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Figure B1.3b: Approximate sun chart for Lismore



Appendix Bl

North East West
Eave overhang No 900 eave 3m No 900mm 3m
Construction type 450mm 900mm shading or int. pergola or | shading | eaveor | pergolaor
blind? ext. blind int. blind? | ext. blind
Timber floor
- Brick veneer and
weatherboard walls 14 18 SD® SD® SD® SD® SD® SD®
- Brick cavity walls 21 26 14 17 24 12 15 19
Concrete slab floor
- Brick veneer and
weatherboard walls 18* 224 SD® 15° 20° SD? 12° 17°
- Brick cavity walls 244 344 20 22 32 16 18 25

NOTES:

1.
2.
3.

o U A

to have a minimum window area 10% of room floor area.

Reduce area by 10% if slab floor is carpeted.
Reduce area by 30% if slab floor is carpeted.
If carpeted, summer discomfort will be experienced in rooms without additional cooling.

Table B2.2: Maximum north, east and west glass area as a percentage of room floor area

Assumes that all windows face north and are 2.1m high with the fixed overhang starting 0.3m above window head.
Assumes light coloured venetian blind.
SD = Summer discomfort will be experienced in rooms without additional cooling. Note that regulations require all habitable rooms
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A A APPLICATION
: pprox. Pprox. Flat Cathedral | Timber | Sus- .
Insulation Insulating material thickness added R ceilings | ceilings floors pended Slab Cavity F(rjam
type (mm) Value Pitched | Metal deck | Panel concrete edges malfonry € I
roofs roofs floors floor slabs wals wals
Batts Fibreglass batts 50 1.0 v v
80 1.5 v v
110 2.0 v v
145 2.5 v v
155 3.0 v v
foil faced 145 3.0 v v
Rockwool batts 65 15 v
85 2.0 v v
110 2.5 v v v
125 3.0 v v v
Sheeps wool 50 1.0 v
100 2.0 v v v
125 2.5 v v
Polyester batts 75 15 v v
100 2.0 v v v
125 2.5 v v
Blankets Fibreglass blankets 50 1.2 v v v
75 1.8 v v v
100 2.2 v v v v v
foil faced 50 2.2 v v v
75 2.7 v v v
100 3.2 v v v
Rockwool blankets 65 15 v v v
85 2.0 v v v
110 2.5 v v
Sheeps wool 50 1.2 v v
100 2.0 v v v
Boards Extruded polystyrene 25 1.0 v v v v v
30 15 v v v v v
50 2.3 v v v




APPLICATION

; Approx. Approx. Flat Cathedral | Timber | Sus- .
Insulation Insulating material thickness added R ceilings | ceilings floors pended Slab Cavity F(rjam
type (mm) Value Pitched | Metal deck | Panel concrete edges malslsonry € I

roofs roofs floors floor slabs walls walls
Boards with foil and air gap 25 15 v v v v
' 30 2.0 v v v v
(cont'd) 50 2.8 v v v
Expanded polystyrene 50 1.3 v v v v v
95 2.5 v v v
with foil and air gap 50 15 v v v v v
95 3.0 v v
Loose fill Cellulose 90 2.0 v v 1
110 2.5 v v 1
Granulated rockwool 75 1.7 v v 1 v v
100 2.2 v v 1 v v
125 2.7 v v 1 v v
Eelgrass 100 2.1-2.6 v v 1
Sheeps wool 100 max 2.7 v v 1
125 max 3.4 v v 1
Reflective Reflective foil (RFL) n/a n/a v v
Multi-cell batts 25 (1 cell) 3.01.0? v v v v
50 (2 cell) 3.715%? v v v v
75 (3 cell) 4.32.0° v v v v
Concertina batts n/a n/a v v
Building Aerated concrete 150 1.0 v solid
250 1.5 v
Concrete filled EPS forms various various solid
walls
Insulated panelling various various v v prefab | prefab
walls walls

There is a maximum slope to which loose fill insulation can be installed, which should be checked with the manufacturer.
Maximum calculated R Values for summer and winter respectively (not independently tested).

