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Preface

In most European cities there is a vast stock of
existing buildings, many of which are getting to
the end of their useful life. To replace the stock
would take several decades and incur an unreal-
istic financial burden. It would also create a large
contribution to CO, emissions, as a result of the
energy associated with the production of
materials and the construction of replacement
buildings.

It is therefore essential that we develop
strategies and techniques to improve the energy
performance of our existing stock. It is commonly
understood that the heating, cooling, lighting and
ventilation of buildings accounts for nearly half of
global energy consumption, with the consequent
CO, emissions having an effect on global warm-
ing. The reduction of day-to-day consumption of
fossil fuels for heating, cooling, lighting and ven-
tilation must be the main objective in any attempt
to refurbish a building sustainably.

This guide is a product of the European
Union (EU) funded REVIVAL project, which
set out to demonstrate some of these principles
by incorporating them in five refurbishment
projects of large non-domestic buildings. Wher-
ever possible it draws from the experience of the
REVIVAL project, but includes other examples
and illustrations when necessary.

This guide is aimed at the architect, engineer,
surveyor and project manager. It sets out the case
for sustainable refurbishment and the principle
measures that can be adopted. It presents princi-
ples in a concise technical language, but follows
with an explanation of practical implications. It
does not attempt to be a source book of manu-
facturer’s information and technical data, or to
deal with construction detail.

REVIVAL Team
July 2009
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1.1 The case for low emission refurbishment:
Energy use in buildings

In the non-domestic sector in Europe, building
refurbishments offer far more opportunities for
reducing emissions than new building; the latter
represents annually less than 1.5 per cent of the
building stock. The usual motivation for refur-
bishment includes:

* replacement of degraded finishes and
components;

* tailoring space organization to new uses;

* improving environmental quality.

These reasons may be sufficient in themselves to
justify the cost. If at the same time the building
can be made more energy efficient, there will be
a reduction in running cost and a reduction in
CO, emissions. This will often be at a modest
extra cost that can be justified by reduced run-
ning costs, Or in some cases evern, no extra cost.

1.2 Refurbishment versus rebuild:
Economics and environmental impact

There are many instances when demolition and
rebuild will be considered as an alternative to re-
furbishment. This could be justified purely on
economic grounds, or the advantages offered by
a new building could be considered to justify the
extra cost. However, two non-economic factors
should be considered:

1 The environmental impact of refurbish-
ment versus newbuild.

Strateqgy for Low
Emission Refurbishment

2 The socio-economic impact.

Initially, the environmental impact of refurbish-
ment will almost always be less than demolition
and newbuild. This is because all the materials
carry embodied energy — to replace them causes
new carbon emissions (Figure 1.1). Furthermore,
the demolition process and waste disposal cre-
ates carbon emission as well as other waste
disposal impacts.

Embodied CO,

waste
deliveries

site energy
M&E

cladding

piling

steel

concrete

raised floors
internal partions

roof covering

0 10 20 30 40
% total

Figure 1.1 Embodied CO, associated with newbuild and
refurbishment. Note large CO, content for bulk materials
such as concrete and steel. Components made of these
materials are the ones that are not normally replaced in
refurbishment

Source: Thomas Lane quoting the Simons Construction Group in ‘Our dark
materials’, Building, 9 November 2007
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It is often argued that a new building will oper-
ate at higher energy performance than a
refurbished one, and that during its lifetime, may
have less environmental impact. This dynamic re-
lationship is shown in Figure 1.2.1t demonstrates
two important effects — that newbuild is only the
lowest emitter after the break-even time period,
and that this period can be extended by im-
proved performance of the refurbished option. It
also demonstrates that if the break-even time is
beyond the time of the environmental crisis (or
emission reduction target), the life-cycle emis-
sion is irrelevant and the refurbished building is
the best choice. It is also evident that the break-
even point is sensitive to the actual performance
of the buildings; new buildings have not in gen-
eral performed as well as predicted and this will
postpone the break-even point.

The second consideration is about social benefit
and employment. Generally, refurbishment car-
ries a higher proportion of labour cost than
newbuild. For example, the repair of a concrete

x 2.5% x 2.5 x 2.5

Figure 1.2 CO, emissions for
newbuild and refurbishment as a
function of time. The break-even point
is very dependent upon the difference
in performance (indicated by the slope
of the graph) of the refurbished and
newbuild.

structure and the cleaning of concrete finishes
will direct money to tradesmen that in the case
of new build would go to investors in concrete
and steel manufacture.

1.3 The building, plant, and occupants as a
system

Building simulations and analyses of monitored
data have shown that the building fabric alone
does not narrowly determine the energy per-
formance. Figure 1.3 shows the performance
being determined by three sub-systems, each
having a variance in performance of about two-
fold.When a poor building combines with badly
designed systems and poor management, the re-
sulting energy performance can be dramatically
worse than the best. This wide variation of per-
formance has been observed as shown in Figure
1.4. It is interesting to note that building no. 92
(extreme right) was built in 1987 and refurbished
in 1992.

Figure 1.3 The building, the mechanical
services and the occupants, as a system. Each

environmental
performance

x 16
maximum range
of performance

controls a range of performance. A poor
building may require much input from
services which if badly managed leads to high
energy consumption. The reverse may also be
true. This accounts for a wide variance in
energy consumption of similar buildings
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annual CO, emission
KgCO fm?
40 o

0 : : : : : : T T -
10 20 30 40 50 B0 70 80 a0
offices

Figure 1.4 The annual CO, emissions per m? for 92 office
buildings in the UK. The 20-fold variance illustrates the
interactive effect between building, services and occupants

Source: Data from Energy Consumption Guide 19 — Energy Efficiency in
Offices (1998) BRECSU, Watford

This evidence weakens the case for newbuild,

since it shows that the inherent properties of the
building are only one of the determining factors.
This is particularly true in non-domestic build-
ings where overall energy consumption is
dominated by processes and activities in the
building. Both systems and management can be
of as high performance in a refurbished building

as in a newbuild.

Figure 1.5 Deep-plan buildings such as these, built in the
era of cheap energy and relying on air-conditioning and
artificial lighting, may present insurmountable problems for
sustainable refurbishment

However, there may be individual cases where
the inherent qualities of a building present insur-
mountable problems. For example, buildings with
very deep plans, relying entirely on air-condi-
tioning and artificial lighting, built in an era of
cheap energy (Figure 1.5), will always be prob-
lematic both for their energy consumption, and
internal environmental quality. Thus it is impor-
tant to properly assess the potential for
refurbishment, before conclusions are drawn.

1.4 Implications for change of use

Refurbishment is often accompanied by change
of use. This may be across recognized use types —
for example a nursing area of a hospital becom-
ing an administrative centre (Figure 1.6), or a
change from residential to office use (Figure 1.7).
Or it may be that within a use type the func-
tional demands on spaces are changing due to
reorganization and the impact of changes in
practice and technology. For example, develop-
ments in IT have a continuing influence on
office practice and the spaces that support it.

2

TR 1'rn:1£r |

Figure 1.6 REVIVAL building Meyer Hospital, Florence:
Refurbishment accompanies change of use from nursing
area to hospital administrative and reception area, involving
different environmental conditions
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Figure 1.7 REVIVAL building The Albatros, Den Helder, The
Netherlands: Refurbished in conjunction with change of use
from residential to offices

It is difficult to generalize here, but it could be
said that opportunities are sometimes missed be-
cause designers impose stereotypical solutions,
often ignoring the serendipity of fitting a new
function into a building generated by a different
set of aims.

For example, in a conversion of an old fac-
tory workshop to modern oftice use, high
ceilings with exposed structural slabs are often
replaced with suspended ceilings for acoustic
reasons, and under the misguided impression that
the original spaces would be impossible to heat
efficiently. This action not only destroys much of
the architectural quality of the space, but will also
have a negative influence on daylight distribu-
tion, natural ventilation and, possibly, thermal
response.

Change of use may bring about changes in
purely technical parameters. These include:

* occupancy pattern and density;

* internal gains;

+ lighting levels;

» ventilation rates;

* thermal set-points and response;

* acoustic properties (reverberation time, noise
exclusion).

These changes may bring about benefits and dis-
benefits. For example, an historic warechouse
converted into a library will create a difficult
challenge to the designer if the intention is to
provide daylight, due to the shallow floor-to-
ceiling height. On the other hand, a heavyweight
building that required wasteful intermittent heat-
ing in its original function as a primary school,
would not be so inefficient if used for a much
longer occupied period as, for example, a health
clinic. Furthermore, the intermittent heating
would be less wasteful anyway if the envelope
insulation was improved as part of the refurbish-
ment package.

Thus, the inherent properties of the building,
the operational requirements of the new use, and
the technical options in the refurbishment all
have to be considered interactively.

Impact on energy consumption

In spite of improvements to the performance of
the fabric and systems, change of use may bring
about an increase in the energy consumption.
This does not necessarily mean that the low-
energy refurbishment has failed, since the meas-
ures adopted have undoubtedly led to lower
energy consumption than if absent.

In measuring the success of the refurbishment
then, it would be fair to make a comparison of
the building’s actual energy performance (shown
at A in Figure 1.8) with, firstly, the existing build-
ing under the new use and complying with
accepted comfort conditions, but without adopt-
ing low-energy measures (B). Secondly, a
comparison should be made with a new build-
ing of similar use type (C). We might expect a
performance somewhere between these two or
with really successful refurbishments, even sur-
passing typical newbuild performance. Finally, a
comparison should be made with the average
emissions for the building stock of the same use
type (D).

The example here shows that the refurbished
building emits 35 per cent of that predicted for
the original building with a change of use, and
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58 per cent of that of the measured average for
the existing building stock, although it emits 10
per cent more than a new building. The fact that
the refurbished building with its new use emits
nearly twice that of the original building with
its original use, is not of much relevance.

refurb. building, new use. 1
ACTUAL @

original building, new use.
CALCULATED

newbuild, new use.
CALCULATED ©

average for building stock
of same use type. ACTUAL

I

- - I
original. building, old use. |
ACTUAL | | @ |

|

energy consumption

Figure 1.8 Comparing like with like: Assessing the
improved performance of a refurbished building

1.5 Environmental comfort standards

Improved comfort standards are often the initial
motivation for refurbishment. The building
shown in Figure 1.9, an office block built in the
1970s, is poorly insulated with large areas of sin-
gle tinted glazing, no shading and a poorly
controlled heating system. Since its original oc-
cupation, density has increased, and there has
been a proliferation of computers and other
business machines. The frequent complaint is
overheating in summer, both under-heating and
overheating in winter, and poor air quality.

