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Appendix I

Sustainability

Part 1 – Sustainability Assessment Methodology

The sustainability of Eco-Block Wall System has been assessed in accordance with the ENVIROSPEC Protocol. The purpose of this Protocol is to define practical methodologies for classifying building products, such that their contribution to sustainability is easily identifiable. For purposes of this Protocol, sustainability is taken as those properties that lead to:
· Reduction in green-house gas generation, which causes global warming;

· Reduction in the use of non-renewable resources upon which our society depends; and

· Reduction in land, water or air pollution or degradation, which alienates the use of these resources.

It is recognised that the comparison of comprehensive life cycle analyses, prepared for competing products, is the most equitable basis of selecting sustainable products. However, comprehensive life cycle analyses are controversial, because they involve numerous assumptions regarding the manufacture, transport, construction, demolition and re-use of the building products; and assumptions regarding their in-service performance.

To date, Building Regulations have concentrated on only some aspects of in-service performance (e.g. specifying levels of insulation to achieve desired energy minimisation). The process of preparing such regulations has highlighted the problems in assessing the in-service performance of various products in various applications. (e.g. Differing thermal resistance and thermal mass of various building products will contribute differently to energy minimisation in different climates and different building types.) 

Reflecting the current approach of building regulators, Part 2 of this Protocol considers the special circumstances of in-service performance criteria, in isolation from the other life-cycle considerations.  It deals with the effects of a building product on the sustainable operation of the building into which it is built, in the context of what is both common practice and what is permissible under the Building Regulations. It provides for:

· Collection of data for subsequent use in life-cycle analysis; and

· Methods of classifying building products by their in-service effect in specific applications.

Once in-service data is gathered by the methods described in Part 2, it may be used as one of the inputs into a comprehensive life-cycle analysis used to produce Environmental Declarations. Such declarations should account for the sustainability impacts of the manufacture, transport, construction, demolition and re-use of building products, together with their in-service performance. They should comply with ISO/DIS 21930 as described in Part 1 of the Protocol. The following extracts from ISO/DIS 21930 provide context for Environmental Declarations in accordance with Part 1 of the Protocol.

If possible, Type III declarations for building products should account for all life cycle stages of the product. Omissions of life cycle stages shall be justified. Where not all the necessary information is available, the PCR shall state those stages that are to be addressed and how to deal with information gaps. The declarations may be based on generic data, as defined in the PCR.

Environmental impacts, e.g. energy and materials used, resulting from the installation of the building product in the building shall be identified and included in the report. If it is not included, because data is not available, this fact shall be stated.

Part 2 - Embodied Energy and Heating and Cooling Energy Associated with Eco-Block Wall System in Australian Buildings - Housing

Background

The BCA (Building Code of Australia) sets out the performance requirements for energy saving in Australian buildings
, and some DTS (deemed-to-satisfy) forms of construction. Both the performance requirements and the DTS provisions are based on minimising heating and cooling energy, and do not give requirements for minimising the embodied energy used to manufacture the building components.

Scope

This Appendix provides estimates of the embodied energy used to manufacture Eco-Block Wall System wall systems, and compares it to a selected benchmark (clay masonry veneer), commonly used in Australian housing. From this data, the savings in embodied energy to change from the benchmark system to Eco-Block Wall System can be calculated, and this information can be expressed as a percentage of the heating and cooling energy over the life of the house.

Form of Construction

Eco-Block Wall System is often constructed as single-leaf with roof overhangs. 
Limitations

This is a preliminary study based on a limited amount of information, and should be augmented by a more comprehensive study. It does not consider credits for reuse of materials during the final demolition. Nor does it include painting and maintenance of non-face-brick components.

Analysis

· Table 1 shows the embodied energy of various external wall systems, including clay masonry veneer, Eco-Block Wall System single leaf and Eco-Block Wall System veneer. Embodied energy values are expressed as MJ/m2 of wall area.

