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‘ An Introduction to Building With Purpose

By 2050, the number of buildings globally is expected to double as
the human population approaches 10 billion. Even before a building Is
occupied, its emissions will be responsible for half the entire carbon
footprintofthe new construction (World Green Bullding Council, 2019).
Builders, as well as owners, play a crucial role in addressing this climate
crisis by adapting to green, sustainable design and construction.

According to the United Nations (UN), CO, emissions from buildings
and construction have reached a new high, putting the sector off
track to decarbonise by 2050 (UNEP, 2022). While there has been a
slight decrease in the level of emissions and energy use, the growth in
the building sector is outpacing efforts to improve energy efficiency,
mMmaking It an urgent area for action and investment. Using energy-

and construction involves the development of systems and products
that minimise their carbon footprint throughout their entire life cycle.

ENHRIVE

]J

efficient materialsisjust one aspect of green design. Sustainable design . i o2

11 Aacomures

N7

/ i A?-W.‘s‘:\ll ‘ =]

: A
- '.s\
ot -"v‘
T 5 g h [V gnia’ >
1] o
: v

F/gure J. The number of buildings Is expecteo’ to o’oub/e by 2050.
Source: Pexels
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https://worldgbc.org/advancing-net-zero/embodied-carbon/
https://www.unep.org/news-and-stories/press-release/co2-emissions-buildings-and-construction-hit-new-high-leaving-sector
https://blog.strive2thrive.earth/green-future-african-ideas-for-a-sustainable-city/
https://blog.strive2thrive.earth/6-ways-to-reduce-our-carbon-footprint/
https://nepis.epa.gov/Exe/ZyPDF.cgi/P1000L86.PDF?Dockey=P1000L86.PDF
https://www.pexels.com/photo/cityscape-with-modern-skyscrapers-and-buildings-2521551/

‘ Background

As people become more concerned about the environment and climate
change, there has been an increased emphasis on the process by
which new structures are commissioned and constructed, particularly
regarding the amount of energy and resources they consume (Havles
& Kooloos, 2005).

The fact that industries related to transportation, building, and
construction are the biggest contributors to climate change is an
undeniable and unchangeable reality. Buildings are responsible for:

« 35% of global energy consumption (UNEP, 2020)
« 40% of all raw materials (Bonoli et al, 2021)
« 50% of global greenhouse emissions (Bonoli et al, 2021)

Around one-third of all waste produced annually in the European Union
(EU) comes from construction and demolition alone. Increased energy
oerformance is one of the most appealing benefits of investing In

sustainable construction. Florida’s UTC Center for Intelligent Buildings
IS @ prime example; they have removed 988 tons of greenhouse gases

annually by using 60% less energy (Dodge Data & Analvtics, 2018).

‘ What is Green Building?

A green bulldingis a built environmental space that considers its impact
on both the environment and the people who use it. This means that
the building’s operation, design, and construction will generally place
a strong emphasis on minimising Its environmental impact through
the use of sustainable building materials, high-efficiency energy and
water use, reduced waste, and various other measures. The entire life
cvcle of a building is taken into account in this green construction
method, including siting, design, construction, operation, maintenance,
renovation, and demolition.

Comprehensive rating systems that certify green buildings, such as
LEED, Living Building Challenge, and the Green Building Initiative (GBI),
mMmeasure the building’s energy efficiency and sustainability according
to a number of criteria that define what makes a building green.