Table B5.1: Insulation types and possible applications




Appendix BIV

Area to be heated

Heater choice

(fan convection or combination radiant/convection for
standard ceiling height, radiant/natural convection for
high ceilings)

Living zones only (including
kitchens, family rooms, sitting
rooms)

One or more high efficiency space heaters

Living areas for long periods,
sleeping areas for short
periods

High efficiency space heaters for living zones
and supplementary spot heaters for sleeping
areas

Living and sleeping areas for
long periods at different times

Several high efficiency space heaters or a
zoned central system

Living and sleeping areas for
long periods at the same time

High efficiency space heaters in living zones
and heat shifters to sleeping zones, or whole
house central heating, or a combination

Bathrooms and service areas

Radiant heaters eg electric strip heaters,
infra-red lamps

Table B7.1: Heater selection guide
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Appendix BV

off peak
2-element 400
litres

heat pump 340
litres

Solar Gas Electric Instantaneous
Storage Storage Storage (gas or electric)
day rate 50-60
Low 180 litres 90-135 litres litres standard unit
demand off peak
(1-2 1l-element 250 | at least 600 litres
persons) litres per hour (25°
off peak temp rise)
2-element 250
litres
heat pump 80
litres
day rate
Average | 300-360 135-150 125-160 litres | high power, high
demand | litres litres off peak efficiency unit
(3-5 1-element
persons) 315-400 litres | at least 750 litres
off peak per hour (25°
2-element temp rise)
315-400 litres
heat pump
(day rate of off
peak) 270
litres
day rate 250
High 400+ litres | 170-260 litres high power, high
demand litres off peak efficiency unit
(5+ 1-element 400
persons) litres at least 950 litres

per hour (25°
temp rise)

Table B7.2: Guide to storage capacity of hot water units (litres)
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Appendix BVI

Lighting S
Area requirements Lamp types Luminaire type
Kitchen * high level general * fluorescent * diffused/direct (ceiling
lighting mounted, pendant or

downlights

* targeted task lighting * fluorescent or quartz ¢ direct (downlights,

halogen tracklights)
Living, * |ow level background * compact fluorescent * diffused/indirect
dining, family lighting (uplights, wall mounted
room diffusers)

* general lighting * compact fluorescent * diffused/direct (ceiling
mounted, pendant or
downlights

* targeted task lighting * compact fluorescentor | ¢ direct (spotlights,

quartz halogen downlights, portable
lamps)
Bedrooms * general lighting for general or targeted: * diffused (ceiling
and studies * incandescent for short mounted or pendant
* targeted task lighting periods, fluorescent for | * direct (adjustable wall
long periods mounted or portable)
Laundry, * general lighting for general or targeted: * diffused
bathrooms * incandescent for short
and toilet * targeted task lighting periods, fluorescent for | e direct (mirror lighting)
long periods
Hallway and | * low level background * fluorescent for long * diffused (wall, ceiling
entry lighting periods, or mounted, pendant)
incandescent for short
periods, or use with
motion sensors
Outdoor * low level background * solar, incandescent for | * diffused/direct (wall
lighting lighting occasional lighting of mounted, post mounted)
large areas, or
fluorescent for long
periods
Security * high level lighting * high density discharge | for high level and general
lighting (HID) or fluorescent lighting:
* general lighting * incandescent or quartz | ® direct (wall mounted,
halogen for use with post mounted)
motion sensors
Garages and | * general lighting for general or targeted: * diffused
workshops * incandescent for short

* targeted task lighting periods, fluorescent for | * direct (wall mounted or

long periods portable

Table B7.3: Lighting recommendations for different areas and activities
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Appendix BVII

Water efficient trees, shrubs and
ground covers

The following species of trees grow no taller than
6-8 metres and, along with the ground covers,
tolerate low-medium water.

TREES AND SHRUBS

Acacia spp. (wattle). Many species available: A.
baileyana, conferta, decora, fimbriata, florbunda,
spectabilis, vestita

Acanthus mollis (bear's breech)

Banksia spp. Again many to choose from: B.
coccinea, colling, ericifolia, grandis, integrifolia,
marginata, serrata

Baptisia australis (false indigo)

Bauhinia spp. B. alba, carronii, purpurea
Bougainvillea spp. Many colourful varieties

Callistemon spp. (bottlebrush). Many species:
C.citrinus, linearis, phoeniceus, rigidus, viminalis

Calothanmus quadrifidus (one-sided bottlebrush)
and C. villosus (woolly bottlebrush)

Cassia artemisioides, C. eremophila, phyllodenia
Casuarina spp. (she-oak). C. stricta, torulosa

Chamaerops humilis (European fan palm). Very
hardy.

