground water sources. However, though this has filtered through the ground over many years and often requires little treatment, contamination can be a problem in some areas. Thames Water considers there will be no problem in supplying the needs of an increased concentration of development within Central London, even if demand grows by one per cent per year. More boreholes are being drilled and old ones reopened to tackle the problem of rising groundwater beneath the area, and also to supply borehole cooling and flushing water to some large buildings. The greater the water use, the greater the need for water treatment. Thames Water processes around 1 million tonnes of wastewater per day in London and the surrounding Thames Water area. This is converted into 6,000 tonnes of wet sewage sludge per day. The main Sewage Treatment Plants are at Beckton in the east and Crossness at Bexley in the south east, the latter being the site of an 1860s Victorian pumping station. London’s sewage sludge used to be dumped in the North Sea, but since January 1999, due to new EU regulations, Beckton and Crossness have incinerated their sludge, producing small amounts of electricity for use by TWA and to be fed into the grid. In London office buildings, it will be increasingly advantageous to devise systems that minimise water consumption and waste water discharge through new approaches in services design. These new options are discussed in section 6.
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5.0



CONSTRUCTION AND OPERATION OF TALL BUILDINGS



5.1



Towards Sustainable Construction of Tall Buildings Increasingly, architects and engineers are designing buildings that respond to and take advantage of ambient conditions in a given location. Natural elements being harnessed to improve the sustainability of new buildings • • • • • • •



Free heating Free cooling Day-lighting Borehole cooling Rainwater collection Solar power Wind power



Though traditionally separate fields in the building industry, the integration of structure and services has clear advantages in improving the working efficiency of buildings. The architectural arrangement of buildings in response to climatic conditions of sun and shade, wind and rain is an ancient art. The synthesis of all three into a single design intent is now at the cutting edge of sustainable building development. As well as generating a return on capital expenditure, the need for new buildings to enhance their environment, to be aesthetically pleasing to the eye, and to be effective and comfortable to occupants are the primary concerns of designers. But these main aims need not be compromised in seeking to develop and construct in a sustainable way. A successful balance between economic, social and environmental effects can be achieved by an overall approach to building design. Beginning with a commitment to sustainable development, client, architect services and structural engineers create the conceptual design, which is implemented in construction, and followed through in the operation and maintenance of a building. The end-users of offices, including a day-time working population of 330,000 people in the City, regularly complain about the neglect of their needs and desires being incorporated into buildings at the design stage. In practice, economic tend to outweigh social and environmental factors in commercial developments. However, pressure to redress the balance is increasing and future developments will be more sustainable. 5.1.1



Orientation on Plan: Daylight and Passive Solar Gain Tall buildings are less constrained than low-rise buildings by the shape of land plots or the layout of streets. More of the street level area can be given to public amenities and recreational space. Maximum advantage can be taken of daylight by shaping the plan arrangement of a building to suit the activities within. The fabric of the façade and the area given to windows, their height and width, are of ultimate concern in gathering light. The materials of the façade also determine the thermal insulation U-values of the exterior walls. The orientation of the building in relation to the seasonal paths of the sun across the sky has a significant impact on the thermal and visual performance as previously discussed.
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While an individual tall building can be ideally suited to capturing the heat and light energy of the sun, a second or a third tower constructed in its shadow would be adversely affected. For example, the dark shadows cast across the HSBC building and Canada Tower in the morning by the new Citygroup building in Canary Wharf may affect their running costs and day-lighting levels. As clusters of tall buildings are contemplated for the Square Mile, modelling and solar analysis of these clusters can optimise the location and orientation of towers, both of which are crucial to their sustainable development.



Tower 42 and Cluster of Existing Tall Buildings in the City



5.1.2



Building Shape and the Effects of Wind The shape and profile of a tall building determines its performance in wind. Shape not only affects the loading on the structure, but also has an impact on conditions in the surrounding streets and buildings. Good aerodynamic design has a beneficial impact on the structural frame of a tower in terms of materials, and on the comfort of pedestrians at ground level. For new towers in the City, wind analysis and modelling are valuable design tools in optimising the shape and form of the exterior. The Swiss Reinsurance building being erected on the site of the bombed Baltic Exchange is circular in plan, and curves out and in from bottom to top to allow the passage of wind and thereby reduce turbulence effects and down-drafts.
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Profile of the Swiss Reinsurance Building Currently under Construction The wind funnelling effect of clusters of buildings will impact on the planning and arrangement of future developments if they are to be sustainable. Designers and researchers are exploring opportunities for harnessing wind power from tall buildings. Wind speed increases with height, and new tall buildings have the potential to reduce the consumption of fossil fuels by generating electricity with wind turbines. Funnelling effects from the profile and orientation of a tower or group of towers can be used to gain the optimum electricity generating capacity. A 49-storey residential tower recently proposed for Vauxhall will generate electricity from a wind turbine on the roof to power lights in communal areas. An example of a prototype design planned around a turbine is the Flower Tower (see section 6.0).
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Flower Tower Plan



5.1.3



Vertical Axis Wind Turbine Wind Velocity Modelling



Floor Plate Depth and Ceiling Height The width of a building, usually referred to as floor plate depth, has a critical impact on its economic, social and the environmental performance. In financial terms, larger floor plates are more cost effective. The ratio of net internal area to gross internal area (NIA:GIA) can be increased with a deep floor plan. This ratio decreases with height as a greater area is given to cores in tall buildings. In terms of running costs, however, energy for lighting, which accounts for a large portion of the fuel bill for an office building, can be greatly reduced by the use of daylight. Useful daylight penetrates 3-6m inside a building from the windows, and shallower floor plates maximise the use of daylight. Lighting levels on a desk, the width of the building and the height of the ceiling all affect workers’ feelings of comfort and their productivity. There has been a tendency to squeeze as much usable floor area into a building as possible. However, businesses are now more aware of the effects of ceiling height, ventilation and distance from windows upon output of workers, and some employers have chosen not to renew leases in darker, older City offices. Marketability is crucial to the success of new buildings and the arrangement of internal space is a determining factor. A tall building can have fewer constraints on floor height and a narrower floor plate than a low-rise office block which can lead to an increased rentable value.
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5.1.4