The client’s presumption may well be that full
air-conditioning would be the answer. If con-
ventional comfort standards were sought, this
could indeed true, although this would be nei-
ther an economical nor environmentally friendly
solution.

If refurbishment measures included shading,
improving the envelope insulation, and reinstat-
ing openable windows, comfort conditions
would be greatly improved, although the strict

Figure 1.9 An over-glazed lightweight building of the
1970s suffering from overheating in summer and under-
heating in winter. The client’s perception is often that the
only solution to comfort problems is air-conditioning

standards achievable by air-conditioning may still
not be met for all of the year. However, it is now
widely accepted that for buildings running under
predominantly passive systems, occupant satis-
faction can be high, even when the conventional
standards are not met.

A key factor is the presence of adaptive oppor-
tunity. This is the ability of the occupant to make
changes to the environment, and/or make
changes to their personal condition, in order to
improve their comfort. Typical opportunities that
might be present are listed below.

Positive adaptive attributes

* relaxed dress code;

* occupant mobility;

e access to hot/cold drinks;

* openable windows;

* adjustable blinds;

* desk fan or locally controlled ceiling fan;

* local heating/cooling controls;

» workstation/furniture flexibility;

* shallow plan (minimizing distance from win-
dows);

e cellular rooms (reduces mutual disturbance);

» surface finishes appropriate to visual task;
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» daylight and task lighting backup;

* good views (external and internal);

* transitional spaces (verandahs, atria, etc.);
* good access to outside areas.

Negative adaptive attributes

* uniformity of physical environment (temper-
ature, lighting, colour);

* deep plan, reduced access to perimeter;

* dense occupation with restricted workstation
options;

* sealed windows;

» views obstructed by fixed shading devices;

» central mechanical services control.

Studies have shown (Baker and Standeven, 1994)
that the presence of several of the positive at-
tributes will result in occupants tolerating
temperature excursions typically up to 5°C
above conventional upper temperature limits,
and around 3°C below conventional lower lim-
its. This may allow the designer to opt for the
passive solution rather than the air-conditioned
solution.

This will have implications for initial cost,
maintenance cost and carbon emissions. It will
also have implications for the choice and prior-
itizing of refurbishment measures. For example,
if it were decided to air-condition the building,
the replacement of standard double glazing with
high performance low-e units would have a
greater impact on carbon emissions than if the
building were to be freely ventilated by open-
able windows. This is because the temperature
differential in the latter case would be small or
even non-existent. However in both cases, shad-
ing would be highly beneficial.

In some cases, exceptional overheating con-
ditions may be unacceptable, although
conditions prevailing for most of the year may
be satisfactory without air-conditioning. In this
case, intermittent comfort cooling may be ap-
plied. The technological aspects of this are
discussed in section 7.11. Here we make the
point that a modest dependence on comfort
cooling may result in a building being able to

take the predominantly passive option. Further-
more, because of the intermittent nature of the
comfort cooling, and its controllability, it will not
be necessary to apply such strict comfort limits
as in a conventional air-conditioned building.
This strategy, often referred to as ‘hybrid’ or
‘mixed mode’, results in comfort cooling often
being a viable and energy efficient option.

1.6 Passive environmental strategies

Statistically, air-conditioned buildings consume
significantly more energy than naturally venti-
lated buildings. In temperate climates, field
studies have shown that in spite of the extra cap-
ital and running costs, occupant satisfaction was
no greater than in naturally ventilated buildings
(Figure 1.10). Even in hotter climates, as a study
of office buildings in Lisbon showed, satisfaction
in some air-conditioned buildings may be sig-
nificantly less than in some naturally ventilated
buildings. Thus the strategy for avoiding air-con-
ditioning is a good one, although hybrid systems
and comfort cooling (described later in section
7.11) may represent a viable alternative.

The situation often faced in refurbishment is
of a building with very poor comfort conditions,
where air-conditioning is seen as the only solu-
tion. However, it could be that after making
fabric and system improvements, comfort con-
ditions become acceptable. This should be tested
by analysis or simulation before the air-condi-
tioning option is adopted.

This may even apply to a building that has air-
conditioning already. Many over-glazed buildings
of the 1960s and 1970s were subsequently air-
conditioned to make conditions bearable.
However, measures such as shading, fabric insu-
lation, reduction of glazing area, adoption of
adaptive controls, may well render full air-con-
ditioning unnecessary. Even if air-conditioning
is adopted, these measures will reduce the air-
conditioning loads significantly.
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Natural ventilation

Many candidate buildings for refurbishment will
have high rates of infiltration. This is particularly
true of buildings constructed using pre-cast con-
crete components, and panel and curtain wall
systems, with dry linings — typical construction
techniques of the 1960s to 1980s era (Figure
1.11). In buildings with original glazing systems,
these too were very leaky. In cooler climates, the
result of the high infiltration rate is a waste of

energy due to heat loss. However, one benefit of
the high air-change rate was good air quality.

Figure 1.11 REVIVAL building Lycée Chevrollier, Angers,
France: Built in 1958 of pre-cast concrete construction with
dry lining and poorly fitting metal windows, it had very high
infiltration rates before refurbishment

Figure 1.10 Overall occupant comfort by
ventilation types; natural ventilation (NV),
advanced natural ventilation (ANV), mixed

oe 408 > p

ﬁ' PD’:‘EE‘ mode (MM) and air-conditioned (AC). The
AN',‘,IMZZ coloured plots are for the PROBE (UK) survey
anv.Daset|  and the open plots from the Building Use
T, ot Studies data. Summer survey results from 26
MM, Dataset . o . .

ke office buildings in Lisbon show that occupant
NV, Dataset satisfaction in naturally ventilated buildings

(NV) and partially air-conditioned buildings
(PAC) was higher than in air-conditioned
buildings (AC)

Source: The Probe Study (2001) Building Research and
Information, vol 29, 2 March

Refurbishment measures to reduce uncontrolled
infiltration must then recognize the need to pro-
vide ventilation to ensure that a minimum air
quality is maintained. This does not mean that
the benefits of the more airtight envelope will
all be lost, provided some means to prevent over-
ventilation is present. Broadly, the principle is
‘build tight, ventilate right’.

In predominantly warm climates (i.e. with lit-
tle winter heating) reduction of infiltration only
brings energy benefits if the building is air-con-
ditioned to a temperature significantly below the
prevailing outdoor temperature. If it is not to be
air-conditioned the main concern switches to
getting enough ventilation to remove heat gains
and to generate air movement. This will demand
large openable areas.

Night ventilation

A further important function may be the provi-
sion of night ventilation to cool the structural
mass. The principle is illustrated in Figure 1.12.
This function will also require large openable
areas in the envelope, and unobstructed flow
paths within the building. Furthermore, it is es-
sential that the ventilating air can be thermally
coupled with the thermal mass of the building.
These requirements may present design chal-
lenges, particularly in relation to security and
noise control.

9
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Figure 1.12 The principle of night
ventilation: The mass of the

maximum ventilation

Daylighting

For the two or more centuries since the indus-
trial revolution, when man moved indoors,
daylight had been too valuable an asset to waste.
Architects responded by a whole typology of
window and rooflight designs, readily accepting
the need for shallow plans, light wells and court-
yards (Figures 1.13, 1.14). This constraint was
reinforced by the same need for shallow plan to
achieve good natural ventilation. Whilst, of
course, artificial light had to be employed after
the hours of darkness, daylight was always the
preferred source in the daytime, and artificial
light was regarded as inferior both technically
and on health grounds. The latter dated from
pre-electric times when oil and gas lighting cre-
ated serious levels of indoor pollution and fire
risk.

The development in the 1950s of the fluorescent
lamp, together with relatively cheap electric en-
ergy, prompted designers to question the need
to provide the working illumination by daylight
(Figure 1.15).This freed them to adopt deeper
plans, which in principle made economies in
space efficiency and building cost.

A N building is cooled at night to
provide a heat sink for internal
| @ gains during the day
A —
éﬁ ﬁg
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Figure 1.13 Wauquez Department Store (now a museum
of cartoon art), Brussels: Rooflighting the top floor (1920).
The architect Horta could not resist architectural elaboration
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Figure 1.14 County Hall, London, 1908: Even large buildings were in fact shallow plan, providing access to daylight and natural

ventilation

Buildings of the 1960s to 1980s found them-
selves at a crossroads. On the one hand glass and
glass-supporting cladding technology had made
great strides to support the modernist, minimal-
ist view of facade design, often with huge areas
of glazing (Figure 1.16). On the other hand, the
improvement by a factor of five in the luminous
efficacy (lumens light output per Watt electrical
input) of the fluorescent lamp over the incan-
descent lamp meant that it was now technically
and economically feasible to provide the work-
ing illumination entirely artificially.

The result of these conflicting influences meant
that the art of good daylight design was virtually
lost. Initially the over-glazed buildings were, not
surprisingly, over-illuminated leading to glare,
overheating in summer due to solar gain, and
suffering from large heat losses in winter. Re-
sponse to these included, ironically, permanent
supplementary artificial lighting (PSAL1) where

the poor light distribution due to large areas of
side-lighting was balanced by artificial lighting
away from the perimeter zones. The next re-
sponse was to reduce the light transmittance of
the windows to values as low as 25 per cent, with
tinted and reflective glass (Figure 1.17). Finally
the contribution of daylight was abandoned al-
together. This allowed a retreat into deep plan,
and for a brief period a knee-jerk response of
drastically reducing glazing areas. The resulting
deep plan, air-conditioned, artificially lit build-
ings from this era have proved to be the highest
energy users and the most likely candidates for
sick building syndrome (SBS) (Figure 1.18).

Within our target building group all of these
types will be found. The following Table 1.1 pro-
vides a response strategy.

Finally, the benefits of daylighting and good
window design extend beyond the saving of en-
ergy. There is growing evidence that the view
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Figure 1.15 The leap forward in luminous efficacy of the
fluorescent lamp heralded the daylight dark ages. Deep-plan
buildings abandoned daylight and natural ventilation, and
windows were relegated to providing occasional views

Figure 1.16 The transparent building — huge areas of
glazing and shallow plan: Delft University, circa 1960

from windows and the perception of the pres-
ence of daylight, even without direct views, is
valued by occupants. This can lead to increased
well-being and productivity, and also increased
tolerance of non-neutral environmental condi-
tions. The latter offers significant support to the
adoption of a passive strategy.