Chamelaucium uncinatum (Geraldton wax)
Cistus purpureus (rock rose)
Coraderia selloana (pampas grass)

Cotoneaster spp. Try C. cornbius, lacteus,
franchetti, pannosus, salicifolius

Cytisus spp. (broom). C. albus, racemosus (cross),
scoparius

Dodonaea viscosa (hop bush)
Eremophila maculata (spotted emu, or fuchsia

bush), E. mitchellii (sandalwood), and E.
subfloccosa (poverty bush)

Eriobotrya japonica (loquat)

Eucalyptus spp. (gum, box). Over 600 species,
many too tall, but an increasing number of hybrids
which grow under 6 metres. Try E. dumosa,
erythrocorys, erythronema, ficifolia, forrestiana,
grossa, kruseana, lansdowneana, leptophylla,
nutans, torquata, woodwardii

Exocarpus cupressiformis (native cherry)
Feijoa sellowiana (pineapple guava)

Ficus carica (fig). Try 'brown turkey'

Geijera parviflora (wilga)

Genista spp (broom). G. pendula alba, lydia,
pilosa

Grevillea spp. Many to choose from: G. alpina,
banksii, baueri, caleyi, juncifolia, juniperina,
lavandulacea, noellii, rosmarinifolia, sericea,
speciosa, stenomera

Hakea spp. H. leucoptpera, lorea, multlineata,
nodosa, petiolaris, purpurea, sercea, sauveolens,
victoria

Helianthemum nummularium (sun rose)

Hibiscus spp. H. syriacus is hardiest. Also H.
mutabilis, rose-sinensis, schizopetalus

Jacksonia scopari (dogwood)
Juglans californica (walnut)

Juniperus spp (juniper). Some dwarf and prostrate
cultivars: J. communis, horizontalis

Lagerstroemia (crepe myrtle)

Leptospermum spp. (teatree). L. flavescens,
citratum, scoparium

Linum spp (flax)

Macadamia ternifolia in medium water zone
Melaleuca spp (tea tree, paperbark): M. adnata,
armillaris, erubescens, genistifolia, incana,
linariifolia, nesophila, nodosa, pulchella, squamea,
thymifolia, uncinata

Nerium oleander (oleander)
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Appendix BVII

Olea europea (olive)
Osmanthus fragrans, heterophyllus

Pittosporum crassifolium (karo) and P. undulatum
(mock orange)

Plumbago auriculata (plumbago)

Ptorea spp. Many species: P. barbigera,
compacta, cynaroides, eximia, neriifolia, nana,
repens, scolymocephala

Punica granatum (pomegranate)

Pyracantha spp. (firethorn): P. rogersiana,
coccinea, augustifolia

Rosa spp. Try R. rugosa, harisonii in dry zones,
many others in medium water zones

Tamarix aphylla (athel tree). Also T. hispida,
parviflora

Tecoma stans (yellow elder, yellow trumpet flower)
Tecomaria capensis (cape honeysuckle)

Telopea speciosissima (waratah)

Vitis spp. (grape)

Westringia (native rosemary): W. fruticosa,
rosmariniifolia

Yucca gloriosa (yucca), Y. filamentosa
SMALL PLANTS AND GROUND COVERS
Acacia redolens

Achillea spp. (yarrow)

Agapanthus spp. Not really a xerophyte, but once
established can survive on little water

Aloe spp. Succulent: A. vera, saponaria
Arctotis spp. (African daisy)

Artemisia spp. (wormwood)

Asparagus densiflorus (Myers asparagus fern)

Cactacaea family (cactus): thousands to choose
from

Carpobrotus edulis (pigface): many colourful
varieties

Centranthus ruber (Jupiter's beard, red valerian)
Cerastium tomentosum (snow-in-summer)
Cotoneaster horizontalis (rock cotoneaster)
Dietes vegeta (African iris)

Drosanthemem speciosum (dew flower)
Echinacea purpurea

Felicia amelloides (blue marguerite)
Gaillardia grandiflora (blanket flower)
Gazania spp. Many to choose from
Grevillea biternata, poorinda

Helichrysum apiculatum (everlasting)
Helinium autumnale (sneezewood)

Iris spp. Many varieities suitable for low and
medium water zones

Lampranthus roseus (ice plant). Also L. aureus,
multiradiatus

Myoporum insulare (boobialla)

Osteospermum juncundum, O. ecklonis, fruticosum
Papaver orientale (oriental poppy)

Rosmarinus officinalis (rosemary)

Rudbeckea hirta (Gloriosa daisy)

Salvia spp. (sage)

Senecio cineraria (dusty miller)

Strawberry. Hardy varieties make an excellent
ground cover

Thymus (thyme): Try T. vulgaris, praecox, arcticus

Verbena gooddingii, peruviana, rigida
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Building Material Ecological Sustainability (BES) Index

Assessing the Ecological Sustainability of Building Materials

A paper by:
W. R. Lawson, Solarch, The University of New South Wales
H. Partridge, Partridge Partners Structural Engineering

| Introduction

Late in 1994 the authors published BMAS (the Building Material Assessment
System) - a quantitative method for the assessment of the ecological sustainability
of building materials (Lawson W. R. and Partridge, H. J. 1994, 355-365). The
BMAS was based on an elementary life cycle assessment of the environmental
impacts, including resource use, energy content, pollution, waste generation and
recyclability through the procurement, use, and eventual disposal, of common
building materials.