Floor Slab Thickness and Thermal Mass Daylight entering a building arrives with a degree of passive solar heat gain (see section 4.0). The structure of a building can be arranged to absorb and dissipate that heat energy by its thermal mass characteristics. In principle, this involves direct absorption of heat into the floor slabs when there is sunlight for release at cooler periods. While passive solar gains can be harnessed to avoid the need for heating office buildings in winter, gains in summer can create the need for cooling. Through design, fabric energy stored in the building structure can be removed at night by natural ventilation, reducing energy consumption in cooling systems. Control over the radiant heat entering or leaving the building can be provided by external moveable shutters. Use of this type of mechanically operated shading has become more common in London, where it has replaced more conventional internal blinds.



Holloway Circus Tower Principles of Enviornmental Design
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5.1.5



Façade Engineering Another area where the fabric of a building can be used to control the internal conditions is the façade. The glazed façades favoured for high-rise office buildings have both positive and negative effects on energy consumption. There has been recent success in reducing the negative effects. Double glazing with argon-filled cavities, triple-glazing and glass coatings can increase Uvalues. The penalty suffered in increased embodied energy to improve the thermal insulating properties of façades is often paid back in reduced energy consumption over the life of the building. Air tightness of the façade is a major issue for tall buildings where pressure differentials from higher winds at the top of a building can cause problems with controlling internal temperatures and draughts. Double skin facades offer several advantages. They can act as buffer zones between internal and external conditions, reducing heat loss in winter and heat gain in summer. In combination with ventilation of the space between the two facades, the passive thermal effects can be used to best advantage. Natural ventilation can be drawn from the buffer zone into the building by opening windows in the inner façade. The stack effect of thermal air currents in tall buildings offers advantages over lower buildings. This eliminates potential security and safety problems caused by having opening windows at the top of tall buildings as well as wind pressure differentials around the building. This type of double skin glazed façade used in the HSBC Headquarters building has contributed to a 20 per cent reduction in energy costs.



Ventilated Double Skin Façade on the HSBC Headquarters
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5.2



Core Design Cores provide a path for building services, vertical transportation and a means of escape, as well as contributing to the structural stability of a building. For tall buildings with repetitive floor plates, the efficiency of service cores is crucial to their viability. Attention in the design process is given to the service core by parties with separate aims: lift engineers, building services engineers, structural engineers, architects, quantity surveyors, the District Surveyor, the fire engineer, the Fire Brigade. Design teams may review many options of core configuration to meet the different requirements of each discipline. Developers view cores as a loss of lettable space and apply pressure to minimise the core footprint. In general, the more time spent on the core design, the more sustainably efficient it is.



5.3



Towards the Sustainable Operation of Tall Buildings



5.3.1



Combined Heat and Power (CHP) CHP has long been seen as a highly efficient energy source particularly suited to densely built-up areas. CHP is the simultaneous production of power, heat and, sometimes, chilled water for air-conditioning, and is also known as co- or tri-generation. CHP avoids transmission losses because electricity is generated close to point of use. The simultaneous production of electricity and heat in a useable form enables overall thermal efficiencies of up to 80 per cent to be achieved, meaning that less fuel is used for a given amount of work. The result is a cost saving and a substantial reduction in CO2 produced. Emissions from CHP installations are generally a minimum of 30 per cent lower than the levels arising from conventional power generation techniques. The overall efficiency for conventional power stations is about 40 per cent, where surplus heat is usually dissipated to the environment via cooling towers. CHP plants therefore have lower fuel requirements and lower costs in comparison to conventional energy supplies. Electricity is produced by a prime mover such as a gas turbine, reciprocating engine or steam turbine which exhausts heat in the form of hot air, steam or hot water, which is then recycled. The widespread use of CHP is common in many continental European cities. Stockholm, Helsinki and Copenhagen, for instance, provide most of their electricity and heating from CHP systems because, after the initial investment, they are the most energy- and cost-efficient systems available. These systems are particularly effective in urban areas with compact layouts, such as the City.



5.3.2



Citigen In fact, the City helped to pioneer CHP in London by initiating, in 1996, the construction of the Citigen CHP station at a former Coldstore in Smithfield Market. Its two engines are the largest in the world to run on natural gas, producing 32 megawatts(MW) of electricity, and delivering the equivalent of 32MW of hot water for heating and 6.5MW of chilled water for air conditioning directly to clients’ premises. Heat from the engines is utilised to power absorption chillers to produce chilled water. Citigen’s cost-effective and secure service helps to provide energy for some of the Corporation of London’s premises, including the Barbican Arts Centre, the Museum of London, Guildhall, Bastion House and London Central Markets, as well as major commercial customers such as Alphage House. The Corporation's subways and basements are used for the distribution of hot and
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chilled water and the transmission of electricity to the local grid connection point. The district cooling system is one of only two such systems in the UK. Citigen provides an efficient energy services solution with the benefits of lower capital cost when compared to conventional boiler and air-conditioning plant. It also offers businesses the opportunity to reduce the overall environmental impact associated with their energy use. The system is actively marketed and new connections added. Plans to expand system coverage and increase supply capacity are being developed to meet rising demand in the City. In addition to providing a secure and reliable source of electricity and hot and chilled water for heating and air conditioning, customers’ total energy needs are met with reduced dependence on boilers, chimneys, fuel storage facilities, cooling towers, refrigeration plant and minimal maintenance. This can be a major space saving for commercial buildings, freeing up areas that can be used for offices or even for penthouses.18 CHP technology can be applied extremely well to the substantial loads of individual tall buildings or clusters of tall buildings where the electricity load and year round cooling requirements are similar. Globally, CHP systems are being installed in individual office buildings, hotels and housing developments. It is plausible for the City to encourage such developments through new planning regulation or guidance. 5.4



Photovoltaics for Buildings Photovoltaics (PV) is an advanced and practical solution for the sustainable supply of energy in buildings. PV cells convert light into electrical energy. It is not a new concept but has recently been developed as a viable “building integrated” PV system. The technology is proven and available. Commercial cell performance can range from 50-50 W/m² of the PV area depending upon the type of cell and PV cell density to allow the transmission of daylight.