Figure 1.17 First efforts to overcome the effect of large
areas was to reduce the transmission of glass by reflective
and absorptive glasses

Figure 1.18 The Kalamazoo building, Birmingham,
completely abandoned daylight with deep plan, slit
windows and full air-conditioning. Buildings of this type are
prime candidates for sick building syndrome. It was
demolished in 2003.
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1.7 Prioritizing refurbishment options

Most building projects, whether refurbishment
or newbuild, are ultimately budget limited.
Budgets will constrain both sustainability meas-
ures and functional design solutions. In the
former case, a typical example might be the in-
stallation of a photovoltaic array technically
possible to meet the equivalent electrical load of
the building (we will call this environmental bene-
fit), but prevented by prohibitive cost. In the
second example, a more generous budget for fur-
nishings would be regarded as desirable but not
viable (we will call this personal benefit). In some
cases, budget constraints may interact with deci-
sions which affect both of these areas — for
example, limiting the space provision per occu-
pant will probably be seen as a reduction in
quality from the occupant’s point of view, but
may well improve the energy use per occupant.
In other cases, a measure may create benefits in
both categories — for example, improving access

Table 1.1 Daylighting strategies for refurbishment
Building type Daylight status

Shallow plan, small glazing area

Shallow plan, large glazing area

Daylighting provision degraded.'

Daylighting degraded by low

to daylight will reduce energy consumption and
be seen as a positive move by most occupants.
The interaction of types of benefit (i.e. envir-
onmental or personal) and the sometimes
conflicting, sometimes mutually supporting, out-
comes, makes the prioritizing of refurbishment
measures difficult. Consider the case where two
measures — insulating the roof or installing shad-
ing devices — are of similar cost, but have
different levels of impact on the occupants. Roof
insulation will bring economic benefit to the
building operator, environmental benefit due to
reduced heating load, but no personal benefits.
On the other hand, shading devices will improve
personal comfort conditions, may improve the
appearance of the building, and if the building is
to be air-conditioned, may reduce cooling loads.
How do we resolve this question? We suggest
that the environmental benefits and personal
benefits have to be treated separately, initially.
‘When there is a clear quantitative ranking of en-
vironmental measures, then personal benefits

Refurbishment strategy

Reinstate daylighting, install photo-responsive
controls.

Consider reduction of glazing area, high

transmissivity glass or fixed shading, ~performance daylighting? (adjustable shading and

or nothing.

Deep plan, large glazing area

Deep plan, small glazing area

Daylighting abandoned even in
perimeter zone, as above. High
levels of uniform artificial light.

Daylight abandoned. High levels
of uniform artificial lighting.

high performance glass). Install photo-responsive
controls.

As above for perimeter zone. Consider advanced
daylight options to increase daylight penetration.
Install rooflights (top floor) and consider light
wells. Install task lighting with low illuminance
photo-responsive background lighting.

Consider increasing glazing area together with
measures above.

1 Daylighting performance may be degraded by inappropriate shading design, internal or external obstructions, poor distribution due to lowered ceilings and low
reflectance surfaces, deliberate reduction of transmission of glass by films or paintwork.

2 The term high performance daylighting refers to the technical means to balance the usefulness of daylight to perform the visual task, and the positive benefits of
view, with the disbenefits of overheating and glare (see 'High performance daylighting’ Appendix).

13
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should be considered. This is not because the
personal benefits are any less important, but be-
cause they are far less easy to quantify. There may
be cases, however, where the personal benefits
are the primary concern, or may even be essen-
tial — for example, the replacement of asbestos
with a non-toxic insulant.

Table 1.2 below is indicative only. All of the
benefits are dependent on circumstances — for
instance, the impact of improving plant efficiency
obviously depends on the existing efficiency and
the final efficiency.

Quantifying energy benefits

Here we review typical refurbishment options
and apply them to a range of scenarios. Of
course it is not possible to create global ranking
of measures since their performance is very sen-
sitive to the context. For example, improving
envelope insulation to a building in a cold cli-

mate will have far greater benefit than in a mild
climate, whereas the case for shading devices
might be reversed. Similarly the building type
will influence priorities — a shallow-plan school
building occupied predominantly in the day will
benefit far more from the investment of im-
proved daylight access than an institutional
building occupied for 18 hours per day. There
are too many combinations of parameters to at-
tempt comprehensiveness; rather, this example is
given as an illustration of the interaction of
measures and the strong impact on priority.

To assess these scenarios we have used the LT
Europe software. This software developed from
the LT Method takes account of the interaction
between lighting heat gains, solar gains, occupant
gains and losses through the envelope elements
and ventilation. It evaluates energy inputs for
heating, lighting, ventilation and cooling, and can
indicate comfort levels resulting from the omis-
sion of mechanical cooling. It can also evaluate

Table 1.2 Environmental and personal benefits of refurbishment measures

Technical measure

Potential environmental benefit

Potential personal benefit

Change fuel type large zero

Improve plant efficiency large zero

Improve controls large moderate
Insulate envelope large zero to small
Improve daylight access moderate moderate

Install shading moderate moderate to large
Install task lighting moderate large

Increase occupant density moderate -ve small

Improve noise control zero large

Improve art. light spectral qual. -ve small small

Reduce occupant density -ve moderate

moderate to large

Provide comfort cooling -ve moderate

large

Note: Environment refers to global environment.
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the impact of thermal mass and the benefit of
night ventilation

The software computes the energy in primary
energy units, which closely relate to CO, emis-
sions. The cooling loads are calculated on a 25°C

Figure 1.19 Case comparison from the LT
Europe software showing the progressive
improvement in energy and overheating
performance for natural ventilation and air-
conditioning

set-point. In the naturally ventilated
case, overheating is defined as the
number of days with two consecutive
hours or more above 27°C.

The example studied here is a typ-
ical 1970s medium-sized four-storey
office block with a 14m X 34m foot-
print. It is set in an open site in the
UK, where there is both a significant
heating and cooling load. The build-
ing is glazed on both long facades that
face north and south, with single glaz-
ing occupying 70 per cent of the
facade area. The envelope is leaky and
poorly insulated (U-values around
1.5). Due to lack of solar controls, and
internal gains due to low efficiency
lighting and fast growing IT installa-
tions, frequent overheating has
prompted the installation of air-con-
ditioning, together with tinted
window film. Controls are poor, and
the centrally switched lighting is on all
day. Occupant satisfaction is very low,
energy costs high, and it is now in dire
need of refurbishment.

Figure 1.19 shows the case com-
parison, displaying the total primary
energy consumption for the base case
described above (labelled case 1) fol-
lowed by the application of 11
measures aimed at improving energy
performance. This shows firstly how

the measures interact, and secondly provides

some evidence as to how their cost effectiveness
could be ranked, although the cost of the meas-
ures is not given explicitly.
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The cases explored are as follows:

Case 1  base case

Case 2 base case + low-e glazing

Case 3 base case + boiler efficiency
increased from 65 per cent to 85 per
cent

Case 4  base case + high efficiency lighting

Case 5 (4) + vent rate reduced 1.5ac/h to
1.0ac/h, boiler efficiency increased
from 65 per cent to 85 per cent

Case 6 (5) + photoelectric lighting controls

Case 7 (6) + low-e glazing

Case 8 (7) + insulated opaque envelope

Case 9 (8) + reduced glazing area

Case 10 (9) + summer high vent

Case 11 (10) + night ventilation

Case 12 (11) + high thermal mass

Case 1. The building starts with high heating,
lighting and cooling loads. Without air-condi-
tioning, overheating is around 45 days per year,
about ten times an acceptable level. Clearly the
air-conditioning was essential.

Case 2. Here the envelope is identified as hav-
ing poor thermal performance and it is proposed
to reglaze with low-e double glazing. This is an
expensive option and the results are disappoint-
ing with only a 10 per cent reduction in energy.

Case 3. This shows a much cheaper option of
increasing the boiler efficiency from 0.65 to 0.85
per cent which shows a saving of 8 per cent. In
reality, this may reduce emissions further due to
improved combustion. It will also cause much
less disturbance to the use of the building.

Case 4. This returns to the single glazing to con-
centrate on the other large component, lighting.
The existing lighting situation is bad, with poor
efficiency lamps and luminaires only delivering
20 useful lumens per watt (I/w)! with a design
luminance of 300 lux. This can easily be im-

proved to 40l/w and the design luminance re-
duced to 200 lux, made possible due to the
widespread use of self luminous computer
screens, and task lighting where necessary. This
halves the lighting energy. But there is a penalty
to pay in heating, and about half of the decrease
of energy is lost. However the net effect for the
air-con case 1s a reduction of 21 per cent,and 30
per cent for the naturally ventilated case, and is
thus, together with the increased boiler effi-
clency, certain to be far more cost effective than
the low-e glazing. Note too, that there is a sig-
nificant reduction in overheating days, which had
actually increased with the low-e glazing. How-
ever, overheating days are still around 28, which
is unacceptable.

Case 5. The increase in heating load prompts
two measures to improve the thermal perform-
ance. One is to improve the airtightness of the
envelope, reducing the infiltration from 1.5 to
1.0 air changes per hour (ac/h), which may
prove to be a technical challenge, and secondly to
improve the heating plant further to an efficiency
of 0.9, achievable with a condensing boiler. This
largely compensates for the loss of heat gains
from the lighting.

Case 6. Lighting energy is reduced further by
the installation of photo-sensitive controls. As
can be expected for a shallow-plan building with
(more than) adequate glazing area, a large saving
is made, reducing the lighting energy to about
35 per cent of the uncontrolled value. It is worth
noting, that if this had been applied before the
efficiency of the lighting had been improved, the
absolute savings for this measure, and thus its cost
effectiveness, would be even greater. In this case
the reduction in lighting energy has only led to
an increase in heating energy of about 10 per
cent, and this is probably because the lights are
going off in the middle part of the day, when for
most of the year net heating loads are very small.
However, together with case 4 it does demon-

1 This includes the lamp efficacy and the utilization factor of the luminaire and room combination.
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strate the dependence of heating loads on casual
gains.

Overheating has steadily reduced, down to 20
days, and there is now a real possibility of aban-
doning air-conditioning. So from now on, we will
concentrate on the natural ventilation option.

Cases 7 and 8. We now return to test the effects
of improvements to the envelope, and in case 7
low-e glazing is installed again. This results in a
40 per cent (of case 6) reduction in the heating
load. When combined with insulation to the
walls and roof (case 8) the reduction in heating
load is 64 per cent (of case 6).This is of course a
very expensive measure, and still could be of rel-
atively poor cost effectiveness. However, if there
was already a need for fabric improvements due
to failure in weathering function, much of this
cost would be offset.

