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Sustainable Buildings
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Introduction

The subject of sustainable building design is wide ranging. It includes how we design
a building to be physically sustainable in relation to energy, water and material use and to be
resilient, for example, to be able to adapt to change of use or climate change. It also includes
issues of how we design to support  ‘well being” and a healthy lifestyle for people, and,
how we design a building to be part of a socially and economically enlivening community.
Sustainable design is not only about the more readily quantifiable physical attributes, but also
aboutthe ‘softer’ design aspects of creating place, and responding to a regional aesthetic
and cultural identity. Table 1 summarises the aspects of sustainable design. The design
and construction of the building itself is not the end point; a sustainable building must also
encourage a sustainable lifestyle for its occupants and its surrounding community.

These factors point to a holistic approach to sustainable design, which is generally
accepted as a ‘good thing”  but often difficult to achieve in practice. It may be more
pragmatic to lead with the more quantifiable aspects of design, and in particular, its energy
performance, or what is now considered important, the reduction of carbon dioxide emissions
associated with fossil fuel energy sources.

Reducing carbon dioxide emissions in the built environment is high on the agenda for
most governments as they attempt to deal with climate change, security of supply and the
continual increase in demand for energy. The design and construction of new buildings and
the refurbishment of the existing building stock is a main priority area for achieving govemment
targets for carbon dioxide emission reductions. Using the low carbon agenda to drive
sustainable design has provided a clear political message, with the aspiration to achieve  ‘zero
carbon’ new buildings within a relatively short time period.

Zero Carbon Buildings

Although there has been a growing interest low energy buildings since the 1970 s it
is only in recent years that the pace has quickened. In response to the concems over climate
change, govemments throughout the world have identified sustainability in the buitt environment
as a high priority. This has resulted in a step change in the construction industries approach to
the low carbon agenda, with zero carbon or carbon neutral buildings set to play a major role in
mitigating against further climate change. Also, industry has probably found it easier to deal with
the emphasis on the single issue of  “zero carbon design’ , than the more holistic and mutti—
parameter nature of  ‘sustainable design’

about its aspirations and targets for zero carbon buildings and how this will be achieved through

. There needs to be clear signals from govemment

a progressive ramping up of standards through future building regulations.

So what is a zero carbon building? A “low energy’  building has its operating energy
demand reduced, for example, through more efficient heating, lighting and ventilation, using
the ‘lowenergy’ and ‘passive design’ approaches discussed below. A zero carbon
building will have further energy demand reductions, for example, achieving the German
based ‘passive haus’ standard [ref], and then using renewable energy supply to meet this
reduced demand. This renewable energy supply can either be integrated into the building
design or be located ‘near-to’ as part of a community system. Generally speaking,
the renewable energy system should be part of the development and not, for example, be
assumed to come from existing green energy sources. It is also interesting to note the potential
increasing significance of embodied energy as the operating energy is reduced. For a zero

carbon building, the embodied energy may now be of a similar size to the operating energy
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over a typical lifetime, depending on the type of construction used. As a result of the transition to
zero carbon, the embodied energy may even increase as a result of using more materials and
renewable energy systems. The steps to zero carbon design include: 1)Reduce internal gains
from lighting, small power, etc. 2)Passive design, to optimise for thermal insulation, air tightness,
thermal mass, daylight and solar control. 3)Efficient services, for heating, cooling, humidity
control, ventilation and electrical lighting, to provide appropriate levels of comfort. 4)Renewable
energy supply integrated into the building or community, such as solar PV, solar thermal, wind,
bio—energy, hydro, efc.

Comfort and Services for Low Carbon Buildings

Low carbon buildings have very different thermal characteristics to previous, less energy
efficient, buildings. They have low levels of heat loss or gain, through better insulated walls
and glazing systems. They have controlled solar gains, through shading and layered glazed
facades. Often, they are naturally ventilated, or they use mechanically ventilation with heat
recovery. They may use thermal mass to provide temperature stability and thermal storage.
Finally, they should be designed to maximize the use of  “natural’  daylight and minimise the
reliance on electrical lighting. In all, they rely on passive design of the building form, construction
and envelop to reduce energy demand for heating, cooling, ventilation and lighting, which then
reduces the load on the HVAC systems. The passive design aspects of low carbon design
are reasonably well understood and the performance can be predicted by thermal modelling,
etc., which takes account of the building construction, the climate of the location, and the heat
gains from occupancy. What is not so well developed is the most effective method of providing
comfort, through heating, cooling and ventilating, for such buildings, where the loads are
relatively small and intermittent.