5.4.1



PV Potential The application can be significant for high-rise buildings since they provide an opportunity for a clear path of direct sunlight above other buildings. PV panels can collect energy in diffuse light, although distances between buildings, clustering and shadows will affect their efficiency. London, due to its location and low sky brightness, has a lower potential for solar light energy than some other cities. Nevertheless, PV remains a genuine contender since the lower collection ability can be offset by greater area or panel efficiency. The best orientation for PV panels in London is south with a tilt angle of 30o.
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www.citigen.co.uk/
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PV Panels in Operation in London The following table19 provides indicators of output for mono crystalline panels used in major cities in descending values of energy yield in kWH/m²/year. The panel optimum tilt angle is also given. City Delhi Los Angeles Cape Town Mexico City Athens Melbourne Rome Oslo New York Hong Kong Tokyo Geneva Berlin Moscow London



19



Latitude 28°35’N 33°56’N 33°54’S 19°24’N 37°58’N 37°49’S 41°54’N 59°56’N 40°42’N 22°18’N 35°41’N 46°12’N 52°27’N 55°45’N 51°29’N



Longitude 77°12’E 118°23’W 18°32’E 99°11’W 24°43’E 144°58’E 12°29’E 10°44’E 74°01’W 114°10’E 139°46’N 06°09’E 13°18’E 37°34’E 00°27’W



Optimum Tilt 30° 30° 30° 20° 30° 30° 35° 45° 35° 20° 30° 30° 35° 40° 30°



Output KWH/m²/year 233 233 232 205 183 182 191 180 169 156 149 143 121 119 111



International Energy Agency, 1999
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The total installed PV power panels on a country basis is as follows: Country



Total (kWp)



Australia Austria Canada Csek Denmark Germany Spain France UK Italy Japan Holland Norway USA



25 320 3 672 5 826 13 400 1 070 69 500 9 080 9 121 1 131 18 475 205 300 9 195 5 670 117 300



Total installed per capita Wp/capita) 1.34 0.45 0.19 1.89 0.20 0.85 0.23 0.16 0.02 0.32 1.63 0.59 1.28 0.43



As can be seen, the UK has a very low per capita number of installed PV panels and incentives may be required to increase their usage. The government’s non-fossil fuel obligation (NFFO) provides incentives for favourable electricity prices to a commercial generator where a renewable or waste-to-energy means of generation is employed. It is hoped that the NFFO will also use incentives to concentrate subsidies on other technologies such as PVs. Other UK incentives include a VAT cut from 17.5 to 5 per cent for PV. THERMIE, an EU Journal Scheme, a subsidy of up to 40 per cent of the additional cost of fitting a PV system to a building. There is also SCOLAR, a separate UK government-funded scheme, whereby standard, subsidised PV products are installed into schools and colleges. A similar scheme may be a necessary incentive in the use of PV technology in tall buildings. 5.4.2



Cost Implications of PV Costs of PV cladding are becoming comparable with high performance cladding systems needed for high rise buildings. For example, a PV façade would cost less than half that of a polished stone clad building (though it could be twice the cost of a simple glass wall system for a low rise development). Comparison of Low and High Suitability To date, most of the installations of solar PVs in Europe have been in low-rise buildings with large roof surfaces and south-facing facades where it can be easily applied. Increasing numbers of PV installations can be found across Europe, encouraged by government policies. Some interesting examples are: • Solar office building, University of Northumbria, Newcastle, UK • Solar Offices, Doxford International Business Park, near Sunderland, UK • Mataro Library, Barcelona, Spain • Technopark Business Centre, Zurich, Switzerland • Sports Stadium, Freiburg, Germany PV systems contribute to the energy supply of buildings themselves, though larger installations, such as on stadium roofs, supply electricity to other buildings as well. There are still no major examples of tall office buildings with
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PV facades, though the example of the PV installation at the new Law Courts in Los Angeles (section 6), illustrates a trend that is likely to grow. Clearly the PV systems on the market may not be able to provide all the energy needs of the building but, depending upon the panel type and area, they may be able to contribute significantly to offsetting the building’s overall electrical load. PV is particularly suited to office buildings because there is a substantial year-round correspondence between daylight and working hours. 5.4.3



Architectural Design with PV



Solar PVs can provide an excellent opportunity for aesthetic and environmental innovation. Panels can replace roofs, and wall cladding systems can cover existing unsightly concrete buildings, provide rain coverings and act as roof lights.



Depending on the PV density, panels can admit or reduce daylight to the space. This can combine as a total engineered solution to reduce heat gain to the space but allowing daylight for occupants. Different densities of light admittance can be achieved in a single panel of glass with, for example, the upper and lower part of the glass more dense allowing mid vision sections at eye level. In respect of embodied energy, PV panels are expensive to produce, equivalent in cost to that of high performance building cladding systems. However, the same is true of laminated and toughened solar control glass which is seen as an essential part of cladding. PV glass panels may be a direct alternative to reduce energy consumption. These panels are applicable as double skin cladding whereby air passes behind the PV panel and absorbs heat both to improve the PV performance and to reduce energy consumption. This can be used to pre-heat fresh air in winter and as a ventilated cavity to remove heat in summer.
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5.5