· Table 2 shows the embodied energy saving to change construction from clay brick veneer to Eco-Block Wall System single leaf or Eco-Block Wall System veneer.

Conclusions
· Table 1 shows that the embodied energies of Eco-Block Wall System Single Leaf wall system consumes ######### embodied energy than the selected benchmark construction (clay masonry veneer).

· Table 2 shows that the small changes (positive or negative) in embodied energy, resulting from changing construction from the clay brick veneer benchmark to Eco-Block Wall System, are ######### when compared with the target operational 5 Star heating and cooling energy expended over the life of the building.

	Table 1 - Embodied Energy of Various Wall Systems


	Climate Zone
	Embodied Energy  MJ/m2 wall

	
	Clay Masonry Veneer
	Eco-Block Wall System Single Leaf
	Eco-Block Wall System Veneer

	1 Hot humid warm winter
	590
	#
	#

	2 Warm humid summer, mild winter 
	590
	#
	#

	3 Hot dry summer warm winter
	590
	#
	#

	4 Hot dry, cool winter
	590
	#
	#

	5 Warm temperate
	590
	#
	#

	6 Mild temperate
	590
	#
	#

	7 Cool temperate
	590
	#
	#

	8 Alpine area
	610
	#
	#

	Notes:

1. The insulation of all systems is in accordance with the BCA-2006 Volume 2 requirements and the corresponding Deemed-to-Satisfy details. 

2. Tabulated values are the sum of the embodied energies of the principal components making up the wall.


	Table 2 - Embodied Energy Saving to Change Construction

From Clay Brick Veneer To Eco-Block Wall System Single Leaf or Eco-Block Wall System Veneer


	Climate Zone
	5 Star Heating & Cooling Energy

(MJ/m2 wall over life)
	Embodied Energy Reduction, 
if construction is changed 
from Clay Masonry Veneer to Eco-Block Wall System

	
	
	MJ/m2 wall
	% of Heating & Cooling Energy over life of building)

	
	
	Eco-Block Wall System #
	Eco-Block Wall System #

	1 Hot humid warm winter
	24,624
	#
	#

	2 Warm humid summer mild winter
	6,926
	#
	#

	3 Hot dry summer, warm winter
	10,004
	#
	#

	4 Hot dry, cool winter
	12,697
	#
	#

	5 Warm temperate
	8,465
	#
	#

	6 Mild temperate
	14,236
	#
	#

	7 Cool temperate
	19,238
	#
	#

	8 Alpine area
	16,545
	#
	#

	Notes:

The insulation of all systems is in accordance with the Draft BCA-2006 Volume 2 requirements and the corresponding Deemed-to-Satisfy details. 
Positive values in this table indicate that the particular system (Eco-Block Wall System Single Leaf) has consumed more embodied energy than the corresponding clay masonry veneer system.

Negative values in this table indicate that the particular system (Eco-Block Wall System Veneer) has consumed less embodied energy than the corresponding clay masonry veneer system.


 Methodology

The methodology employed herein is as follows. For a range of common Australian house building components in each Climate Zone: 

1. From published data, determine the embodied energy per unit mass of common building components.

2. Determine the mass and embodied energy of each selected component and its most common alternatives 

· Eco-Block Wall System single leaf wall

· Eco-Block Wall System veneer wall

· Clay brick veneer wall (benchmark construction)

3. Determine the embodied energy difference, to change to the principal component from the benchmark form of construction.

4. Using the ABCB Protocol energy software, determine the target heating and cooling energy consumption for each relevant location. 

5. Compare the embodied energy difference (to change from the principal component to the alternative form of construction) to target 5 star heating and cooling energy consumption.
 