In'many low carbon buildings, the approach to system design has been in some way, to
reduce the size of the system. For example, for a heating system, the heat emitters are smaller
but the distribution and controls generally remain the same. Sometimes engineers are afraid to
risk reducing system size too much, in case they undersize, and so they simply rely of controls
to respond to the reduced demand. This does not then produce a benefit in terms of cost
savings from being able to use a smaller system, and also there may be inefficiencies through
operatingat ‘part-load’  conditions.

We therefore need to look at how we might better achieve comfort in low carbon
buildings, and in particular to provide a system that can both respond to the reduced energy
demand of the building, together with the comfort and the health and well being needs of
occupants. In some low carbon buildings, we see a retumn to large area chilled and heated
surface systems, and these appear to produce good results, both in relation to thermal comfort
and energy efficiency. Figure 1 shows a range of chilled surface system and their typical cooling
capacity. In such buildings it is quite acceptable to allow the air temperature to vary whilst
comfort is retained. Providing comfort through radiant heating and cooling can even improve
comfort. This is perhaps not surprising when heat transfer of the human body is through radiant
exchange with persons surroundings.

Figure 1: Chilled ceiling options, exposed slab (with night ventilation), chilled ceiling and
chilled beam, with typical cooling loads.

Low carbon buildings are designed to minimise the carbon dioxide emissions that
are associated with heating, cooling, ventilation and lighting. They may also have a proportion
of their delivered energy from renewable sources, either integrated into the building design,

or community, or grid based. A zero carbon building will have all its energy demand met by
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renewable energy supply. Since a large part of low and zero carbon design is achieved by
reducing heating and cooling demand, the resulting HVAC systems must respond to this
reduced demand and be able to deliver heating and cooling in an effective and efficient way.
In particular, the method of delivery, whether through air or radiant based systems, and their
control, is critical in relation to energy efficiency and maintaining thermal comfort. The same
applies to lighting in relation to controlling the level of electrical lighting in response to daylight,
which is different from the sometimes apparent random switching off of lights through some so
called ‘inteligent’ control.

A low energy performance can only be achieved if the systems can respond to the
reduced demand. This does not necessarily mean that controls have to be complex. In recent
years, environmental control of buildings through energy management systems, etc., has
become so complex (and expensive) that they rarely work effectively in practice. They generally
quickly go out of calibration or are too complicated to change in response to changes in use
patterns. For most buildings, controls should therefore be simple and legible to the building
users. Table 2 summarises comfort related issues for low carbon buildings.

Examples of Low Carbon Buildings

The drive towards zero carbon housing presents a big challenge, and although there
are few truly zero carbon buildings to date, there are some good examples of how they might
be achieved in future.

A typical application of applying a holistic approach to a zero carbon design strategy
isthe ‘project house’ designed by Welsh School of Architecture for Gwalia Housing
Association (figure 1). It was designed to provide a zero carbon performance using sustainable
materials with innovative off—site construction methods. In the UK modern methods of
construction (MMC) have been explored as a means of delivering sustainable buildings,
using either a panel or volumetric system (or a combination of the two). The balance of energy
demand reduction and renewable energy supply was explored using passive design features.
The figure shows the predicted time varying results for heat load and intemal air temperature,
indicating a design heat loss of just over 1kKW. The building is heated using a mechanical
ventilation heat recovery system which supplies air preheated in winter through the south facing
double skin facade. The air is supplied to the living spaces on the south side of the house and
air is extracted through the service zones on the north side. There is provision for photovoltaics
and solar thermal water heating on the roof. The house was not buitt because of its estimated
high cost at the time (2002) mainly associated with the glazed fagade and renewable energy
systems.

The Gateway building on the South Wales Baglan Energy Park was an industrial
building and office completed in 2001 and winning an RIBA regional design award in 2002. It
was designed with a low carbon performance, achieving BREEAM Excellent, and with a solar
PV integrated energy fagade. The building was naturally ventilated and had good daylight
performance. The solar PV was located on the south facing offices to provide shading and
avoid the need for mechanical cooling. Figure 2 shows the building and details of the PV
shading system.

Fagade design is an integral aspect of low carbon design. Highly glazed facades can
provide good day lighting for offices, but they should also be well insulated and include solar
shading. The examples in figures 4 and 5 are both located in Zurich and have facades where

the diffuse glazed blinds move into position in response to the sun. In figure 4 the horizontal
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blinds retract upwards when there is no sun on the facade. In Figure 5 the vertical blinds move
as the sun angle changes, optimising solar control. Both building have exposed concrete
ceilings for cooling. Figure 4 uses an  “active’  chilled ceiling which has chilled water pipes in
celing to provide about 35Wjm” of peak cooling (see figure 1b). Figure 5alsohasa ‘passive’
chilled ceiling which is cooled by night ventilation purging. In the day mechanical ventilation
delivers air to the building through a ground air cooling system (right picture in figure 5), in
summer providing up to 10°C of cooling. In both cases the radiant temperature is lower than air
providing good comfort conditions.