However, measuring the greenness of a building is a complex process.
While none of the above rating systems are necessarily a perfect
assessment ofabuilding’s performance, some measurementis certainly
betterthannone,and movingtoahigher performanceratingisessential.
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Figure 2. Green buildings Cons/der Its Impact on both people and the environment.
Source: Pexels
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https://blog.strive2thrive.earth/australias-stance-on-climate-change-2/
https://blog.strive2thrive.earth/australias-stance-on-climate-change-2/
https://blog.strive2thrive.earth/is-solar-pv-the-energy-of-the-future/
https://www.researchgate.net/publication/228350441_The_challenges_and_opportunities_for_sustainable_building_practices
https://www.researchgate.net/publication/228350441_The_challenges_and_opportunities_for_sustainable_building_practices
https://wedocs.unep.org/20.500.11822/34572
https://doi.org/10.3390/su13042139
https://doi.org/10.3390/su13042139
https://citychangers.org/the-case-for-sustainable-construction/
https://citychangers.org/the-case-for-sustainable-construction/
https://blog.strive2thrive.earth/greenhouse-gases-is-it-just-a-lot-of-hot-air/
https://worldgbc.org/wp-content/uploads/2022/03/World-Green-Building-Trends-2018-SMR-FINAL-10-11.pdf
https://www.svmcommercialclean.com/facilities-management/what-is-a-green-building-and-how-to-become-one/
https://www.usiinc.com/blog/environment/why-green-building-is-so-important/
https://blog.strive2thrive.earth/energy-efficiency-ratings-what-do-they-all-mean/
https://blog.strive2thrive.earth/15-tips-and-tricks-to-save-water-at-home/
https://blog.strive2thrive.earth/doing-more-with-less-overconsumption/
https://greenbuildingcanada.ca/green-building-guide/life-cycle-assessment-lca/
https://greenbuildingcanada.ca/green-building-guide/life-cycle-assessment-lca/
https://www.usgbc.org/leed
https://blog.strive2thrive.earth/the-living-buildings-challenge-driving-sustainable-cities/
https://thegbi.org/green-building-standards/
https://greenbuildingcanada.ca/green-building-guide/what-is-green-building/
https://www.pexels.com/photo/low-angle-photography-of-high-rise-building-305833/

‘ Why Building With Purpose Matters ‘ Environmental Issues in Construction

Energy efficiency has recently become more and more critical to Some only consider the evaluation of product waste disposal without
professionals across numerous industries. Studies show that the long- takingtheenvironmentalimpact of constructionand product life cycles
term growth of larger communities has had a profound effect on the into account. This view is too narrow. As much as 90% of a product’s
environment. As a result, experts are starting to focus on the creation environmental impact is attributable to its use phase (American
of green buildings which could offer people a more responsible way Chemistry Council, 2011).

to use natural resources. The widespread use of green buildings not

only enhances a neighbourhood’s environmental conditions, but those A host of factors should be evaluated and contrasted with the product’s
who work and live there can also benefit from healthier environments performance. It is important to consider how the substitution of
free of unnecessary pollution and waste. materials impacts on the overall functionality, aesthetics, cost, and
health of people using them (American Chemistry Council, n.d.) .

Environmental Benefits

With green buildings, building planners are able to improve and protect A systems approach enables the assessment of a product at each
local ecosystems and foster biodiversity. This is crucial, as urbanisation stage of its life cycle, starting at the point where raw materials are
is often responsible for endangering local species and ecosystems. removed from the earth, moving through to processing, manufacturing,
In addition to conserving and restoring natural resources, greener fabrication, materials transportation, “use”, and ending with disposal
bullding practices can also aid in enhancing the water and air guality Or reuse.

iNn the surrounding area.

_ _ The American Chemistry Council (n.d.) provides guidelines for building
Economic Benefits designs, systems, and products to support this “systems approach” to

Greener practices may also be extremely helpful to company owners. Sustainable and green building design:
Some economic benefits include lower overall operating expenses

and increased tenant productivity. Studies have shown that greener *Design and purchasing criteria should take into account energy
buildings may help increase asset values while also maximising a  efficiency and the environment. This is properly weighed against
company’s economic performance across its whole life cycle. Such  other crucial factors like product safety, cost, performance, and

oractices support long-term corporate success, improve occupant  accessibility.
comfort, and improve health and overall well-being. « A systems approach should be used, focusing on the interactions

