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Why is Energy Efficiency Important

8,000 ~
7,000 -l oe oo
g 6,000
s @ 1990
=£ m 2008
L4
O 5,000 - oo
o
w
@
=
=
2
s L e
2
z
oL Lo R s
=
‘%
@
£
CH
@ 2,000 J{I-PIE - - -- o
= =
o
1,000 | M| BE-{ B[ B B { b oo/ o o
O = =1 = —
-8 2 = < S S 2 2 28 £ 8§ © 2
2= g £ s 2 S 22 3 £ 3 £ 2
= O x = — = s 5§ £ &£ © =z © o
© 3 1] 2 @ ¥ W S 6 = .%'
2 = 3
5 = 2

atechangeconnection.org/wp-content/uploads/2014/08/Global_emissions_by_country_1990-2008.jpg

Centre for Z/{E WOOd

Sustainable

== Awchitecture =7 Solutions’
s

A W Wood design and build

School of Architecture

UTAS & Design

O



Dr Mark Dewsbury

Why is Energy Efficiency Important
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Why is Energy Efficiency Important

Average Residential Electricity Tariffs Home Energy Use

(Baseline Energy Estimates, 2008) Source: yourhome.govau
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Thermal Comfort
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What contributes to thermal performance

Solar heat gain

<4 ~p Heat flow

Ventilation

e S Infiltration
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Legislation and Design
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Legislation and Design

Energy Intensity (Per Square Meter Per Annum)

Location | 5.0 Stars 6.0 Stars | % 7.0 Stars | % 8.0 Stars | %
Improvement Improvement Improvement

Broome 335 MJ/m? | 285 MJ/m? | 15% 234 MJ/m? | 18% 182 MJ/m? | 22%

Brisbane | 55 MJ/m? 43 MJ/m? 22% 34 MJ/m? 21% 25 MJ/m? 26%

Perth 89 MJ/m? 70 MJ/m? 21% 52 MJ/m? 26% 34 MJ/m? 35%

Hobart 202 MJ/m? 155 MJ/m? | 23% 113 MJ/m? | 27% 71 MJ/m? 37%

Table 1: Energy efficiency improvement per star rating

|C
o
w

School of Architecture

& Design

Centre for

E Suste.:inable ’_/é/_/ WOOd
S rchlecur 77 Solutions’
A W Wood design and build



Dr Mark Dewsbury

Legislation and Design

Location of Insulation R-Value

Sub-floor — Platform floors Upto R4.0
Sub-floor — Concrete Slab-on-ground Up to R3.0
Walls Upto R6.0
Ceiling Up to R8.0

Table 8: Potential increased levels of thermal insulation.
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Guide Stzle

4.2.1 House Location and Orientation

Siting a house is inevitably influenced by the views, and location of street frontages and neighbouring
buildings. However, a house’s orientation with respect to solar radiation, shading, breezes and room-
usage patterns has significant impact on its thermal performance. Research has shown that correct
house orientation can save up to 60% of lifetime heating and cooling costs.

General considerations:
« Siting - locate the house to capture available cooling breezes, especially in warmer climates.

* Layout - position living spaces where they will benefit from solar heat gain when heating is \\ a
needed and where solar gain can be minimised when cooling is required. ,ﬂ

* Maximise daylight - use natural daylight to limit the need for energy-consuming electrical lighting.
In some countries, regulations mandate no place within a room is to be more than 6 metres from
an opening window.

* Passive solar heating - use solar heat for warmth wherever possible.
* Natural shade - use natural shade wherever possible and avoid exposure to the afternoon sun.
* Indoor-outdoor living - couple living areas with shaded outdoor spaces for summer.

* Capturing cooling breezes - allow the capture of breezes to provide an efficient and natural
way to cool buildings and occupants in all climates.

* Eastern moming sun - use for warmth on cold mornings when appropriate.
* Northern sun - control exposure to the northern sun for the best orientation for solar heating.
* Western afternoon sun - limit this exposure; it is undesirable in most climate zones.

* Controlled shade - carefully design shading to allow warming sun in cooler months while
excluding it during warmer months.
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Climate specific considerations:
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Guide Stzle

Zones 3 and 4
Hot and dry

Zones 1 and 2
Hot and humid

Zones 7 and 8
Cool temperate
and cold climates

Zones 5 and 6
Temperate

« Orientation - position the house to make the most
of cooling breezes and shade it from unwanted solar
radiation.

* Breeze - focus on capturing breeze for living spaces
in the afternoon and evening.

» Western sun - limit exposure to western sunlight. It

is difficult to control throughout the year due to its low
altitude and overheating of western facades can render
the house uncomfortably hot well into the night.