Case 9. In case 9 the glazing area is reduced
from 70 to 35 per cent on both south and north
facades. This has little effect on energy balance —
there is only a small increase in lighting energy,
and the reduction of heat loss from the north fa-
cade is compensated by a loss of useful heat gains
on the south facade. However, this strategy car-
ries two important advantages. Firstly it reduces
unwanted solar gains, significantly reducing over-
heating; secondly, it reduces the cost of low-e
glazing; and thirdly, if expensive shading treat-
ment is necessary, it will be needed on a much
smaller area. It should be noted that the reduc-
tion would have had a much bigger impact on
heat loads had the glazing not already been up-
graded to low-e.

Case 10. However, the improved thermal per-
formance of the envelope has had a downside
with a disappointing increase in overheating due
to the reduced heat losses (case 8), only partially
compensated by the reduced glazing area. How
do we increase heat losses on demand? By open-
ing windows. When air-conditioning had been
installed, the windows were sealed. By reinstating
openable windows, high air-change rates are

possible in summer, and overheating can be fur-
ther reduced as in case 10.

Case 11. But overheating is still around 14 days
per year. Night ventilation is known to be effec-
tive in cooling the structure at night with the
cooler night air, and preparing the thermal mass
to absorb gains made in the daytime. Case 11
with night ventilation shows a significant reduc-
tion to seven days.

Case 12. Here an attempt to make further im-
provements is tested, where during the fit-out,
structural mass 1s exposed by removing suspended
ceilings and carpeted floors. This reduces over-
heating to four days, but at the expense of some
extra heating due to intermittent occupation.

Conclusions

The series of cases shows the interaction be-
tween measures and their varying impact.
Although generic costs are not provided expli-
citly, it is quite clear that the measures will vary
widely in cost effectiveness, and this should be
borne in mind when establishing the priority of
upgrading measures.

It also demonstrates that a critical point in
temperate climates is the ability to move from
air-conditioning to natural ventilation. This is
partly because air-conditioning carries a large
overhead of fan and pump energy, which is not
directly proportionate to the cooling (or heat-
ing) load.The result, in this case, of moving from
the air-conditioned base case, to the naturally
ventilated final case is a reduction in primary en-
ergy consumption of 81 per cent. It must be
pointed out, however, that improvements could
have been made in the efficiency of the air-con-
ditioning system that are not tested here, and
which would have reduced the final difference.

Although some of the discussion has referred
to percentage changes, in order to indicate im-
pact, ultimately it is the absolute reduction of
energy or CO, emissions against which a meas-
ure should be judged. Thus a further large
percentage reduction to a load that has already
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been reduced to a small value, is
less cost effective. This implies that
the order that measures are applied
is important.

Climate will affect the relative
impact of measures. In warmer and
sunnier climates, insulation will 4
have less impact in the naturally ‘\‘{i
ventilated case, and measures to re- =
duce overheating more. Similarly,
building type will influence the
relative impact of measures. A
building such as a junior school
occupied for the middle part of the
day will benefit more from im-
provements to daylighting than, say,
a hospital, occupied for 24 hours
per day, whereas in the case of thermal improve-
ments to the fabric, the reverse may be true.

1.8 Integration with newbuild

Refurbishment projects often include varying
degrees of newbuild (Figure 1.20). This could
range from a small wing or extension, to major
separate blocks totalling a built surface as great
or greater than the original building. In some
cases this may involve demolition and replace-
ment, and in others, the newbuild may simply
be intensifying the site coverage.

Figure 1.20 The new wing and atrium built as part of the
Lycée Chevrollier (Angers, France) refurbishment. The old
wing is on the right behind the retrofit shading

NG = :-‘,—=I-1.:.::r;-.:.:-» —y I:T &
:_..?_;\“ EJ
</

- New building
- Refurbishment

Not concerned by
refurbishment

L= e

Plan of the refurbishment & demolition work

Figure 1.21 Plan of Lycée Chevrollier showing the new
block N which caused some obstruction to daylight
available in the original block H

We can identify two broad categories of integra-
tion that could affect environmental performance.

1 architectural
2 engineering.

Architectural integration includes consideration for
the massing of the final building as well as the
aesthetic and stylistic qualities of both old and
new. Only the former issue is dealt with here.

The massing of a complex building or group
of buildings can have a significant effect on the
availability of daylight, the penetration of sun-
light and the microclimate of spaces around and
enclosed by the buildings. For example, on a visit
in spring to the Lycée Chevrollier building, it
was observed that the classrooms in block F had
lights on, whilst most in block E were off. This
clearly is a result of the obstruction of the new
block C (Figure 1.21).This new block will also
affect availability of lower angle sun, and thus
may reduce existing overheating problems, and
hence the need for shading.
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This illustrates the need to give full consider-
ation to the environmental impacts of the new
massing and interaction of all parts of the pro-
ject. Another REVIVAL example is shown in the
Meyer Hospital Case Study (Chapter 12) where
the addition of a new greenhouse on the south
elevation affected the daylighting of the adja-
cent office rooms in the original building.

Engineering integration is concerned mainly
with the integration of services. In particular,
heating plant may serve all parts of the project,
and according to the amount of increase of built
surface area, the plant capacity may have to be
adjusted. On the other hand it could be that ex-
isting plant will be adequate for an increased
built area due to the savings made by the im-
provement to the existing refurbished part. In
any event, unless the heating plant has been re-
newed recently, and the distribution mains are of
a good standard, new plant, properly sized for the
total development, is likely to be cost effective.

One further consideration, where the project
is an extensive building complex, is that distrib-
uted plant may be the best option. This is because
distribution mains for heating and cooling are
costly in capital, maintenance and running costs,
and with modern IT control and building en-
ergy management systems, personal physical
presence to control plant in a central location is
far less necessary than it used to be.

1.9 Eco-communities and urban renewal

This is a planning concept concerning commu-
nity-scale policy and design rather than

individual buildings. The term covers a wide

range of principles, from near-spiritual attitudes
about ‘living with nature’, to more pragmatic is-
sues such as waste recycling and low carbon
transport systems.

The prefix ‘eco’ (from the Greek echos —home),
is rather widely used, but refers here to the con-
cept of interdependence of buildings, the activities
within them, and their occupants, in some syner-
gistic way, that also supports sustainability and
minimizes negative impacts on the wider envir-
onment. It is essentially opportunistic — just as in
ecology, in the conventional biological sense, we see
different organisms occupying niches in a con-
tinuous cycle of energy and material, so too in this
more human-dominated context we see activities
and land use having a similar interdependence lo-
cally, and thereby reducing global dependence.

There are three reasons why it is of relevance
in refurbishment projects. Firstly, the project may
be quite extensive — particularly if it includes
housing where many units may be refurbished
by the same principles. Clearly there are oppor-
tunities here to consider the area as a whole, how
it interacts within itself and how it interacts with
its immediate surroundings.

Secondly, some building types naturally inter-
act with their surroundings both socially and
physically. For example, a refurbished factory will
need a workforce which in turn will require
transport and/or accommodation. It may also
produce low-grade heat as a by-product, which
could be used for space heating via a district
heating system.

Finally, it is particularly relevant in urban re-
newal areas, where the refurbishment may cover
groups of buildings of differing use types, as well

Figure 1.22
Eco-community renewal
scheme at New Islington, UK
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Table 1.3 Potential for eco-interaction in large scale

renewal projects

Heat

Group solar thermal

Wiaste industrial heat

Heat from sewage and waste water
Heat from waste incineration
Combined heat and power
Group solar thermal

Waste high-grade biomass
Biomass production from crops
Ambient sources

Geothermal (and cool)

Marine (and cool)

Electricity

Microclimate

Combined heat and power
Shared wind power

Shared solar thermal with storage
Shared PV arrays

Hydro power

Tidal power

Wind sheltering with vegetation
Wind sheltering by buildings
Wind access in summer

Solar shading with vegetation
Solar shading by buildings
Solar access in winter

Building specification

Maintenance
Technical support

Outdoor amenity space

Microclimate

Accessibility

Adaptive opportunity

Privacy

Security

Management

Gardens and food production

Transport

Access to public transport network
Cycle paths

Cycle storage and security
Footways

Car parking and access

Transport sharing schemes

Traffic management hierarchy

Water and sewage

Rain water catchment
Greywater management
Reedbed purification

Waste disposal and recycling

Waste sorting
Compost
Re-use

as infrastructure, and changes of land use (Figure
1.22).

In the example above, this will have implica-
tions for decisions made in the refurbishment of
both the housing and the factory, at a strategic
and detailed technical design level. At a strategic
level, the decision to use waste heat has a polit-
ical aspect, since it will affect the cost both in
money terms and carbon emissions, and will re-
quire management, and should bring benefit to
both the user and the producer. At a technical
level the use of waste heat rather than individual
heat sources may require heat emitters that can
function at low water temperatures, and exter-
nally will require consideration for the routing
of the heating mains.

To the left is a table of the most likely possi-
bilities for eco-interaction in relation to
refurbishment projects. Most are concerned with
energy production, but some are concerned with
energy and resource conservation.

1.10 Environmental regulation

Building refurbishment is increasingly being
brought under mandatory control in Europe and
this is a trend that is likely to continue. The
European Commission is driving forward vari-
ous initiatives with which individual Member
States must comply but also individual countries
are introducing further requirements for both
new and existing buildings.

Energy Performance of Buildings Directive

DIRECTIVE 2002/91/EC OF THE
EUROPEAN PARLIAMENT AND OF
THE COUNCIL of 16 December 2002 on the
energy performance of buildings

The Energy Performance of Buildings Directive
(EPBD) is the European driver for improving
the energy performance of all buildings in all
European countries. Each country is required to
translate the Directive into national legislation
according to an agreed timetable.
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The EPBD is designed to provide informa-
tion on the energy performance of a building to
prospective buyers and tenants, or in the case of
‘public’ buildings, the information is to be dis-
played inside the building to inform all visitors.
The objective is to raise awareness of the energy
use of buildings, allowing prospective buyers and
tenants to make informed decisions, and en-
couraging building owners and occupiers to
improve the energy performance of new and ex-
isting buildings.

The main components of the EPBD relevant
to existing buildings are given in the two boxes
below.

Article 6: Existing buildings

Member States shall take the necessary measures
to ensure that when buildings with a total useful
floor area over 1000m? undergo major renovation,
their energy performance is upgraded in order to
meet minimum requirements in so far as this is
technically, functionally and economically feasible.

Article 7: Energy performance certificate

1. Member States shall ensure that, when build-
ings are constructed, sold or rented out, an
energy performance certificate is made avail-
able to the owner or by the owner to the
prospective buyer or tenant, as the case might
be.