Criterion:     “    have lower embodied energy than commonly available alternatives.”
Benchmark
For external walls, the “commonly used alternatives” referred to in this statement are:

Clay masonry veneer walls, consisting of 230 x 76 x 110 mm extruded clay bricks, set in 1:1:6 mortar, supported by 70 mm MGP10 timber stud wall, with 10 mm plasterboard lining and incorporating bulk insulation nominated in BCA Volume 2 Part 3.12.
	Climate Zone
	Embodied Energy  (MJ/m2 wall) for Clay Masonry Veneer

	1 Hot humid warm winter
	590

	2 Warm humid summer, mild winter 
	590

	3 Hot dry summer, warm winter
	590

	4 Hot dry, cool winter
	590

	5 Warm temperate
	590

	6 Mild temperate
	590

	7 Cool temperate
	590

	8 Alpine area
	610


Compliance:

Compliance with this criterion shall be substantiated by evidence that the product has Embodied Energy less than the benchmark clay masonry veneer walls.

Eco-Block Wall System Manufacturing Process

The manufacturing process consists of the following:

· #####.

Embodied energy per unit mass of common building components

The embodied energy of particular building materials depends in part on the country of origin and the process involved in manufacture. There are many sources of information on embodied energy of materials, some of which are available on the Internet. The following have been chosen for use in this report.

	Estimated Embodied Energy of Common Building Components



	Material
	Approximate

Density, kg/m3
	Embodied Energy 1  MJ/kg
	Embodied Energy  MJ/ m3

	Eco-Block Wall System blocks 
	###
	###  Note 3
	###

	Brick (clay)
	1,700
	2.5 Note 1, 2
	4,250

	Concrete 
	2,360
	1.9
	4,480

	Plasterboard
	880
	6.1
	5,368

	Kiln dried, dressed timber
	510
	2.5
	1,280

	Fibreglass Insulation
	18
	30.3
	550

	Polystyrene Insulation
	16
	117
	1,870

	Sand & aggregate
	1,700
	0.8
	1,360

	Cement
	1,500
	5.6
	


Notes
1.
For consistency of comparisons, the values of embodied energy per unit mass of common building components have all been drawn from a common source. This is considered to be the most appropriate approach, notwithstanding that the use of energy in the manufacture of products varies from plant to plant. 

Typical Relationship between Net Area of External Wall and Floor Area of Habitable Rooms

The values tabulated below are the prescribed limits on energy consumption for the total of heating and cooling per unit floor area of habitable room. This area is different from the net area of external wall (which incorporates the wall embodied energy).

The relationship between net area of external wall and floor area of habitable rooms depends on the building dimensions, window and door areas, proportion of habitable to non-habitable rooms and height of sub-floor. The relationship could also vary a little depending on whether the house is one or two storey, although this effect is minor provided suitable adjustment to the other inputs is made. 

The following calculations determine a typical relationship between net area of external wall and floor area of habitable rooms, and will be used in subsequent calculations. 
	Typical Relationship Between