Fagade design requires an analysis of the glazing system and in particular its g—value.
The g—value is a measure of the solar heat gains to the space both from direct gains and
secondary gains from the intemnal glass surface (see figure 6). For some glazing systems the
interal glazing surface can reach relatively high temperatures due to the solar heat gains being
absorbed by the glazing system and transmitted into the space through the internal glazing
surface (which could be glass or an internal blind). It is generally accepted that the intemal
surface should be less than 5°C above interal air temperature to avoid overheating problems.
Therefore the solar heat gains to the glazing system must be dealt with by some form of
ventilation, glass treatment, or additional layer (or a combination of).

The IFC Lighthouse tower proposed for Dubai and designed by Atkins (figure 7) had
a target energy reduction of 65% compared to a standard tower for that region. This was to
be achieved by a combination of reducing intemal heat gains, fagade design to control solar
and exteral heat gains, and building integrated renewable, mainly solar PV and solar thermal.
Energy modelling was carried out by the Welsh School of Architecture in collaboration with
Hong Kong polytechnic University, demonstrating that the target savings could be achieved,
however the building was not completed.

For some developments an urban scale approach, rather than a building approach is
necessary. The Pearl development in Qatar (figure 8) aimed to achieve 50% reductions in energy
demand compared to the standard for such developments in the region. Modeling was carried
out to produce a set of guidelines for the main developer to issue to the plot developers. The main
aim was to be able to reduce the size of the developments energy supply infra—structure. The
design guidelines contained criteria relating to the building materials, construction, orientation,
environmental services, lighting, etc, in order to achieve the 50% energy demand reduction.

The Ras al Kaimha gateway City development was planned for 250,000 residents.
Early master—planning modeling (figure 9) was carried out to establish guidelines for reducing

energy demand. The modelling considered reductions in internal heat gains, varying
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construction details (glazing type, u-values, etc), over—shadowing of buildings to reduce
the solar heat gains, and varying orientation. Significant reductions in cooling load were
demonstrated, which can be used by the plot developers.

Building of the Future

So how will this trend over the past three to four decades, from low energy to zero

EEEN

carbon, extend into the future, and what are the emerging technologies and processes that will
be applied to the building of the future”?

The zero carbon performance target is likely to continue to be a driving force behind
planning, design, construction and operation, and probably the definition of zero carbon will
change over time as the industry becomes more confident in its ability to deliver. It is possible
that in future the concept of zero carbon might develop into  ‘carbon posttive” , where the
building becomes a net generator of energy, to cover not only the currently  ‘non—regulated’
energy uses associated with electrical appliances, etc, but also to generate energy for transport.
In the current definition of zero carbon, the emphasis is shifting from further energy efficiency
measures (to reduce demand), to the application of renewable energy supply and in future
there will be more activity on the supply side.

Buildings in future are more likely to be considered in groups or communities, where
energy is shared locally and contributions are made from new developments to offset energy use
in existing buildings, for example through new community based generation systems. Energy
storage technologies will need to be developed both for thermal and electrical energy, as will
systems that introduce greater diversity of demand. New electricity feed—in tariff and renewable
heat incentive structures in the UK and elsewhere in Europe, have the potential to drive innovation
in these areas, providing investment opportunities for both individuals and companies.

As embodied energy becomes equivalent to operating energy over a building lifeime,
this will become an area of development. There are already databases emerging for embodied
energy of materials and industries are already looking at how to decarbonise their products,
Future designs may have an embodied energy value in KWh/m2 associated with the whole
building performance. Of course the  “low hanging fruit”  for reducing the embodied energy
is the reduction of waste. Waste is becoming a major concem not only in the volume of waste
produced during construction and refurbishment, but also the nature of the materials being
used as part of energy efficient design, many of which might be considered poisonous and
difficult to deal with in terms of construction, refurbishment and eventual demolition. We might
therefore expect to see interesting developments of new and more  “environmental friendly’
materials for house construction in future.

Modern methods of Construction (MMC) are now considered to be a means of
delivering sustainable buildings, through reducing waste and providing a better quality product.
This is likely to result in a more integrated, rather than add—on approach to design, which should
contribute to cost reductions over time.

In future there is likely to be competition for land, with food production a major concem. A
recent planning analysis in collaboration with ACL-Hyder for a high density  “super—cluster’
development in Hanoi considered a density of Tmilion people in 1km2 (figure 10). Atthough
perhaps excessively high, such future thinking identifies issues of urban chimneys and
breezeways to ventilation the city, vertical transportation and other infra—structures, and access
to renewable energy. Is the operating energy and embodied energy of such developments
acceptable, and what are the health and quality of life implications.

The future must be sustainable and carbon neutral, but it must also be \iveablem
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