2. Member States shall take measures to ensure
that for buildings with a total useful floor area
over 1000m? occupied by public authorities and
by institutions providing public services to a
large number of persons and therefore fre-
quently visited by these persons an energy
certificate, not older than 10 years, is placed in
a prominent place clearly visible to the public.

Implementation: The example of UK

Article 6 of the EPBD is translated into UK
legislation via Building Regulations.

Building refurbishments that accompany a
‘change in use’ are subject to energy use, and
other provisions, of planning and Building Reg-
ulations control. Replacements to building
envelope components, including windows, ven-
tilation equipment and mechanical and electrical
services, must comply with the Building Regu-
lations 2000. Additionally, building energy
performance must be improved when major re-
furbishments are conducted for buildings over
1000m?. Energy requirements for building ex-
tensions and the commissioning of services are
also included in Building Regulations. Large-
scale refurbishments, or those that lead to a
change in use of the building, may result in the
project being considered equivalent to a new-
build.

The energy efficiency provisions of Building
Regulations will continue to be used by gov-
ernment to drive improvements in the existing
building stock; it is the intention that forthcom-
ing updates planned for 2010 and 2013 will
further strengthen the energy performance re-
quirements of refurbished buildings.

Article 7 of the EPBD requirements have been
transposed into British legislation and are com-
ing into force in England and Wales between
2006 and 2011. Legislation will be coming into
force in Scotland and Northern Ireland over a
similar period.

Energy Performance Certificates (EPCs) are
based on the Asset Rating (a calculated annual
energy consumption based on a standard use of
the building). EPCs provide the building’s rela-
tive energy efficiency in a similar form to
domestic product energy ratings, and must be
provided to prospective buyers or tenants when
a building is constructed, sold or rented.
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Display Energy Certificates (DECs) are based
on the Operational Rating, that is the measured
annual energy consumption of the building.
DEC:s are required for buildings over 1000m?
occupied by public authorities or other institu-
tions that provide public services to a large
number of people, from October 2008. DECs
must be prominently displayed in the building to
inform visitors. The government has committed
to consult on the possible widening of these re-
quirements to privately owned or occupied
public buildings including retail outlets, cinemas
and hotels. EPCs and DECs are produced by ac-
credited energy assessors and are accompanied
by a report detailing voluntary options for im-
proving the energy efficiency of the building.

Using other legislation in the UK

There has been a clear trend for at least the last
decade to reduce energy consumption in the ex-
isting building stock, with Building Regulations,
planning policies and requirements regarding the
provision of information to stakeholders all pro-
gressively strengthening.

Planning policies. Local planning policies sup-
ported by government legislation and Regional
Planning increasingly require developments to
use local heating networks (where available)
and/or to use renewable energy sources (on, near
or off site) to supply a proportion of their energy
requirements. Exact local planning requirements
regarding building refurbishments can differ sig-
nificantly between local authority areas. As such,
local planning requirements should always be
consulted prior to any refurbishment.

Carbon Reduction Commitment. The Car-
bon Reduction Commitment (CRC) is a new
scheme, announced in the Energy White Paper
2007, which will apply mandatory emissions
trading to cut carbon emissions from large com-
mercial and public sector organizations (including
supermarkets, hotel chains, government depart-
ments, large local authority buildings), with

carbon reductions of 1.1 Megatonnes of carbon
per year expected by 2020. The Department for
Environment, Food and Rural Affairs (DEFR A)
is currently determining how the CRC will op-
erate, with implementation expected in January

2010.

Voluntary schemes and drivers

Various voluntary standards have also been de-
veloped for reducing energy use in existing
buildings; such standards are often a precursor to
further mandatory controls. Voluntary schemes
may be strong drivers for refurbishing buildings
to low carbon standards, and are used by some
organizations to impose standards on buildings
they occupy. In the UK BREEAM (Building
Research Establishment Environmental Assess-
ment Method) has for many years been accepted
by industry as a general standard for assessing the
environmental sustainability of non-domestic
buildings, has been an important driver for the
improvement of the building stock and has been
widely used for promotional purposes. Many or-
ganizations have environmental policies and
regularly report on their Corporate Social Re-
sponsibility (CSR). Carbon emissions form a key
element of this, with energy efficiency creden-
tials often highlighted as an indicator of a
responsible approach in the community. Year on
year improvements in reducing carbon emissions
are usually a component of this reporting, with
upgrading existing building stock a common ac-
tion item.

The UK Energy Efficiency Accreditation
Scheme (EEAS) is the leading independent
emission reduction award scheme in the UK and
is open for both commercial and public sector
organizations. The Scheme provides advice for
improving energy efficiency and requires
demonstrated improvement in energy perform-
ance to secure accreditation. By gaining and
maintaining accreditation, organizations involved
in the Scheme are able to raise the profile of de-
livered energy and carbon reductions both
internally and externally, and can benefit from
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ongoing support to deliver further emission re-
ductions through membership of the Accredited
Organizations Network.
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E Floors

2.1 Solid ground floors

Most solid ground floors being considered for
refurbishment will be non-insulated.

Original floor: Solid ground slab with screeded
finish.

There is some uncertainty about the actual in-
sulation value of non-insulated ground floors. It
is very dependent upon the properties of the
subsoil. The literature provides values ranging
from 0.3 for large buildings to 1.0 for small shal-
low-plan buildings. The dependence on size is
due to the three-dimensional nature of the heat
flow. The outcome is that large buildings may
have relatively low floor U-values already, and
the cost benefit of floor insulation may be poorer
than for other parts of the envelope.

Insulation options

Option 1: Load-bearing insulation above slab
with reinforced screed above.

This provides some insulated thermal mass,
which will offer some of the beneficial functions
of thermal storage associated with heavyweight
construction. The beneficial effects of thermal
mass will be fully realized if dense conductive
materials (e.g. ceramic tiles) are used as a floor
finish, but reduced if finishes such as carpet are
used. For screed thickness of up to 75mm, this
amount of thermal storage would be significant
for 24-hour cycles only, due to its isolation from
the thicker ground slab.

Option 2: Load-bearing insulation above slab
with lightweight decking above.

This behaves as a lightweight construction since
the mass is isolated by the insulation. The floor fin-
ish will have little effect on thermal response.

Option 3: Raised floor with rigid or non-rigid
insulation (quilt) on original floor.

Raised floors are used where access to com-
munications wiring and services are required
across the whole floor. They may also be of value
where underfloor voids are to be used as part of
a natural ventilation system. It must be noted
however, that with wireless I'T technology the
demand for raised floors for IT servicing has di-
minished.

Option 4: Replaced slab with rigid insulation
beneath.

This would only take place in major refur-
bishment, or in new parts of a building. It offers
both high insulation and large thermal mass.

These options are illustrated in Figure 2.1.

Underfloor heating or cooling

Underfloor heating (or cooling) pipes can be in-
corporated in floor options 1, 2 and 4. The
thermal mass of the screed in option 1 will result
in a slow response emitter which could lead to
control problems where rapid changes in heat
loads and gains are expected. Option 4 will have
a very slow response (days rather than hours), and
would give control problems in all but continu-
ously occupied buildings with very constant
gains profiles.
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Figure 2.1 Insulation options for solid ground floors

For option 2, the heating pipes are located just
beneath the decking in the surface of the rigid
insulation. This results in a rapid response emit-
ter with a large surface area, which with suitable
controls can be very efficient.

Underfloor heating with option 3 could be
achieved with a warm-air supply.

Underfloor heating should never be installed
without insulation from the ground.

2.2 Suspended ground floors

The insulation value of the non-insulated sus-
pended floor is dependent on the degree of
ventilation of the underfloor void. For traditional
timber floors, this is often quite high and results
in the U-value being significantly higher — typ-
ically around 1.5 — than for a solid floor.
Reducing the ventilation rate would reduce this
but would lead to high humidity and subsequent
decay of the timber. For non-timber floors the
void is also normally ventilated, to avoid con-
densation.

Original floor A — screed on hollow ceramic pots
between steel joists, or concrete blocks between
reinforced concrete joists, over void or crawl space

Original floor B — timber (solid or timber-derived
product) decking on timber joists

Insulation options

For floor A as options 1,2 and 3 for solid floors,
with similar thermal behaviour, and (Figure 2.2):

Option 5: If access to crawl space permits, it
may be possible to apply insulation to the un-
derside of the floor, or lay it onto the ground or
oversite concrete.

For floor B — insulation, or; as option 2

Option 6: Remove deck and apply rigid or
semi-rigid insulation between joists.

Cold bridging is tolerable due to relatively
high thermal resistance of timber. Thermal be-
haviour as lightweight.

Underfloor heating or cooling

Heating pipes can be incorporated in the above
deck screed or insulation as in options 1 and 2.
Pipes can also be installed in the top surface of
the between-joist insulation in option 5.
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2.3 Intermediate floors

Although heat flows may occur due to temper-
ature differences between floors, these will be of
far less significance than heat losses from the
building envelope. Thus, it will not be cost ef-
fective to insulate intermediate floors, except in
special circumstances, where it is known that sig-
nificantly different temperatures will be
maintained. Options would be similar to sus-
pended ground floors.

2.4 Thermal response implications of floor
insulation

Floor insulation reduces heat losses in the heat-
ing season and may also improve comfort by
reducing temperature stratification where cool
air collects close to floor level. The impact of
floor insulation on heat loss may be less than ex-
pected when applied to deep floor plans, due to
the relatively low effective U-value of the non-
insulated floor away from the perimeter.

insulation options 1,2 & 3
screed

insulating quilt

soil or oversite concrete

insulation option 2
timber or timber product deck
insulation

timber joists

Figure 2.2 Insulation options for
suspended ground floors

concrete or ceramic blocks

pre-cast concrete or
steel joists

Apart from the opportuni-
ties offered for heating and
cooling systems integrated
with the floor structure, insu-
lating the floor can have a
considerable impact on the dy-
namic thermal response of the
building.

The simple rule applies, that
thermal mass in the floor only
affects the interior if it is cou-
pled to it. This means that
options that isolate the floor
surface from the massive struc-
tural slab (as in options 2 and
3) will change the thermal re-
sponse of the space, making it
much quicker to respond to heat inputs.

This may be advantageous in responding
quickly to heating systems in intermittently oc-
cupied spaces, or disadvantageous in spaces that
might receive large and irregular heat gains, such
as solar gains. The latter has implications for
comfort, where a traditional paved solid floor
maintains a steady temperature well below peak
daytime temperatures, encouraging both radia-
tive heat loss and temperature stratification, both
welcome in warm conditions. Massive floors are
also effective at absorbing solar gains when the
sunpatch is located on the floor, thereby reduc-
ing daytime overheating and increasing the
usefulness of the gains to reduce auxiliary heat-
ing later in the day.