» Southem aspect - use the southern aspect to create
well-ventilated internal or external spaces on the south
side of the building. These can make useful cool
refuges.

« Orientation - position the house to promote use
of solar passive design principles.

« Layout - position living spaces to the north for
winter sun.

» Cold winds - block cold winds that will generate
drafts inside the house. These drafts are a problem for
efficient thermal performance in temperate and cool
climates. Protection from cold winds by vegetation or
built screens is desirable.

 Eastern sun - use morning sun to provide warmth
and physiological benefits.

» Southern aspect - avoid using this aspect for
habitable spaces as it generally gets no exposure to
sunlight.

» Eastem sun —

give thought to this
exposure — early
summer sun can cause
overheating.

» Solar passive design
—orientate the house

to assist solar passive
design principles.

 Eastern sun — consider
making use of the eastern
sun — it may be wanted on
winter mornings.

» Northern sun -
position living spaces to
the north but with access
to cooling breezes,
especially in summer.

» Northemn sun - position
living spaces to the north
and spaces likely to be
used in the morning to the
north or east.

*Avoid cold winds -
limit exposure to cold
winter winds.
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Kex strategies for design and construction

Straight and short
services pipes and ducts

Roof
— Appropriate
space LS
deps o ' N 4 natural
8 O ventilation
Adequate
Efficient insulation
windows

and doors
Infilration and

exfiltration &
Moisture barriers

Efficient and correctly Sealed combustion
sized equipment heating

Envelope
shading
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Solar Access — Yes or No

LAJ
Living Kitchen
r—
i
Garage Bathroom" Bed 2
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Solar Access — Yes or No

AM
W North-south running block.
L4 ’e ’l I ' I§ s i
ki) A A house design running east-west allows good northern

sun exposure to half the house.

= A

East-west running block.
If a house is to face the street rather than run the length of
the block, maximising solar control can be more difficult.

_d

T

|

Centre for /é{— WOOd

School of Architecture —& M Sustainable

& Design ST T i ecture % Solutions

CS AW wood design and build



Dr Mark Dewsbury

Ventilation

Ventilation of buildings

Positive Negative

Single openings don’t benefit from
cross ventilation.

Figure 15: Wind pressures on buildings.
Wind creates differential air pressures on the windward and leeward sides of the house.

Double-loaded hallways limit cross Single-loaded hallways increase the Adjacent openings don’t promote
ventilation - consider roof windows. potential for cross ventilation. cross ventilation.
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The Built Envelope

'\{ rl;«'- led combustion
eating
Structural moisture control
Vapour management il W
Air tightness
Insulation e

windows, doors &
floor penetrations

-
I\

Garage Living room
(un-conditioned) | (conditioned)

|

Insulation

Wrap (
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Building wrappin

A: Window unit

B: Sealant between
window and frame

C: Reinforcing to protect
wrap at openings

D: wrap folded around and
fixed to inside of frame.
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\Vapour management

Foil-faced insulation

Vapour Vapour Vapour Vapour
impermeable semi-impermeable semi-permeable permeable
Polyethylene Oil-based paints Plywood Unpainted paper-faced

. . : plasterboard
Vinyl Some vinyl wall Particleboard .
Glass coverings Eosiisriines Unpélnted F)Iaster

. : Extruded polystyrene .. Bulk insulation such as

Aluminium foil . e Most plastic paints rock-wool, glass-wool
Sheet metal in%ﬁfg{igﬁe N and polyester

Cellulose insulation
Timber

Clay bricks
Concrete blocks

School of Architecture

& Design

CSAW

Centre for
Sustainable
Architecture
with

Wood

Z\Nood
=7 Solutions’

design and build



Climate specific considerations — showing vapour travel direction:

Zones 1 and 2
Hot and humid

Zones 3and 4
Hot and dry

Zones 5 and 6
Temperate

Zones 7 and 8
Cool temperate
and cold climates

* Refrigerated A/C
— this creates dryer
internal conditions,
therefore adopt
impermeable wrap to
avoid moister ingress

* Cooling system — if
evaporative cooling is
used adopt a vapour
permeable system

 Vapour reversal

— adopt a vapour
permeable system
in this climate due to
frequent reversal of
vapour pressure

» Walls — generally can
be permeable

* Ceilings — constant
vapour migration

into roof spaces can
cause rapid decay of
structure. Application-
specific permeability
requirements should
be confirmed with wrap
manufacturers

General direction of vapour flow

* inward

* both directions

both directions

both directions

When heating is in use

= N/A * outward * outward » outward
Refrigerated air-conditioning

e inward e inward e inward * inward
Evaporative cooler

= N/A * outward * outward * outward

Be sure to consult a suitable manufacturer about the building wrap system for your house in your climate
with your heating and/or cooling system.
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\Vapour management
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Insulation