Net Area of External Wall and Floor Area of Habitable Rooms



	Length
	15.0
	m

	Width
	10.0
	m

	Floor to ceiling height
	2.4
	m

	Subfloor height
	0.3
	m

	Total wall height
	2.7
	m

	Proportion habitable floor
	15%
	

	Windows & door area (Including jambs, sill etc)
	36
	m2

	Internal gross wall area (including windows & doors)
	120
	m2

	(Windows + doors) / Wall
	30%
	

	Net external wall area (based on total wall height)
	99
	m2

	Habitable floor area
	128
	m2

	Net external wall area / Habitable floor area
	77%
	


Target 5 Star Heating and Cooling Energy Consumption

	Target Heating and Cooling Energy to Achieve 5 Star Performance

MJ/m2 based on  Habitable Floor Area



	Zone
	Representative City
	5 Star Annual Energy Limit

MJ/m2
	5 Star Lifetime Energy Limit

MJ/m2

	1 Hot humid warm winter
	Darwin
	1
	320
	19,200

	2 Warm humid summer, mild winter 
	Brisbane
	10
	90
	5,400

	3 Hot dry summer, warm winter
	Alice Springs
	6
	130
	7,800

	4 Hot dry, cool winter
	Tamworth
	14
	165
	9,900

	5 Warm temperate
	Sydney (East)
	17
	110
	6,600

	6 Mild temperate
	Melbourne
	21
	185
	11,100

	7 Cool temperate
	Hobart
	25
	250
	15,000

	8 Alpine area
	Alpine
	26
	215
	12,900

	Notes

1. Annual energy limit from ABCB Protocol Building Energy Analysis Software Version 2005.1 May 2005.

2. The energy consumption values are total of heating and cooling per unit floor area of habitable rooms.

3. Lifetime energy limit is based on 60 years building life.


	Target Heating and Cooling Energy to Achieve 3 or 5 Star Performance

MJ/m2 based on  Net External Wall Area



	Zone
	Representative City
	5 Star Annual Energy Limit

MJ/m2
	5 Star Lifetime Energy Limit

MJ/m2

	1 Hot humid warm winter
	Darwin
	1
	410
	24,624

	2 Warm humid summer, mild winter 
	Brisbane
	10
	115
	6,926

	3 Hot dry summer, warm winter
	Alice Springs
	6
	167
	10,004

	4 Hot dry, cool winter
	Tamworth
	14
	212
	12,697

	5 Warm temperate
	Sydney (East)
	17
	141
	8,465

	6 Mild temperate
	Melbourne
	21
	237
	14,236

	7 Cool temperate
	Hobart
	25
	321
	19,238

	8 Alpine area
	Alpine
	26
	276
	16,545

	Notes

1. Annual energy limit from ABCB Protocol for Building Energy Analysis Software Version 2005.1 May 2005.

2. The energy consumption values are total of heating and cooling per unit net external wall area of habitable rooms.

3. Lifetime energy limit is based on 60 years building life.
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Copyright & Licence

© Quasar Management Services Pty Ltd. All rights are reserved. A licence for the unlimited use of this material is granted to Eco-Block Australia. Permission is also granted to Architects, Engineers and Builders to use this material in the preparation of specific designs, specification and contracts. 
Electronic Blueprint is the principal point of reference for Architects, Engineers and Builders and the only package that fully integrates regulatory and standards requirements with comprehensive, editable specifications, CAD details and approved industry training.





Quasar Management Services Pty Ltd


ABN 21 003 954 210   Inc in NSW  	





ABN 31 088 338 532        Inc in NSW


 � HYPERLINK "http://www.designdetaildeliver.com.au" ��www.electronicblueprint.com.au�     


� HYPERLINK "mailto:info@electronicblueprint.com.au" ��info@electronicblueprint.com.au�





This manual has been prepared for Eco-Block Australia by Electronic Blueprint, based on engineering input by Quasar Management Services Pty Ltd. For further technical assistance, please contact � HYPERLINK "http://www.electronicblueprint.com.au" �www.electronicblueprint.com.au� .
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� In this Appendix, the comparisons are made for housing complying with BCA Volume 2.


� A more sophisticated approach is to analyse each house design using conforming software (e.g. AccuRATE). However the approach used in this paper is considered to be more appropriate for comparing embodied energies, since most houses will suffer various limitations of site orientation, shading etc. and will probably only “just” achieve the required energy consumption defined in the ABCB Protocol. 





� The “savings” are expressed as a percentage of the Heating and Cooling energy, calculated using the ABCB Protocol for House Energy Rating Software Version 2006.1.





� The calculated values for embodied energy are considered to be very low proportions of heating and cooling energy.  Total life-cycle energy of a house is much higher (7 to 8 times higher) than the heating and cooling energy. If embodied energy saving were treated as a proportion of total life-cycle energy rather than of heating and cooling energy, the proportions would go from very small to insignificant. This suggests that there are far more significant savings in energy and greenhouse gas emissions to be made through controlling house operational energy (appliances etc) than by attempting to control embodied energy of the building fabric.
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