Option 1, although isolated from the original
structural slab, provides a significant amount of
thermal mass, and this will behave similarly to
the original non-insulated slab to fluctuations of
a diurnal frequency, but will not show the long-
term stability associated with thick slabs in
ground contact.

OPTION 5

OPTION 6
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H Walls

‘Wall insulation is important for:

e heat retention in cool conditions;

¢ heat exclusion in warm conditions;

* preventing the ingress of solar gains made by
the absorption of radiation on the outside of
the opaque wall.

In non-extreme climates, due to the seasonal
variation, all of these conditions will be encoun-
tered during the year. This means that in general,
wall insulation will always bring positive benefits.
There may be some situations, however, where
benefits may small in comparison with the cost,
or present technical difficulty and/or unaccept-
able visual impact. This is sometimes the case in
historic buildings. Or there may be buildings
where due to high internal gains, the lack of
need of close temperature control or the nature
of the activity, heating and cooling loads are al-
ready modest.

There may also be some circumstances where
overheating is made worse. This can occur in
buildings with high internal gains in cool cli-
mates, particularly in lightweight buildings, or if
the insulation is positioned on the inside of
envelope. However, except in rare occasions
where consistently high internal gains are pres-
ent — for example, due to a manufacturing
process — insulation will provide a better annual
performance, and overheating can be addressed
by proper ventilation and gains control. This is
demonstrated in section 1.6, p8.

3.1 Solid walls

Here we refer to solid walls constructed of
bricks, stone, concrete block or in situ concrete.

Other materials that might be encountered in
historic buildings could include materials such
as rammed earth (cob or adobe), and timber
framed walls with solid infill of mud, clay, soil
composites, often reinforced with light timber
sections (e.g. wattle and daub). These kinds of
constructions often present problems for refur-
bishment due to damp ingress and decay.
Solutions are highly specific to the technical de-
tails of the construction, and are not dealt with
here.

The U-value of the non-insulated wall is of
course dependent on the material and thickness
of construction. Typical values range from 1.0 to
3.0, which fall a long way short of current new-
build values.

External insulation (Figure 3.1)

Option 1: Rigid insulation material fixed to
wall and render applied.

Option 2: Framing fixed to wall to create voids
for non-structural insulation, render applied on
support layer (e.g. metal lath).

Option 3:As above but with rigid cladding ap-
plied (e.g. timber, metal panel).

Option 4: Composite engineered cladding
panel providing weathering, insulation and struc-
tural support.
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Figure 3.1 Options for external insulation of solid walls

Implications for external insulation

All forms of external insulation can be applied
without changing the thermal response of the
interior. This is because the thermal mass of the
structure remains coupled to the interior, which
is where the gains are made
(solar gains through windows
or gains from internal equip-

In most cases, externally applied insulation elim-
inates cold bridges and (unlike internal
insulation) does not create new cold bridges. The
exception to this is where a balcony or other
structure will protrude through the insulating

ment and occupants) (Figure
3.2).

External insulation also
protects the structure from
solar gains made on the ex-
ternal surface of the building.
These are important consid-
erations as both can reduce
the need for air-conditioning.
Finally, external insulation
may be part of a treatment to

provide new weatherproofing
to a degraded wall.

Figure 3.2 Coupling of thermal mass with room interior
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layer. This may not be easy to solve without re-
constructing the attachment with a high
strength, low cross section element.

Non-thermal advantages include the benefit
of work being able to be carried out without
disturbing the interior, and possibly allowing oc-
cupation to continue.

External cladding may cause a major visual
impact. For some historic buildings this will be
unacceptable. In cases where buildings are al-
ready of rendered finish, using options 1 or 2
could leave the building with no significant
change of appearance. However, applying exter-
nal insulation to facades that are articulated and
have openings for windows etc., will be technic-
ally challenging.

In other cases, change of appearance may be
welcome, and options 3 and 4 are often used to
give visual as well as thermal improvement.

Internal insulation (Figure 3.3)

The constructional options for internal insula-
tion are similar in principle to external
insulation.

OUTSIDE INSIDE

rigid closed cell insulation

special fastening or
adhesive

OPTION 5

= framing

insulation

vapour check

plasterboard or
=] other cladding panel

OPTION 6

Figure 3.3 Options for internal insulation of solid walls

Option 5: Rigid insulation material fixed to
wall and render or plasterboard applied. Plaster-
board with integral insulation is available.

Option 6: Framing fixed to wall to create voids
for non-structural insulation, plasterboard or
other cladding panel.

However, option 4 will rarely find application —
one fundamental difference being that the final
internal finish does not have to be a weathering

finish.

Thermal response

The thermal response of the interior is changed
since the thermal mass of the original structure
is now isolated from the interior (see Figure 3.2).
This will have most impact in smaller buildings
where a greater proportion of the walls of the
rooms is external wall. Where a large building is
highly subdivided by partitions, if these are
heavyweight construction, and if further mass is
present and accessible in the floor and ceiling,
the effect of insulating the external wall will be
slight. It is difficult to make quantitative rules,
and these issues should be investigated by ther-
mal simulation.

Cold bridges

Cold bridges will be created where internal parti-
tions and floors meet the external wall (Figure 3.4).
If, as is usual, they are of conductive materials, such
as masonry or concrete, this is a difficult problem
to overcome. The solution necessitates bringing
the insulation back for a distance from the exter-
nal wall or floor (Figure 3.5) which in itself causes
problems particularly in the case of the floor.
Cold bridges lead to increased heat loss, since
the average U-value of the envelope is increased.
However, in walls, this effect may be relatively
slight, and could in principle be compensated by
extra insulation. The greater importance of cold
bridges is that they lead to lower surface tem-
peratures and may become sites for surface
condensation. This is particularly prevalent in

33



Practice

ouT IN

low surface
temperature

|— o (4

cantilevered
balcony

Figure 3.4 Cold bridges left by external insulation

housing, or in other building uses with high oc-
cupancy and moisture production.

However, not all cold bridges have equal ther-
mal impact, and in some circumstances may be
acceptable. The actual heat loss and resulting de-
pression of surface temperature can be calculated
from the geometry and material properties of the
bridge, using three-dimensional heat flow ana-
lysis. This could be worthwhile in a large project
where the elimination of cold bridges could be
very expensive.
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solved by insulation, but inconvenient

Figure 3.5 Insulating a cold bridge will be costly and
inconvenient

Interstitial condensation

Internally applied insulation has the potential for
creating interstitial condensation — that is, conden-
sation occurring inside the structure. This can
have a very damaging effect on the structure,
causing corrosion and decay, and in some cases
reducing the effectiveness of the insulation.

The cause of interstitial condensation is illus-
trated in Figure 3.6. It shows that the diffusion of
water vapour through the structure to a part
which is at a temperature below the dewpoint'
of the air. The solution is simple in principle —
prevent the vapour from diffusing through the
material by applying a vapour check barrier to
the warm side of the insulation.
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Figure 3.6 Interstitial condensation in wall without vapour
check and effect of vapour check on dewpoint profile
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In practice it is not simple and two difficulties
arise. Firstly it is difficult to ensure that the
vapour check is unperforated and sealed to such
as door linings. Secondly, pressure differences

1 As a given mass of air is cooled down it can hold less and less water as vapour. The dewpoint is the temperature at
which it has a relative humidity of 100 per cent and further reduction of temperature will result in condensation.
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Figure 3.7 Typical cavity wall constructions

across the building envelope (due to wind or
temperature differences) can cause bulk flow
(non-diffusive) of air via voids, conducting moist
air to cold sites. This is likely to be of much
greater magnitude than diftusive flow.

As with cold bridges, there are not simple
rules, and a dynamic analysis of condensation
risk, considering the evolutions of temperature
and humidity in the structure, should be carried
out for larger projects. In making this analysis,
practical difficulties of installing vapour checks
must be taken into account.

3.2 Cavity walls

‘Walls built from about 1950 onwards usually in-
cluded a cavity. In walls of double leat masonry
(brick, concrete, stone, etc.) the main purpose of
the cavity was to prevent the transmission of
moisture from the outer leaf to the inner leaf.
The cavity also increased the thermal resistance
compared with the same amount of solid mater-
ial, but not sufficiently to meet modern
standards. For example, a 225mm solid wall has
a U-value of 2.3W/m?°K, whilst a cavity wall
with two leaves of 112mm has a U-value of
1.7W/m?°K.This is still at least five times higher
than typical newbuild values.

Composite walls may have cavities inherent
in their construction. For example, in situ con-
crete walls may have a cladding hung on steel
rails fixed to the concrete, creating a cavity be-
tween the cladding and structural wall. Walls with
a solid external leaf may be ‘dry lined’ with plas-
terboard or timber composite supported on
battens fixed to the structural wall.

Lightweight walls that are composed of ex-
ternal cladding panels and internal ‘dry lining’
supported on steel, concrete or timber frame will
also have a cavity, usually enclosing the structural
frame.

Insulation options

The insulation value of the cavity is dependent
on the ventilation and air movement. If the cav-
ity is freely ventilated to the outside — for
example, as in ‘rain-screen cladding’ — the insu-
lation value of the cavity is virtually zero. The
more restricted the ventilation, the greater the
insulation value, as the temperature in the cavity
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heat transfer
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heat transfer
by convection

Figure 3.8 Heat transfer across a wall cavity by convection
and long-wave radiation
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increases. However, even for a non-ventilated
cavity, the insulation value is limited by the trans-
fer by convection and radiation of heat from one
leaf to the other, as in Figure 3.8.

Improvement in insulation value can be made
in two ways:

1 Reducing the radiative transfer by includ-
ing low-emissive surfaces.

2 Reducing or eliminating convective trans-
ter by filling the cavity with insulating
material.

Note that these are alternatives; there is no ad-
vantage using low-e surfaces if the cavity is full,
since heat transfer is now entirely by conduction.

Practical considerations

Masonry walls

In the case of double masonry walls, it is usually
impractical to remove one leaf in order to place
rigid insulation in the cavity. Thus the cavity can
only be considered as a location for insulation if
material can be injected or blown into the cav-
ity via small openings. This is now a common
practice, particularly in domestic buildings, using
materials such as rockwool, glass fibre and ex-
panded polystyrene beads. Other materials
include recycled cellulose fibre and vermiculite.

‘With this technique, the cavity becomes filled,

and there is concern that the moisture-isolating
function of the cavity will be lost. The nature of
the climate, the degree of exposure of the build-
ing to driven rain, and the condition of the outer
leaf all have to be considered for the particular
project, and specialist knowledge sought.