Fuel Cells A fuel cell consists of two electrodes sandwiched around an electrolyte. Oxygen passes over one electrode and hydrogen over the other, generating electricity, water and heat. In principle, a fuel cell will produce energy in the form of electricity and heat as long as hydrogen is supplied. The hydrogen is fed into the anode of the fuel cell, while oxygen (or air) enters through the cathode. Encouraged by a catalyst, the hydrogen atom splits into a proton and an electron, which take different paths to the cathode. The proton passes through the electrolyte. The electron creates a separate current that can be utilised before it returns to the cathode, to be reunited with the hydrogen and oxygen in a molecule of water. Fuels cells employ electro-chemical reactions to produce electricity from hydrogen and oxygen without the combustion processes and mechanical inefficiencies associated with turbine and engine generator sets. Oxygen is normally taken from the air while hydrogen can be supplied from renewable sources such as wind or solar power, though the infrastructure for renewable hydrogen has yet to be developed. Fuel cell systems can also operate using a fuel reformer which utilises hydrogen from any hydrocarbon fuel, from natural gas to methanol, and even gasoline. Since the fuel cell relies on chemistry and not combustion, emissions from this type of system are much smaller than emissions from the cleanest fuel combustion processes.



5.5.1



Fuel Cells for Buildings Fuel Cells for Buildings is a developing technology. Fuel cells produce electricity with a very high operating efficiency, and their waste heat can also be used in CHP systems. They have advantages over other co-generation systems in that they are more efficient in producing electricity, produce fewer emissions, and make less noise.
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Figure showing efficiency of commercial fuel cell in the USA Research is currently under way to develop a second-generation fuel cell system with advanced technology, lower cost, longer life, and greater adaptability to co-generation. The use of fuel cell waste heat for co- generation in buildings will greatly reduce the consumption of primary fuels. Additional benefits are as follows:



5.6



•



Reduction in carbon dioxide emissions as a result of the large fall in primary energy consumption



•



Reduction in the need for an electric utility infrastructure (generation, transmission, and distribution), with associated cost reductions in the delivery of electric services



Water Conservation TWA, the Thames Water Authority, is London’s main water supplier. Its commitment to water conservation and the environment is shown by this quote: “Do we really need to conserve water when we have so much rain and we have had the wettest April in 2001 since records began? Although prolonged rainfall keeps our reservoirs healthy in the short term, other measures are needed to address long-term population growth and the steady increase in average water use in the South East. Promoting sensible water use to both business and domestic customers forms a key part of our corporate Water Resources Plan, as well as being a regulatory requirement. We need to carefully balance new resource development with demand management activities, such as leakage
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reduction, metering and water efficiency to ensure that we can provide a consistent supply of water to everyone year after year.” Water conservation is also addressed by the TWA in the authority’s Environmental Committee which deals with issues and directs strategy. The key issues TWA is focused on include: • • • • 5.6.1



Finding more efficient ways to manage water resources Addressing climate change and how it impacts on water Identifying sustainable ways to re-use sewage sludge Managing the bio-diversity of its sites.



Practical Considerations for Tall Buildings There are some simple water conservation techniques that can be implemented in a high rise building design. These include: -



Rainwater Collection Low Flow Wash Hand Basins Dual Flow WC’s Dry Urinals Grey water recycling



Rainwater Collection Rainwater collection is a key area of water conservation. For example, rainwater from the 20-acre roof of the Dome and wastewater from hand-basins is collected. This water is treated in a reed bed, and then used for flushing toilets and urinals around the building. Though rainwater from a tall building may be similarly collected and used, the effectiveness of this is less than it is with low-rise development due to the smaller surface area of the former. Low Flow Wash Hand Basins Standard pillar taps use a minimum of 0.15l/s at a minimum pressure of 0.2 bar. Non-self closing taps with flow straighteners use approximately 0.08 l/s for the same pressure. A spray tap having the same pressure will use only 0.04 l/s. The spray tap, which represents the lowest water flow (27 per cent of a standard tap), still does not prevent excessive usage, and sensor flow or selfclosing taps are a more effective means for conserving water. Spray taps used in conjunction with sensor operation, whereby the spray only operates when the hand is under the tap, is currently the best solution to conserve water.
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Low Flow Spray Tap with Sensor Operation Minimises Water Use Dual Flow WCs A standard WC uses 6 litres of water per flush. Dual flush systems using 3 litres or 6 litres represent a better option for flushing water conservation. Dry Urinals Urinals use typically 4.5 litres per water release. An auto-system urinal flushing six times an hour uses 236,000 litres of water per year per bowl. This can be reduced by the use of flow sensors that determine the flushing action. Waterless urinals have now been developed, and they are becoming an effective and simple means to conserve water. A waterless urinal uses a chemical cartridge, which absorbs 7,000 uses of the urinal on average. Based upon a daily use of 75-175, the cartridge should last 6–12 weeks. Grey water recycling Like rainwater, the various greywater recycling systems available are diverse in format but share many common features:• • • • • •



a mains backup supply, protected from backfeed contamination a mains bypass system a safety system to prevent storage for more than a few days a two stage treatment system using filtration and chemical treatment one or more storage tanks water coloration to avoid confusion with potable supplies.