Material

Thermal Resistance
R-value (m.k)/W

General fabric materials
Aluminium 0.000
Steel 0.002
Glass 0.004
Paper Faced Plasterboard | 0.063
Clay Brick Extruded 0.179
Timber — Hardwood 0.523
Timber — Softwood 0.818
Insulation products

Glass Wool Insulation 2.045
Expanded Polystyrene 2.308
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Envelope insulation & thermal bridging

Very low Low R-Value
R-value glass timber

Interior
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T
RO Of S p a Ce Sheat metal roofing
D S E:;[(egt:gsard Truss top chord or rafter I
eS I g n Roof fixing batten
\ Roof sarking
Reflecting S installed under
} , b
heat inward T rans
“igure 61: Reflective insulation in the roof Figure 62: Alternate roof sarking detail.
leflecting internal and external heat. Sarking under rather over battens allows
condensation to form outside the roof space
rather than inside it.
~—~ g > Roof vent ch el
Vented —
eaves eaves
I
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Windows
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-~ pose —_—
SHGC= 64 SHGC= 82 SHGC= 42
48%
B::w -~ L\\\‘\ i Typlcal visbie \ 52% I‘r::?' visible e
TRANS= 66 \ ;g:w 44 43% £ TRANS® 63 -
o N - Typia , S Typical -
i - 89% AL 51 N ]\\\. . CVALLER 40 Ny 40%
251%
Clear Single Glazed Clear Double Glazed Low E Double Glazed
(low-emissivity emits less heat)
‘igure 65: Heat flow through glazing.
Frame Type Conductivity Value
Aluminium 8.0-12.0
Thermally broken aluminium 19-35
UPVC 20-40
Timber — aluminium composite 25-10.0
Timber 20-30

“igure 66: Conductivity values for different frame types

School of Architecture
& Design

ex Centre for
o Sustainable
= = Architecture
we ww with

Z Wood

Solutions

design and build

V



Dr Mark Dewsbury

T h e rm a I Harnessing warmth of day for warmer nights
—_—
Mass

Daytime heat absorption Night-time heat release

Harnessing cool of night for cooler days

Night-time heat release
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Thermal Mass
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Material Density Specific Heat | Thermal

Kg/m? J/(kg.K) Capacitance
kd/m.K (1m?)

Air 0 1 0

Glass wool insulation 12 840 10

Paper faced plasterboard (6.8kg/m?) 680 1090 741

Softwood (pine) 500 1630 815

Hardwood (Euc. Obliqua) 780 1630 1271

Clay brick extruded 1700 800 1360

Concrete 2300 840 1932

Aluminium 2700 877 2367

Steel (AISE-SAE 1020) 7860 490 3851

Table 16: Thermal capacitance values for common building materials.
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Ducted sttems

Inefficient ducting

More effi v Roof space \f
erlaid insulation

oV

Duct ]
L AU
/\ Interior /\
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Case Studies

Bed 4
d J
Kitchen

Bath,
— Ll
wic -, Dining I
| ,__L,d,y_,l Family

Studyg» Entry |LOUNGE Iﬂ F?s'