It 1s relevant to point out that in newbuild
masonry cavity construction, it is normal prac-
tice to fix semi-rigid insulation to the inner leaf
and leave a cavity of at least 25mm between the
insulation and the outer leaf.

Composite and lightweight walls

It is less common practice to inject walls of this
type with loose fill, although if the outer leaf is
reliably waterproof, and the conditions relating
to interstitial condensation (see below) are satis-
fied, then there is no reason, in principle, why it
should not be done.

The refurbishment of this wall type may in-
volve the stripping of either the inner or outer
leaf. Provided the cavity is large enough this will
give the opportunity to fix semi-rigid insulation,
still maintaining a cavity.

Interstitial condensation

The principle of interstitial condensation con-
trol is to keep the temperature gradient (from
inside to outside) above the dewpoint gradient.
This can be achieved by vapour check mem-
branes as already discussed, and illustrated in
Figure 3.6.

Clearly the incorporation of a vapour check
membrane is not possible in existing masonry
cavities. When a cavity is insulated, the inner leaf
is usually sufficiently impermeable to water
vapour to ensure that the temperature in the in-
sulation does not drop below the dewpoint, as in
Figure 3.9. Note that the drop of dewpoint in
an element is dependent on its relative resistance
to vapour compared with the other layers. How-
ever, there could be combinations of a very
permeable inner leaf with an impermeable outer
leaf — for example dense concrete or granite —
where condensation could occur on the inside
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of the outer leaf. This would be a particular con-
cern if a biodegradable material such as
reclaimed cellulose fibre were to be used. The
situation could be improved by rendering the
inner leaf more impermeable to vapour by sur-
face treatment such as paint.

temperature

_____ dewpoint

Figure 3.9 Temperature and dewpoint profiles in masonry
wall with insulated cavity

In composite and lightweight walls, the situation
is similar to the case described for internal insu-
lation of solid walls. The risk of interstitial
condensation will often rule out the retro filling
of the cavity unless the inner leaf is known to
have a much higher vapour resistance than the
outer leaf. This is definitely not the case where
the inner leaf'is a dry lining such as gypsum plas-
terboard, or where internal panelling has joints
through which there could be bulk air flow. In
these cases, the only solution for cavity insula-
tion would be to strip off the inner cladding and
install a vapour check, or replace the cladding
with an inherently vapour resistive material such
as polyurethane foam.

Where the problems associated with filling
the cavity cannot be overcome, external or in-
ternal insulation could be applied. The thermal
implications of this action would then become
the same as the case of the solid wall.

Thermal implications

The principles of the change in thermal response
when applying insulation are the same as de-
scribed for solid walls. If existing mass is isolated
from the room, by the insulation, then thermal
response time will be reduced according to the
proportion of room surface treated.

In a double leaf masonry construction, most
of the active thermal mass is in the inner leaf and
so filling the cavity will have very little effect on
the thermal response.

The only point to add is that if insulation is
added to a lightweight wall, there will be no
change to the thermal response other than re-
duced heat loss.

Retrofit inner or outer leaf

During refurbishment of ancient or historic
buildings there may be the need to build an
inner leaf, on its own foundations, in order to
provide structural support to upper floors, or to
the existing external wall. If a cavity is to be in-
cluded, then, in principle, this could be insulated.
However, it is possible that the requirements for
bonding the new leaf to the existing wall may
require the cavity to be too small for significant
insulation to be included. In these cases, other
insulation options for solid walls will have to be

adopted.
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Roofs include a wide range of construction
types and thus refurbishment solutions tend to
be very specific. Clearly a vital function of roofs
is the exclusion of water, and refurbishment is
often driven by this. When this leads to re-roof-
ing, that is, replacing the whole weathering
element, several options for thermal improve-
ment will present themselves.

In other situations, the weathering function
of the roof may be perfectly satisfactory, and the
intervention may be to improve the thermal per-
formance only. In this instance a more careful
appraisal of benefit will have to be made and cost
effective options may be more limited.

Roof insulation is important for two main
reasons:

1 A poorly insulated roof can be a source of
large heat losses due to its exposure to
wind, the large convective transfer from a
warm surface upwards, and high radiant
losses to the night sky.

2 The roof surface receives the greatest inso-
lation during the summer period — solar
gains conducted through the roof can be a
major cause of overheating and possibly
expensive mitigation by air-conditioning.

However, it has to be borne in mind that im-
provements to the roof will only have significant
benefit to the floor below. Thus the overall im-
pact of roof improvements will be quite different
for, say, a single-storey building and an eight-
storey building.

Roof types

The categories below have been chosen to re-
late to opportunities for insulation:

1 roofs with accessible attic spaces (double
pitched, mono-pitched or flat);

2 roofs with voids;
3 solid roofs.

attic space

M traditional pitched

void timber deck

solid

| | I

\ waffle slab

Figure 4.1 Types of roof
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4.1 Insulating roofs with attic spaces

These give access to the upper surface of the
ceiling element, thereby allowing the placement
of non-rigid insulation material. Usually there is
no space limitation, thus large thicknesses of in-
sulation can be accommodated and high
standards of insulation achieved at low cost. For
example, the application of 300mm of fibreglass
to an uninsulated plaster ceiling under a tiled
roof will reduce the U-value from 2.5 W/m?°K
to 0.1 W/m?2°K, a factor of 25 times.

Ventilation of attic space

In traditional construction it is likely that the
ceiling will be lime or gypsum based plaster sup-
ported on lath or plasterboard. These are vapour
permeable. Many modern ceiling constructions
are also permeable, due to gaps and joints, even
if the material itself is not vapour permeable.
Since water vapour is generated in all occupied
buildings, it is essential that the attic space, into
which the water vapour will migrate by either
diffusion or bulk flow, must be ventilated suffi-
ciently to keep the dewpoint below the air
temperature and surface temperature.

.

Figure 4.2 Migration of water vapour through ceiling and
insulation requires ventilation of attic space

In practice, this may not be possible at all times
because the temperature of the external roof
element may drop below air temperature due to
radiant losses to the sky, particularly at night.
However this will be a transient effect, and any
condensation will evaporate at a warmer part of
the diurnal cycle, and be removed from the attic
space if there is sufficient ventilation.

It is difficult to give simple rules on area of
ventilation openings since there are unknown
variables such as the humidity in the building
and the vapour permeability of the ceiling. In
some cases, attic ventilation provision is governed
by building codes. However, as an approximate
guide the total ventilation area should be be-
tween 0.3 and 1.0 per cent of the ceiling area,
well distributed in plan and vertically. Distribu-
tion is important to encourage good mixing and
stack effect ventilation on calm days.

Care should be taken to ensure that the insu-
lation material does not obstruct air flow at the
eaves, particularly when there are no other ven-
tilation openings. As a general rule, it is much
safer to over-ventilate, since as the attic space is
cold (all of the temperature drop is in the insu-
lation), there is no energy penalty for
over-ventilation.

4.2 Insulating roofs with voids

This will commonly apply to flat roofs. It will
also apply to pitched roof attics that are to be oc-
cupied, where the insulation must be in the
plane of the outer roof element.

If the void is to be used as the location for in-
sulation, the main problem is interstitial
condensation, as described for walls in section 3.1,
p34. The problem is exacerbated for flat roofs,
since the horizontal outer element (typically bitu-
men, lead or a rubber/plastic based membrane)
has to be inherently waterproof and thus highly
resistant to vapour. This rules out the filling of a
roof void with particulate insulation (e.g. mineral
fibre, polystyrene beads) by injection through
small openings, since it would be impossible to
insert an internal vapour check between the ceil-
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ing and insulation. Furthermore, unless the void
is unusually large and only partially filled, suffi-
cient ventilation will be very difficult to provide
passively.

condensation
creates rot

\

condensation zone

| timber deck

{[§)

1EMP,  —
dewpoint

- vent

* vapour check

Figure 4.3 Dewpoint profiles in insulated flat roof with
and without vapour check and roof ventilator

Where the inner and outer roof elements are
pitched — for example, a tiled roof over an attic
room — the outer element has only to be water-
shedding rather than water-proof. Provided a
vapour-permeable membrane (or no membrane
at all) has been used between the outer layer and
the void, it might be possible to inject loose fill
insulation without a vapour barrier. The risk of
condensation will depend, as with ‘attic spaces’,
above, on the prevailing humidity in the heated
space, and the vapour permeability of the inner
ceiling. However, the risk is high and it is not
recommended without careful analysis.

In both the above cases, the recommendation
is to gain complete access to the void by the re-
moval of either the inner or outer elements, and
install a vapour check membrane on the warm
side of the insulation. The technical details of in-
stallation are not dealt with here, but it is essential
that it is carried out with a high standard of
workmanship and supervision.

Insulation materials can be highly vapour per-
meable — such as mineral wool or cellulose fibre
— or inherently impermeable, such as closed cell
polystyrene or urethane foam. Closed cell foams
will not suffer interstitial condensation within
their volume. However bulk flow of air can take
place between slabs of insulation and conduct
moist air to cold parts of the structure — thus a
vapour check is still essential. It is also strongly rec-
ommended that the void is not filled, leaving a
space above the insulation that can be ventilated.

There can be no short cuts to this problem.
There have been cases of total structural failure
due to interstitial condensation.

4.3 Insulating solid roofs (or roofs with
inaccessible voids)

For flat roofs three options are available:

1 insulation above the waterproof mem-
brane;

2 insulation between waterproof membrane
and structural deck;

3 insulation below the structural deck.

Insulation above the waterproof
membrane

The so-called ‘upside-down’ roof relies on the
inherent waterproof properties of closed-cell
plastic or glass foam insulation. Slabs of rigid in-
sulation are cut to fit and simply laid on the
existing waterproof membrane. They are usually
weighted down with either concrete slabs or
gravel. This method is particularly suited to con-
crete decks, where the extra loading due to the
gravel or slabs is unlikely to present problems.
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Figure 4.4 Insulation above the waterproof membrane; the ‘upside-down’ roof

The roof is drained at the membrane level.

The great advantage of this method is that the
waterproof membrane is protected from thermal
stress and other damage, and kept at a very stable
temperature. The work can also be carried out
with no disturbance to the interior, and because
the waterproof membrane also acts as a vapour
check, and is on the warm side of the insulation,
there is zero risk of interstitial condensation.

A further advantage is that most cold bridges
(see section 4.4) will be avoided, although some
problems may be encountered where there are
parapet walls.

Insulation between waterproof membrane
and structural deck

This might be carried out on a roof that had to
be stripped due to the poor condition of the
waterproof membrane.