The opportunity for greywater recycling on a high rise development will be greater than the equivalent area low rise.
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6.0



NEW DESIGN CONCEPTS FOR TALL BUILDINGS New approaches to the design of tall buildings can have a major impact on sustainability. As tall buildings become more common in London, improving their environmental sustainability grows more urgent: can the perceived need for taller buildings in London be reconciled with sustainability requirements? Fortunately, many new design and engineering options are currently available. In some tall buildings, temperature control is achieved without the use of air conditioning. Sustainable energy options, such as CHP, borehole cooling and fuel cells, can cut fossil fuel consumption. Building facades offer significant opportunities for creating buffer zones and thermal flues for cooling and heating, and for electricity generation from PV panels. A tall building can also benefit from a sky garden with a rich variety of vegetation, and such an option is being incorporated in buildings across Europe, America and Asia. Large glass surfaces can significantly reduce the need for artificial lighting. Eco-architects have are beginning to design and construct tall buildings which offer natural lighting for most desks. While the ubiquitous use of glass as a cladding material is not particularly energy-efficient, double- and triple-glazing and new types of laminated glass can reduce energy consumption of tall buildings. Tall buildings cannot be viewed in a vacuum: they exist within a specific environment and a human context. They contain their own community of residents and/or workers, but they are also part of the wider urban community. The dynamic relationship between these two communities must be considered both at the planning and the detailed design stages. Towers should be designed for mixed use wherever possible to create balanced functions and communities. The functions of a building at ground level should contribute to the quality of the city, with shopping, eating and entertainment opportunities. Day-lighting, natural shading, energy-efficient and PV facades, wind power systems, and sky gardens within buildings add up to a significant shift towards more sustainable design of tall buildings. And, of course, lifecycle analysis of construction materials is also key to the process. The combination of such design features is becoming common among architects. The main stumbling block to implementation are owner occupiers who are mainly concerned with the prestige and appearance of their building, and commercial developers who have only a limited interest in its sustainability. In the future, they may find that they change their minds as stringent new regulations concerned with sustainability come into force.



6.1



Eco-design Leading-edge design ideas such as these are helping to advance the concept of sustainable tall buildings. The Malaysian architect Ken Yeang has pioneered the bio-climatic skyscraper which has been highly influential in architectural design since the 1980s. His designs often incorporate many of the ideas outlined in section 5.0. He recognises that, due to the cultural and economic environment, tall buildings are an inevitable building form and part of the contemporary urban landscape, and he has focused on researching and developing energy-efficient and climatically-adapted buildings. Most contemporary skyscrapers are designed so that the internal environment is completely enclosed and disengaged from the climatic conditions of the site. They are 100% reliant on mechanical air conditioning for the comfort of their
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occupants. The bio-climatic skyscraper, in contrast, responds to the ambient climate of its location. Through this acknowledgement of site considerations the building achieves, through passive means, a comfortable environment for its users all year round. Passive low energy techniques that relate to the site's climate and meteorological data are key to the design, and lead to a tall building that is environmentally interactive, and low energy in embodiment and operations while being high quality in performance and comfort levels. Another feature of several new eco-towers is landscaping and planting in buildings. Yeang’s aims include recreating the conditions of the ground on the building, and creating a new eco-habitat to enhance bio-diversity. Continuous ramps of vegetation around a building and sky gardens built into internal spaces can bring positive benefits to local ecology rather than attempting to minimise impacts. There are many important aspects to the bio-climatic skyscraper. Most of Yeang’s buildings were designed for tropical conditions. In temperate locations such as in London, adjustable openings in the building's skin are added to filter and control the entry and emission of heat, glare and drafts as necessary. Such features are incorporated in the design for a tower proposed for the Elephant and Castle redevelopment. Wind can be utilised as a free tool available to the designer and occupant rather than being shut out of the building. By allowing air in and through the internal spaces of the building, as appropriate, natural air conditioning can be achieved. As well as being energy efficient, fresh air can create a healthier internal environment and raise the comfort level of occupants. Building occupants get the opportunity to regulate fresh air coming into the building, helping them to adjust the airflow as required.
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6.2



Menara Mesiniaga, Selangor, Malaysia



Eco-Tower Menara Mesiniaga showing exterior landscaping Perhaps Ken Yeang’s most successful eco-tower is Menara Mesiniaga in Selangor, Malaysia, for IBM. It is a 16-storey, 12,000 m2 tower built between 1989 and 1992. It is the prototype of new, climate-responsive tall building, suitable for tropical cities There are many aspects of this structure that are environmentally- and site-conscious. The tower has a sun-shaded roof, recessed and shaded windows on the east and west sides, spiralling vertical landscaping, naturally sun-lit spaces and low energy mechanical systems. Much of the building, from stairways and lift lobbies to the toilet areas, was conceived as a permeable membrane to enable natural ventilation. Most office workers can experience relief from the tropical heat and humidity through natural ventilation via opening windows. The articulation of the exterior surfaces and the circular shape of the tower enable air to reach the central core. Balconies that are located in a spiralling configuration around the exterior are accessed via sliding doors that admit ventilation as well as daylight into the workstations. In addition, ventilation and fresh air are introduced into the tower via skycourts and open ceilings. The skycourts are terraced areas providing a space in the building which can be viewed as a transitional area between inside and outside. By partially opening the top of the building, via a louvered sunroof, more wind movement and fresh air are induced into the spaces below. The sunroof also acts as a wind scoop to direct natural ventilation to the inner parts of the building as well as an exit for rising hot air. Yeang emphasises that internal spaces of a skyscraper do not have to be totally enclosed. Instead, spaces can and should be created where cross ventilation, as well as daylight, are welcomed into the building, providing cooling and a comfortable environment that relates to its tropical location. These ideas can be adapted to temperate conditions, and Yeang currently has a bio-climatic
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tower block for the redevelopment of London’s Elephant and Castle on the drawing board where two thirds of the building exterior will be greened and construction materials will be recycled on site. The whole building, from stairways and lift lobbies to the toilet areas, is naturally ventilated. This is achieved through the articulation of surfaces that make up the exterior and the circular form of the tower that enables air to reach the central core. Most office workers can experience relief from the heat and humidity through natural ventilation. Over 60 per cent of the workers have access to an opening window. The balconies, located in a spiralling configuration around the exterior, are accessed via sliding doors that admit both ventilation and daylight into the work stations. 6.3