Since that time further development of the BMAS has occurred as a resuit of
feedback and comment from material manufacturers, practising architects,
colleagues in several universities, the CSIRO and various government
instrumentalities.

This has culminated in the Building Material Ecological Sustainability (BES) INDEX.
Indices outlined in this paper represent the integration of relevant aspects of this
feedback into the assessment system. As a result BES, while retaining the basic .
character and approach of the original system, has been improved both in structure
and in terms of the data which forms the basis of the assessment.

The BES indices are designed to assist architects, engineers, other building
designers and their clients to make practical and more objective assessment of the
relative environmental impacts of building materials at the design stage, before
construction begins. The method is simple and readily understandable by non-
technical people.

Although it is based on a life cycle approach, the Australian data required to conduct
more complete and rigorous scientific Life Cycle Analysis (LCA) is not yet available
and may not be so for some time as it is costly to produce and often not published
by manufacturers. It is considered however that enough is known about the
production of building materials, their use, and final disposal to make a starton a
systematic ecological appraisal, for standing still is akin to going backwards.

The BES indices for Resource Depletion (RD) and Inherent Pollution (IP) are
relative scores or assessments, not absolute figures. Their compilation has
generated much discussion and debate and stimulated the production of additional
data. There are still some deficiencies in the present data and it is partly for this
reason that we chose to use rating scales. There is however sufficient data to make
informed comparative ratings even if the precise quantities are not known.

This Appendix: Copyright 1995 Harry Partridge and Bill Lawson
Reproduced by permission



Appendix BVIII (cont'd)

BES indices do not consider aspects of material use relating to thermal, acoustic or
other designed performance which also have environmental consequences.

Ecologically Sustainable Development (ESD)

There is still much debate about the nature of ecologically sustainable development
(ESD). While it is notable that ESD is not only about environmental protection but
also about meeting a variety of needs of people, flora and fauna and inanimate
systems, both now and in the future, it is apparent that the built environment plays a
major role which is clearly not sustainable.

It is also apparent that from the study of existing sustainable systems that they are
cyclic in nature and create little or no waste. These characteristics indicate that
sustainability of building materials will involve recycling processes far greater than
currently practiced or envisaged and in the future must result in little waste or loss
during their full life cycle.

In the BES indices the focus is on physical or material aspects of sustainability.
Economic, political and social aspects as well as the issue of bio-diversity, while
important in practice in the decision-making process, are not included.
Nevertheless, even the assessment of physical and material aspects involve value
judgements.

Value Judgments and Weightings

Once having outlined the life cycle of building materials by 16 parameters, it was
necessary to determine which of these parameters are of most significance to
ecological sustainability, and to weight them accordingly. There is likely to be a
difference of opinion, even within the scientific community (Wilson, A and Malin, N.
1995, 14-17) and also bias by particular vested interests. However, expert opinion
is a valid and recognised technique to use in such circumstances and has been
used in Canada (Environmental Research Group, 1993) with quite a small number
of contributing experts.

The weightings used in the original BMAS, determined by a survey of
environmentally aware building designers and related professionals, were modified
to accord with the new parameters. The main difficulty with the ‘expert opinion’
technique was to find a sufficient number of suitably qualified experts. Almost by
definition, experts have narrow specialised knowledge while what was required was
broad expertise.

The weightings were reviewed by panels of similar professionals. A high degree of
agreement was obtained for the weightings used.

While theoretically these weightings could be varied, for example to reflect new
scientific understanding as it emerges, in practice they have remained unaltered so
that consistency and comparability of the resuilts may be developed.

This Appendix: Copyright 1995 Harry Partridge and Bill Lawson
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Appendix BVIII (cont'd)

Building Material Assessment Parameters and Their Weighting

The BES methodology is based on 16 parameters which. describe the whole of life
environmental impact of building materials. These parameters constitute three
groups each describing a distinct aspect of ecological sustainability, namely
Resource Depletion (RD), Inherent Pollution (IP) and Embodied Energy (EE). Inthis
way, at least at this macro level, like factors are combined and the contentious issue
of adding ‘apples’ to ‘oranges’ is partly overcome. Furthermore, within some of
these groups techniques have been developed to determine equivalences between
unlike factors and hence enable their addition.