The disadvantage of the method is that the
waterproof membrane remains exposed to the
weather. In the case of heavy concrete or ma-
sonry based roofs, the waterproof membrane will
experience much greater temperatures and tem-
perature gradients due to the isolation of the
membrane from the thermal mass of the struc-
ture. This can develop shear stresses along
shadow lines and at the edges of puddles that, to-
gether with the effects of UV, can accelerate the
ageing and failure of the membrane. On roofs
with lightweight decks, the difference will be less
marked, although even the thermal capacity of
timber will have some moderating effect.

Thus wherever possible, it is recommended
that option 1 is adopted. The only exception to
this might be where on a historic building part
of a flat or low-pitched roof is covered with lead
or copper, and a change of appearance is unac-

ceptable.

waterproof membrane
(temperature unstable)

high surface temperature

insulation

vapour check Figure 4.5 Insulation between

deck and waterproof membrane
leading to high thermal stresses
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Insulation below the structural deck

This will almost always involve the erection of a
secondary supporting structure (i.e. ceiling), and
thus the issues become the same as for existing
roofs with voids. The main concern is the avoid-
ance of interstitial condensation by preventing
moist air from the interior getting to the cold
underside of the structural deck. This can be
achieved (but not without difficulty) by using a
vapour-check membrane and ventilation as de-
scribed in section 4.2.

4.4 Other thermal issues

Surface reflectance

In warm climates where solar gains through the
opaque fabric of the roof are a problem, the ther-
mal performance of a roof can be greatly
influenced by increasing the reflectance of the
roof surface. It is common practice in tropical
areas, where for traditional buildings the roof U-
value is usually quite high.

The penetration of solar gains made on the

_ temperature moderately stable

|

\ [ /\_/ ventilation space

insulation

J—J—J—J_.i vapour check
ceiling

Figure 4.6 Internally insulated solid roof

An exception to this is where an inherently
vapour proof material is fixed to the underside of
the deck. This is sometimes achieved by spray-
ing with an expanding polyurethane foam.
Lightweight renders with cellulose fibres and
other mineral fibres are also used. However, due
to the vapour permeability of the render, the
possibility of interstitial condensation must be
much higher.

This method has also been used on light-
weight pitched roofs made of a single element
such as corrugated iron (or other metal), or even
tiles. It 1s often regarded as a short-term solution,
particularly in the latter case. The implications
for materials such as polyurethane for the in-
staller’s health and the environment generally
should be considered.

outer surface of a roof construction is described
by the Solar Heat Gain Factor (SHF). Table 4.1
shows the effect of changes of reflectance by sim-
ple low cost means.

Table 4.1 Solar Heat Gain Factors (SHF) for various
constructions and finishes

Solar heat U-value
gain factor W/m?K

Roof construction

%

(1) Non-insulated dark coloured

steel corrugated sheet with ceiling 7.6 1.9
(2) as (1) with 50mm fibreglass 5.2 1.4
(3) as (1) whitewashed ext. 3.7 1.9
(4) 150mm concrete slab 9.1 33
(5) as (4) with 50mm fibreglass inside 3.1 0.6
(5) as (4) whitewashed ext. 4.1 3.3

Source: Koenigsberger, 0. and Lynn, R. (1965) Roofs in the Warm Humid
Tropics, Architectural Association, London
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Figure 4.7 Transmission of solar gain through non-
insulated horizontal roof void and effect of low-emissivity
surface (aluminium foil) on upper and lower surface of the
cavity

Most paints that are optically white — that is, they
reflect nearly all visible radiation — still absorb
the near infrared (IR), which forms nearly half of
the energy in the solar spectrum. New paints that
are reflective to the near IR are becoming avail-
able, and even when coloured (i.e. absorbing
some part of the visible spectrum) their per-
formance is still better than conventional white
paint.

Polished metallic surfaces also have low IR
absorption. However, they have poor emissivity
in the long-wave IR, thus reducing the loss of
heat at night. Conventional non-metallic paints
have good long-wave emissivity.

When not dictated by the materials and in
cases where overheating is the main problem, the
use of high reflectance surface treatment is al-
ways recommended. Not only does it reduce
transmitted solar gains, but also the surface suffers
less from degradation due to high surface tem-
peratures. Finally, in urban environments, the
higher the urban reflectance (albedo), the less the
urban heat island effect.

Low-emissivity membranes in cavities

Figure 4.7 shows the effect of improving the per-
formance of a roof by reducing the transmission
by radiation across the roof cavity or attic space
by the use of low-emissivity membranes such as
aluminium foil or aluminium-coated plastic. This
could be a low cost measure where the roof
space is accessible, but becomes increasingly less
effective when the roof is insulated conductively.

It is important to note that reflective mem-
branes are only effective in reducing transmission
by radiation, and therefore only have any bene-
ficial effect when facing a cavity. They should not
be used by laying them on top of insulation un-
less they are of the breather variety. Impervious
membranes would be likely to cause interstitial
condensation.

Thermal mass

The issues are much the same as with wall insu-
lation — that is, the effect of internal insulation is
to isolate the thermal mass from the space and
therefore remove the generally beneficial effect
of reducing peak temperatures.

This makes the externally placed roof insula-
tion (either above or below the waterproof
membrane) doubly beneficial since it not only
provides thermal mass to the interior to absorb
daytime gains, but also protects the structure
from daytime solar gains that would otherwise
be transmitted into the interior in the evening
or night.
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Cold bridges

Cold bridges are areas where structural (or other
components of non-insulating material) prevent
the application of insulation. Typically these will
be beams or joists, where insulation is placed in
the space between them. The eftects and treat-

evap. cooling from soil and transpiration

soil and
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Figure 4.8 Green roofs and roof ponds add thermal mass
and evaporative cooling to the roof but do not in
themselves provide significant insulation

ment of cold bridges has been dealt with in some
detail in Chapter 3,“Walls’, and the principles are

much the same.

4.5 Green roofs and roof ponds

Green roofs

Green roofs consist of a layer of soil or turf which
supports growing vegetation. Flat or low pitched
roofs are the commonest in new building, al-
though steeper pitched roofs can be engineered,
and are actually more common in vernacular ex-
amples.

Contrary to what is often claimed, turf (soil
and vegetation) is not good thermal insulation
compared to modern insulation materials, as il-
lustrated in Table 4.2. If it is wet — that is, in a
condition to support growth — it is very poor.
The only thermal benefit a turf roof could bring
is in the provision of thermal mass. However, for
buildings that are heated, thermal mass without
insulation is not beneficial over the year, and
once insulation is added (obviously it has to be
on the inside), the benefit of the thermal mass is
largely lost.

In a warm climate, where the mean temper-
ature is somewhere near comfort temperature,
non-insulated thermal mass may be beneficial,
especially in the roof, which receives the largest

Table 4.2 Properties of materials for green roofs compared with conventional materials

Material Conductivity Density Load (W/m*°K)kg/m?
W/m°K kg/m3 forU=1.0
wet soil 1.2 1900 2280
dry soil 0.55 1500 825
dense conc 1.6 2200 352
lightweight conc 0.4 1200 430
wood 0.125 610 76
rockwool 0.036 50 1.8
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solar impact, although it is likely that insulation
would still be the better option. A further bene-
fit may be gained by evaporative cooling,
provided there is a source of water for replenish-
ment.

If being considered for retrofit, the major
non-thermal consideration is whether the struc-
ture can take the extra load. This will rule out
the option for many lightweight constructions,
which unfortunately, stand to gain most. On the
positive side, the green roof can be seen as a re-
placement for the original vegetation that the
building replaced, and in urban areas could pro-
vide a valued recreational area, as well as
contributing to CO, absorption.

However, one important difference is that
natural vegetation has access to ground water,
whereas green roofs will have to have pumped
water supplies due to the intermittency of sup-
ply from rain, and limited storage capacity of the

turf.

Roof ponds

The roof pond is thermally one step further than
the green roof, providing a larger and more re-
sponsive thermal mass (due to the high thermal

capacity of water and its fluidity). Although it
also provides evaporative cooling, less evapora-
tion takes place from free water surface than by
transpiration from the leaves of vegetation.

The water surface 1s exposed to the cold night
sky, which can have an effective radiant temper-
ature of 10° to 15°K lower than air temperature.
The water surface has high emissivity and loses
heat, which mixes efficiently due to downward
convection. This cooled water can then be used
passively, by absorbing heat conducted through
the ceiling, or actively by a pumped circulation
to suitable emitters.

The roof pond enjoyed some fame in the US
in the 1970s, with Harold Hay’s Skytherm.
Moveable insulation protected the pond from
solar gains in the day, when the passive conduc-
tion of gains from within were absorbed by the
cool water.

Similar to the green roof, an important non-
thermal consideration is the structural support.
This may already be sufficient for short spans, but
for large spans could involve extra investment in
structural materials. Furthermore, parasitic en-
ergy used for pumping and other mechanical
operations must be evaluated.
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‘Windows are the most energy-transmissive elem-
ents in the envelope. Even the highest
performance glazing has a U-value at least five
times greater than typical insulated opaque elem-
ents. When in direct sun, windows will transmit
around 400W/m?, 40 times greater than a 20°C
temperature difference across a wall with a U-
value of 0.5W/m?2. As well as this, windows
provide useful daylight that can reduce the de-
pendence on artificial light, one of the main
energy consumers in non-domestic buildings.

It is not surprising then, that windows and
glazing have a crucial effect on building per-
formance. Refurbishment provides the
opportunity to incorporate the latest technology
for glazing materials and framing components as
well as adding to the ‘daylight system’ in the form
of shading and reflecting elements.

5.1 Glazing materials

The key characteristics of glazing are the thermal
transmittance (U-value) and the optical trans-
mittance. It is the combination of these that
affect the performance of glazing in admitting
visible daylight (and allowing views out), and at
the same time keeping the heat in, or in over-
heated climates, out. The balance of these two
characteristics should influence the designed
glazing area; increasing the area admits more
light, thus reducing the need for electric light,
but increases the heat transmission. It follows that
the area that gives the optimum energy per-
formance is dependent on the value of these two
key parameters.
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Figure 5.1 LT Curves (annual energy consumption as a
function of glazing area) for different glazing types showing
the effect on optimum glazing area

The physics of the energy balance of glazing is a
little more complex than two characteristics
alone might suggest, since heat transfer involves
radiation as well as conduction and convection,
and the transmission of radiation has a bearing
on thermal solar gain as well as useful daylight.
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Heat transmission through glazing

Figure 5.2 shows separately the processes in-
volved in the 