Commerzbank Headquarters, Frankfurt



Commerzbank Heaquarters, Europe’s tallest building The 53-storey, 299 metre Commerzbank building, designed by Norman Foster and constructed between 1994 and 1997, was one of the world's first ecofriendly high-rise towers. Designed to reduce energy consumption - all offices have natural ventilation and opening windows - it succeeds in creating a pleasant and energy-efficient working environment. Generous winter gardens spiral up the tower, acting as
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the visual and social focus for eight storey clusters of offices. The sky gardens provide pleasant greenery as well as natural light, and serve as areas for occupants to relax and eat. It was felt that if the environmental control system increased staff productivity by 1 percent, it would be a worthwhile investment. The tower has a floor area of 120,000 m². Because the structural columns, staircases, elevators and utilities are located at the corners of the building, its centre is open as a continuous atrium and natural ventilation shaft that also brings daylight into the interior offices. Four-storey internal gardens spiral around the triangular plan form, providing occupants with a view of greenery and eliminating large expanses of unbroken office space. Every office in the building is designed to have natural ventilation with opening windows in a double skin glazed facade. The natural ventilation system can provide adequate comfort for 60 per cent of the year. When outside temperature and humidity conditions dictate a switch to mechanical airconditioning, the building management system automatically locks the windows and air is conditioned by a chilled ceiling. Heat in winter is provided from the city’s district heating systems. Lifts, staircases and services are placed in the cores in the three corners. Pairs of vertical columns, enclosing the corner cores, support eight-story vierendeel beams, which in turn support clear span office floors. Not only are there thus no columns within the offices, but the vierendeels also enable the gardens to be totally free of structure. The 53-storey tower rises from the centre of the city block alongside other Commerzbank buildings. It was positioned to minimise the amount of shadow it cast on nearby buildings and, by restoring the perimeter edge buildings, the scale of the neighbourhood was preserved. The principal entrance to the new tower is from the north, up a grand flight of stairs. The city block containing the tower is opened up with a new public space, a winter garden housing restaurant, cafés and space for performances and art galleries. The perimeter buildings contain a mix of apartments, shops, and car parking as well as Commerzbank’s new auditorium. 6.3.1



Sustainability Standards The design for the Commerzbank headquarters emerged through close cooperation between the Foster studio, the Bank and the city planners who were keen to create a sustainable high-rise building. It is a product of special political and economic circumstances in the early 1990s when Frankfurt was governed by a coalition of Social Democrats and Greens. The city’s Energy Council initiated an Energy Forum for Banks and Offices which encourages design for synergistic effects between the building facade, lighting system, ventilation, airconditioning and heating. The idea of a green skyscraper was embraced by the bank, which sponsored an invited competition for an ecologically sensitive solution. The winners proposed a building that would be energy efficient, offer flexible workplaces, and present a positive corporate image. Frankfurt has many office buildings, all of which need electricity for lighting, computing and air-conditioning. To reduce energy consumption, thermal insulation and modernisation of heating equipment are strongly encouraged. As a founding member and home of the European Climate Alliance, Frankfurt committed itself in 1990 to reduce CO2 emissions by 50 per cent by 2010. In
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this context, the city’s Energy Council was established to co-ordinate energy policies and implement climate protection measures.20 21 6.4



RWE Headquarters, Essen



RWE Headquarters designed for operational efficiency This cylindrical office tower, overlooking a lake and a park, comprises 30 storeys set on a one-storey plinth. The 163m tower is encased in a double glass skin. Outside is a single layer of strengthened safety glass, while the inner glazing is heat-insulated Climaplus white glass, allowing daylight to be maximised. A 500mm void between the layers of glass acts as a thermal buffer. All office windows can be opened for ventilation. Except under extreme whether conditions (say, 20 per cent of the time) the building is naturally ventilated. Central to the design are several specially developed, innovative features designed to minimise energy consumption. The fish-mouth elements placed between glazing layers help to integrate devices for sun and glare protection with an air-exchange system. Their electronically controlled aluminium lamellae provide protection from the sun, while optional power-operated internal textile blinds shield against glare. Air baffle plates control the inflow and outflow of air in the glass corridor. Environmental conditions are managed by Building Management Systems technology, with a single control panel in every room enabling light, temperature, façade and sun protection to be adjusted to individual 20 21



suntzu.larc.calpoly.edu/ecs/courses/407/CaseStudies/Foster/Commerzbank/intro.htm www.geocities.com/big_buildings2/commerzbank.html
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requirements. Integrated ceiling elements set into the concrete soffits are also multifunctional, incorporating low-energy lighting and a chilled water pipework system for cooling, as well as smoke alarms and sprinkler systems. The energy strategy exploits the heat storage capacity of the concrete ceilings. Heating can be augmented from the local district heating system. Some of the building’s energy is generated by PV panels which are situated on adjustable fixings incorporated into elements on the roof-level loggia. 22 6.5



The Law Courts, Los Angeles



LA Law Courts designed for environmental integration The new Law Courts in LA will be a landmark self-sustaining building. The competition for this largely solar-powered building was won by Chicago architects Perkins and Will in conjunction with London-based building engineers Battle McCarthy. The south-facing façade of the court house will be clad with 6000 m2 of PV panels to make it largely self-sufficient in electricity. On the north face, provision will be made for cool air intake. To ensure energy selfsufficiency, the building has many energy-saving features. All the courtrooms will benefit from daylight. The courthouse has a central atrium for daylight and natural air ventilation. There will be no conventional air-conditioning. A vertical earth tube will provide cooling for most of the year. Additional cooling will be provided by a novel dessicant system. The building will substantially exceed US best practice energy standards. Engineering concepts for the LA Law Court are summarised as follows:



22



David Lloyd Jones, Architecture and the Environment, Bioclimatic Building Design, Laurence King, London, 1998
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“The primary goal of engineering is to maximise benefits in the efficient use of materials, energy and skills, for the benefit of all. A building’s structural fabric and its systems must achieve a specific end result. They must create a matrix of comfortable, safe, efficient and flexible spaces. Engineering has a tendency to resist and exclude natural forces, creating an isolated envelope where energy-intensive machinery is required to maintain the internal environment. Yet engineering is dominated by natural phenomena: gravity and wind forces, temperature and humidity; light and sound, air quality and movement, vibration and reverberation. The building structure and envelope should be used not to resist, but to filter, channel and deflect critical natural forces, to create an internal environment geared towards the building’s function, to provide light, heating, cooling sound modulation and fresh air for the comfort of the occupants. The functions of structure and skin then merge, allowing the building to become an integrated mechanism that combines comfort and structural stability. The building systems and components respond to changing demands and adapt to ambient variation to achieve optimum environmental quality for the building users. Active and passive systems, such as structure and skin, computer control and simple response, take advantage of ambient energy sources to achieve maximum energy efficiency, acting as moderators between humans and the environment.” 23



23



Multidisciplinary Engineering: capability statement, Battle McCarthy, London, 2001
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6.6



The “Flower Tower”



Flower Tower prototype model Eco-functional building design is a concept being developed by London architect Bill Dunster. His most prestigious project is the Beddington Zero Energy Development in Sutton, South London, currently nearing completion. This development of 90 dwellings for the Peabody Trust and the Bioregional Development Group was described as the “most advanced ecological housing project in Europe” in a recent Channel 4 programme. Dunster has now produced an advanced design for a tower block whose footprint consists of interlocking petals which meet in a space in which a vertical axis wind turbine is installed. While the current design is primarily for housing development, it could be equally well used for a mixed development of an office block. A key feature of the design is the combination of 300mm of insulation in the walls and roof of the building, making it highly energy-efficient. In addition to the wind turbine, PV panels are installed on the roof and the walls of the building making it largely self-sufficient in energy in its proposed use for domestic dwellings. The higher energy demands of an office block would require additional sources of electricity, possibly from a hydrogen fuel-cell powered generating CHP system installed in the building.
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6.7



Liveability, Sustainability and Productivity The potential for creating sustainable tall buildings has developed since the highly publicised mistakes of the 1960s. Improvements in construction techniques and advances in building services have contributed to the potential to make greener and more people-friendly high-rise buildings. However, tall buildings can never be viewed in isolation. Their contribution to the growth of a city, their impact on the cityscape, their relationship with neighbouring buildings and their effects upon the people who use them are the ultimate test. If London is to accommodate the levels of economic growth predicted by the Mayor, 40-60 million square feet of new office space will be needed by 2025, according to developers’ estimates. This is equivalent to five new Canary Wharfs. Managing this change in a sustainable way is a challenge to planners, developers, designers and businesses. The Corporation of London can contribute to this development by building incrementally in suitable areas. A zone in the north-east quarter of the City around Tower 42 has been identified as a possible site for tall buildings, which falls outside the cone of protected views of St. Paul’s Cathedral, in an area where high density office buildings are already common place. In this setting, the Swiss Reinsurance building will begin a dialogue with the City’s tallest tower in 2003. The Heron building may join the debate a few years later. Later, a handful of other tall structures may spring up to form a unified group. All additions to this cluster of tall buildings will have to be respectful of the needs of the others and responsive to the environment in which they grow. In the design of the new generation of tall buildings, the best designers must strive for the highest quality and appropriateness. To enhance the built environment, amenity is more important than grand designs. Sensitive design of tall buildings must create a positive sense of place by appealing on a human scale to both occupiers and passers-by. Future trends may create a market for mixed-use towers with residential floors above offices, themselves above shopping and recreational zones. The Mayor’s vision is to encourage central living and working as a means of cutting down long journeys to work. For this vision to succeed, the City needs more and better public spaces, and improvements in air quality, ecology and bio-diversity. It also requires environmentally-friendly design of individual buildings. Eco-towers are coming to London; maybe in the City Gateway area, maybe at Elephant and Castle. In due course, they may also be encouraged to take root in the City, bringing greenery and sky gardens to enrich the lives of City workers. The new tall buildings should be memorable in appearance as well as resourceefficient and people-friendly in function. They should be more permeable to people and more responsive to environmental conditions to embrace sustainable development. Modernist power towers, where exterior form dominated designs solely for private, part-time use, have had their day. Buildings are becoming more public with full-time use to enhance their value and to add character to emerging neighbourhoods all around the City fringes. Internally, office buildings have been transformed in the past twenty years. Change continues as companies realise that the interior layout has a greater influence on productivity than egotistical, showy statements to the outside world. Recent developments are not limited to control over the comfort conditions of the office environment. New tower designs are changing the way people view space. Hierarchical systems of top-down people management have been broken down and office plans now embrace openness and transparency. Some organisations are seeking to consolidate by bringing previously diverse groups together. Their spaces are being shaped to assist daily encounters that aim to encourage new interactive ways of working.
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Circulation within tall buildings on open and inviting stairs and escalators enables inter-floor working and a greater identity with others on floors above and below. Metal boxes offering only restricted movement or dingy fire escapes leading to isolated floor plates are seen as limitations of the past. Instead we are seeing the gradual shift towards interesting internal environments that enhance human and resource productivity and contribute to sustainable business development. Flexibility now rules design intent, as greater fluidity spreads through the commercial office market, and businesses change the way they function. The value of people and ideas is gaining currency over capital assets. Flexible working in more remote places is encouraged by the phenomenal growth in the power of telecommunications. The future use of offices over the 60-year design life of a tall building appears to be secure at the time of writing. However, we can be certain that property developments in the early part of the 21st century will be reviewed again before they become redundant. Whatever the future holds for tall buildings, their development must become more sustainable in a triple-bottom-line approach if environment, economy and people are to prosper.
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7.0



Appendix



7.1



Sustainable Development In May 1999 the Government published “A better quality of life: a strategy for sustainable development for the UK”. This brought together the environment, social progress and the economy at the heart of policy making.1 At its core is the simple idea of “ensuring a better quality of life for everyone, now and for generations to come”. Another widely-used international definition of sustainable development is “development which meets the needs of the present without compromising the ability of future generations to meet their own needs”.2 Although the idea seems simple, the task is substantial. It means meeting four simultaneous objectives: • • • •



social progress which recognises the needs of everyone; effective protection of the environment; prudent use of natural resources; maintenance of high and stable levels of economic growth and employment.