Resource Depletion (RD)

The raw or basic material is assessed on parameters A to D while E and F
are applied to the building product or component in which the material is
used. For example, aluminium in a window frame will score differently on E
and F compared to aluminium in DPC material.

mm O OoO0OwW>

Damage to the environment due to the extraction of raw materials
Extent of damage relative to the amount of material produced
Status of raw material supply

Recycled content

Maintenance required
Recyclability of Product

Inherent Pollution (IP)

The raw or basic material is assessed on parameters G1 to H2 while I, J and
K are applied to the building product or component in which the material is
used. For example, in-situ concrete and prefabricated concrete will score
differently on .

Solid waste resulting from extraction, manufacture and production
Liquid waste resulting from extraction, manufacture and production
Greenhouse gases due to extraction, manufacture and production
Toxics and particulates due to extraction, manufacture and production

Fabrication and on-site waste and packaging
Environmental impact during building use
Environmental impact at end of life

This Appendix: Copyright 1995 Harry Partridge and Bill Lawson
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Appendix BVIII (cont'd)

Embodied Energy (EE)

The embodied energy of a material or product should include the energy
consumed in the transport of the materials, equipment and labour to the site
(M) as well as the energy to place the material or product on site (N). While
the latter are significant and may be readily calculated for a specific project
they are variable and are thus omitted when conducting a general
assessment. The process energy requirement (PER) is usually 50- 80% of
the total embodied energy for a material (Baird, G. et al., 1984, 32).

L The process energy requirement (PER), i.e. the energy required to
obtain raw materials, process them and produce building material or
product, including transport between these stages.

M Transport energy

N Construction energy

The embodied energy of a material is positively correlated to the environmental
pollution liberated by using that energy. NO, and SO, are probably most familiar and
are taken into account in parameters H1 and H2. In addition, the production of
energy itself has various environmental impacts ranging from those associated with
coal mining and the consumption of a non-renewable fossil fuel, to the effects
associated with transmission lines and fuel transport: The higher the embodied
energy of the material the greater will be such effects associated with a particular
material.

Resource Depletion (RD)

A 4
B 4
Cc 4
D 2
E 2
F 2

Inherent Pollution (IP)
G1 3
G2 4
H1 3
H2 4
| 2
J 1
K 4

Embodied Energy (EE)
L 5
M 3
N 1

This Appendix: Copyright 1995 Harry Partridge and Bill Lawson
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Appendix BVIII (cont'd)

Para- Wtg Score Para- Wig Score Para-
meter w s s ws? meter w s s ws® | meter MJkg
Aluminium
A 4 4 16 64 G1 3 5 25 75 L 170
B 4 5 25 100 G2 4 5 25 100
C 4 2 4 16 H1 3 5 25 75
D 2 45 2025 40.5 H2 4 3 9 36
22.0 28.6 170
Al window frame
E 2 1 1 2 | 2 15 45 | M nc
F 2 25 625 125 |J 1 17 1 N ne
4 2 4 16
235 ' 308
BOS steel
A 4 4 16 64 G1 3 3 8 27 L 34
B 4 4 16 64 G2 4 25 25
c 4 2 4 1 H1 3 178 a8
D 2 3 9 18 H2 4 4 16 64
16.2 16.4 34
Structural steel
E 2 2 4 8 | 2 1 1 2 M nc
F 2 3 9 18 J 1 11 1 [N ne
18.8 K 4 2 4 16
18.3
Coated steel
E 2 1 1 2 | 2 1 1 2 M nc
) F 2 3 9 18 J 1 1 1 1 N nc
4 25625 25
18.2 18.2
EAF steel
A 4 2 4 16 G1 3 25625 187 |L 19
8 4 15 225 g G2 4 15 225 E9
(3 4 3 9 36 H1 3 2 4 12
D 2 1 1 2 H2 4 3 9 36
6.3 7.6 19
Reinforcing bar
E 2 1 1 2 1 2 1 1 2 M ne
F 2 3 9 18 J 1 1 1 1 N nc
K 4 2 4 16
8.3 9.5

Table 2: Calculation of BES indices (RD, IP and EE) for Aluminium and Steel

and some typical products
*nc = not calculated as values will be site specific.
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