4

Bed 1

Non-Conditioned '
Conditioned @ Non-Conditioned

Conditioned @
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Platform Floored Hobart 7000 Melbourne 3053 Adelaide 5000 Alice Springs 870 Brisbane 4000 Broome 6725
Case Study House MJ/m?.annum MJ/m2.annum MJ/m2annum MJ/mz.annum MJ/me.annum MJ/me.annum
Star Heating | Cooling | Tatal Star Heating | Cooling | Total Star Heating | Cooling | Total Star Heating | Cooling | Tetal Star Heating | Coding | Total Star Heating | Cooling | Total
Rating Rating Rating Rating Rating Rating
Base Design, carpet, R1.0 subfloor 54 167.5 | 138 | 1813 | 5.1 106.0 | 40.7 | 146.7 | 4.7 629 | 747 |137.6 |41 33.0 |158.8 | 191.8 | 3.2 148 | 762 | 91.0 |39 0.1 390.4 | 3905
insulation, no eaves
Base Design + 90deg change of orientation | 5.0 1855 | 150 | 2005 | 4.8 177 | 422 | 1599 | 44 695 | 778 |1473 |36 407 | 183 | 2230 |29 183 | 842 | 1025 | 36 04 4105 | 4109
fo West
Base Design + 270d2g change of 52 180.7 | 9.0 1897 | 48 1130 | 450 | 1580 | 4.4 66.0 |822 |1482 |36 R7T | 1866 | 2193 | 27 154 | 912 | 1066 | 35 0.1 4135 | 2136
orientation to East
Base Design + 450 Eaves 53 1818 | 65 1883 | 5.1 116.2 | 301 | 1463 | 4.9 694 | 590 |1284 |46 3%.3 | 1303 | 1666 |39 168 | 570 | 738 |48 0.1 3454 | 3455
Base Design + 600 Eaves 52 1868 | 4.8 1916 | 5.1 195 | 271 | 1466 | 4.9 7.7 545 |1262 |47 375 | 1280 | 1605 | 41 176 | 511 | 686 |50 0.1 3342 | 3343
Base Design + 1800 Shade 46 219.0 | 1.9 2209 |47 141.6 | 19.7 | 1613 | 4.9 873 | 413 | 128.6 | 49 481 1003 | 1484 | 45 229 | 386 |61.5 |59 0.2 288.6 | 288.8
Base Design no recessed i 152.6 | 141 | 1667 | 5.4 96.1 | 401 [ 136.2 | 49 561 [ 73.7 |129.8 | 4.2 2.9 |157.8 | 186.7 | 3.4 128 | 740 | 868 |45 0.1 358.6 | 358.7
down lights
Base Design + R2.5 Insulation 57 1542 [ 150 | 1692 |52 988 | 438 | 1426 |47 596 775 (1371 |40 27 | 1633 | 1%.0 |31 144 [ 805 |[949 |39 0.1 3912 [ 3913
fo entire floor
Base Design + 56 1606 | 133 | 1739 |52 1015 | 401 | 1416 | 48 599 (732 (1331 |42 314 | 154 | 1868 |33 141 [ 756 |[89.7 |40 0.1 3864 | 386.5
R 2.5 wall insulation
Base Design + 87 15%6.6 | 133 | 1699 |53 984 | 390 | 1374 |49 574 (702 (1276 |43 20 | 1492 | 1782 |33 128 [ 758 | 886 |41 0.0 3824 | 3824
R8 ceiling insulation
Base Design + 5.4 167.4 | 138 1812 | 5.1 106.0 | 40.4 146.4 | 4.7 62.8 74.5 137.3 | 41 329 158.9 [ 191.8 | 3.2 14.8 76.7 91.5 39 0.1 391.5 | 391.6
door to air lock
Base Design + Tiles todining, loungeand | 5.3 176.3 | 108 | 187.1 | 5.0 112.2 | 36.0 | 148.2 | 4.8 66.3 | 671 |133.4 |44 344 | 1424 | 1768 | 35 156 | 671 | 827 |42 0.1 375.3 | 375.4
hall floors
Base Design + additional windows for 47 187.3 | 300 | 2173 | 43 191 | 611 | 180.2 | 3.7 729 (1082 [181.1 |31 01 | 2253 | 2644 |19 17.7 [ 1223 | 1400 | 26 02 4801 | 480.3
cross ventilation (up to 16% floor area)
Base Design + additional windows for 43 2313 | 35 2408 | 43 1542 | 261 | 1803 | 4.3 9.3 |542 |1505 |42 536 | 1308 | 1844 |39 254 | 465 | 719 |51 03 3293 | 3296
cross ventilation (up to 16% floor area)
+ 1800 Shade
Base Design + double glazing to living, 58 156.6 | 102 | 1658 | 54 97.6 | 347 | 1323 | 51 575 |[643 [121.8 |45 305 | 1385 | 1690 |37 134 [ 652 | 786 |44 0.1 361.8 | 361.9
dining and kitchen
Base Design + double glazing 59 1471 | 101 | 1572 | 5.6 923 | 338 [ 1261 |53 539 [622 |116.1 |47 7.8 | 1321 | 1509 |37 123 | 655 |77.8 |46 0.1 356.4 | 356.5
to all ooms
Base Design + added thermal mass 56 160.9 | 9.9 1708 | 54 1011 | 328 | 1339 |52 554 638 |119.2 |49 2.6 | 1254 | 140.0 | 3.7 9.9 674 | 773 |42 0.0 376.9 | 376.9
to internal walls of northern moms
Base Design + addedthermal mass 54 1693 | 99 1792 | 53 1064 | 315 | 1379 | 5.2 582 | 614 | 1196 | 5.1 3.7 1194 | 1431 | 34 102 | 740 | 842 |41 00 3833 | 3833
to internal walls of all moms
Base Design + added thermal mass 58 1514 | 120 | 1634 | 55 939 | 359 |1298 |52 527 | 672 | 1199 |45 4.3 | 1439 | 168.2 | 36 101 | 701 | 802 |42 0.0 376.0 | 376.0
to Floor (mass timber)
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