The central idea is to meet economic, social and environmental objectives at the same time. The long-term implications of the decisions need to be well understood. Some measures are obvious, such as avoiding land contamination, and hence costs that would have to be met by future generations. Economic growth should occur in ways that minimise environmental impacts by, for example, creating efficient energy and transport systems or by implementing best practices in waste management. U. K. GOVERNMENT SUSTAINABLE DEVELOPMENT OBJECTIVES: Social progress which recognises the needs of everyone. Everyone should share in the benefits of increased prosperity and a clean and safe environment. We have to improve access to services, tackle social exclusion, and reduce the harm to health caused by poverty, poor housing, unemployment and pollution. Our needs must not be met by treating others, including future generations and people elsewhere in the world, unfairly. Effective protection of the environment. We must act to limit global environmental threats, such as climate change; to protect human health and safety from hazards such as poor air quality and toxic chemicals; and to protect things which people need or value, such as wildlife, landscapes and historic buildings. Prudent use of natural resources. This does not mean denying ourselves the use of non-renewable resources like oil and gas, but we do need to make sure that we use them efficiently and that alternatives are developed to replace them in due course. Renewable resources, such as water, should be used in ways that do not endanger the resource or cause serious damage or pollution. Maintenance of high and stable levels of economic growth and employment, so that everyone can share in high living standards and greater job opportunities. The UK is a trading nation in a rapidly changing world. For our country to prosper, our businesses must produce the high quality goods and services that consumers throughout the world want, at prices they are prepared to pay. To achieve that, we need a workforce that is equipped with the education and skills for the 21st century. And we need businesses ready to invest, and an infrastructure to support them.
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There is a global context for such measures. Agenda 21 and its prescriptions for solving global environmental and social problems at the local level are well known. The agenda, which is being implemented by an ever-growing number of governments worldwide, is a key aspect of UK government policy. Agenda 21 Chapter 7: “Agenda 21 was the main product of the Earth Summit in Rio in 1992. In various section it focuses on the need to create sustainable cities. ‘In industrialised countries, the consumption patterns of cities are severely stressing the global ecosystem… All countries should assess the environmental suitability of infrastructure in human settlements, develop national goals for sustainable management of waste, and implement environmentally sound technology to ensure that the environment, human health and quality of life are protected… Developed countries, as the largest consumers of energy, are faced with the need for energy planning and management, promoting alternative sources of energy, and evaluating the lifecycle costs of current systems and practices...” Chapter 28: “ Because so many of the problems and solutions being addressed by Agenda 21 have their roots in local activities, the participation and cooperation of local authorities will be a determining factor in fulfilling its objectives. Local authorities construct, operate and maintain economic, social and environmental infrastructure, oversee planning processes, establish local environmental policies and regulations, and assist in implementing national and sub-national environmental policies. As the level of governance closest to the people, they play a vital role in educating, mobilising and responding to the public to promote sustainable development.” 5



Britain’s Local Government Act 2000 builds on Agenda 21. It is a blueprint for UK cities in the 21st century, and states that “every local authority is to have power to do anything which they consider is likely to achieve … the promotion or improvement of … their area. … Every local authority must prepare a strategy for promoting or improving the economic, social and environmental well-being of their area and contributing to the achievement of sustainable development in the United Kingdom.”
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7.2



GLA Draft Energy and Waste Strategies The GLA is also developing several other strategies of direct relevance to this report, particularly on energy and waste. Both are still in draft form, but it is clear that both are concerned with ensuring that London achieves improved levels of resource productivity. The draft energy strategy has as its starting point concern for climate change. London will need to deliver on national goals on energy efficiency, and will also be required to play its part in a nationwide 10 per cent renewables obligation by 2010, likely to be increased to 20 per cent by 2020 as a result of new government measures. Targets for improving London’s energy performance are expected to be set by the end of 2003. The Mayor’s draft Municipal waste management strategy is primarily concerned with a substantial increase in recycling in London to catch up with cities in continental Europe and America. The draft emphasises that we can “massively increase the recycling and reuse of our municipal waste to bring new products, new industries and new jobs into London, whilst at the same time protecting our environment … The Mayor will … lobby the government to put into place legislative changes and other measures necessary, to increase the recycling and composting targets for 2010 and 2015, in line with the recommendations of the House of Commons Select Committee on the Environment, to 50 and 60 per cent respectively”.4 These emerging policies are clearly also relevant to the Corporation.



1



Cm 4345, The Stationery Office, London, 1999 Brundtland report 3 Local Government Act 2000, www.legislation.hmso.gov.uk/acts 4 The Mayor's draft Municipal waste management strategy, Executive summary 2
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The Corporation of London The City of London is exceptional in many ways, not least in that it has a dedicated local authority committed to enhancing its status on the world stage. The smooth running of the City’s business relies on the web of high quality services that the Corporation of London provides. Older than Parliament itself, the Corporation has centuries of proven success in protecting the City’s interests, whether it be policing and cleaning its streets or in identifying international opportunities for economic growth. It is also able to promote the City in a unique and powerful way through the Lord Mayor of London, a respected ambassador for financial services who takes the City’s credentials to a remarkably wide and influential audience. Alongside its promotion of the business community, the Corporation has a host of responsibilities which extend far beyond the City boundaries. It runs the internationally renowned Barbican Arts Centre; it is the port health authority for the whole of the Thames estuary; it manages a portfolio of property throughout the capital, and it owns and protects 10,000 acres of open space in and around it. The Corporation, however, never loses sight of its primary role – the sustained and expert promotion of the ‘City’, a byword for strength and stability, innovation and flexibility – and it seeks to perpetuate the City’s position as a global business leader into the next century.
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