[ >
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https://www.usiinc.com/blog/environment/why-green-building-is-so-important/
https://www.usiinc.com/blog/environment/why-green-building-is-so-important/
https://blog.strive2thrive.earth/environmental-pollution-are-we-on-course-to-stop-it/
https://blog.strive2thrive.earth/most-sustainable-city-canberras-example/
https://www.usiinc.com/blog/environment/why-green-building-is-so-important/
https://www.usiinc.com/blog/environment/why-green-building-is-so-important/
https://blog.strive2thrive.earth/sustainable-water-management-future-generations/
https://blog.strive2thrive.earth/air-pollution/
https://www.usiinc.com/blog/environment/why-green-building-is-so-important/
https://www.greenbuildingsolutions.org/life-cycle-assessment/environmental-issues-construction/
https://www.greenbuildingsolutions.org/life-cycle-assessment/environmental-issues-construction/
https://www.greenbuildingsolutions.org/wp-content/uploads/2016/05/Life-Cycle-Analysis-Plus-Use-Phase-Explained.pdf
https://www.buildingwithchemistry.org/building-future/materials-selection/
https://www.buildingwithchemistry.org/conferences-events/
https://www.google.com/url?q=https://www.greenbuildingsolutions.org/life-cycle-assessment/environmental-issues-construction/&sa=D&source=docs&ust=1689665054110642&usg=AOvVaw0YBT2WnDGc1ThXA8kTbDKs

between individual building components and identifying options According to Hussin et al., (2023), sustainable construction involves a
with the best chance of increasing energy efficiency and lowering commitment to:

overall environmental effects.

« Any procedure for establishing “sustainable” building/product « Economic sustainability - increasing profitability by using labour,
standards must be science-based, open to all parties involved, materials, water, and energy more efficiently.
transparent, and take into account any relevant new information.  Environmental sustainability - preventing negative and potentially
irreversible effects on the environment through careful use of
natural resources, minimising waste, protecting, and where possible
enhancing the natural environment.

* Social sustainability - attending to people’s needs at every stage of

The construction sector is critical to a country’s economic Success. involvement in the construction process.
It contributes to the improvement of its residents’ quality of life by
oroviding vital socio-economic infrastructure like roads, hospitals,
schools, and other basic and expanded facilities (Hussin et al., 2013).

‘ Building With Purpose: Sustainable Construction

‘ Challenges in Sustainable Construction

Humans resist change for several reasons. Trying anything new in the
During the First International Conference on Sustainable Construction cause of a more sustainable future is no exception; it is not impossible,
held in Tampa, Florida, USA, the conference convener, Kibert, defined but there are always challenges to overcome.
sustainable construction as, “creating a healthy built environment using
resource-efficient, ecologically-based principles”. The construction industry has always been plagued by severe and
persistent challenges such as (Hussin et al., 2013):
The OECD sustainable building project identifies five objectives for < capital cost
sustainable buildings: resource efficiency; energy efficiency (including ¢ waste generation
greenhouse gas emissions reduction); pollution prevention (including * negative environmental impacts
indoor air qguality and noise abatement); harmonisation  with <* excessive resource consumption
environment; and integrated and systemic approaches (John et al.,
2005) The hurdles faced in the adoption of sustainable or green building also
include materialsandtechnology selection, lack of cohesive information
and knowledge relating to sustainable construction, design processes,
and construction processes (Havles & Kooloos, 2005).

‘\ mmHWE Building With Purpose: Case Study Insights: Reducing the Carbon Footprint Of Your Home | 6
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https://www.researchgate.net/publication/265966368_The_Way_Forward_in_Sustainable_Construction_Issues_and_Challenges
chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https://ira.lib.polyu.edu.hk/bitstream/10397/181/4/SDP-Book-Chap-1.pdf
https://ira.lib.polyu.edu.hk/bitstream/10397/181/4/SDP-Book-Chap-1.pdf
https://centaur.reading.ac.uk/12162/1/CENTAUR-Sustainable%20building%20solutions%20a%20review%20of%20lessons%20from%20the%20natural%20world.pdf
https://centaur.reading.ac.uk/12162/1/CENTAUR-Sustainable%20building%20solutions%20a%20review%20of%20lessons%20from%20the%20natural%20world.pdf
https://www.researchgate.net/publication/265966368_The_Way_Forward_in_Sustainable_Construction_Issues_and_Challenges
https://hbr.org/2012/09/ten-reasons-people-resist-chang
https://www.researchgate.net/publication/265966368_The_Way_Forward_in_Sustainable_Construction_Issues_and_Challenges
https://www.researchgate.net/publication/228350441_The_challenges_and_opportunities_for_sustainable_building_practices

A study conducted by du Plessis (2002) identified the following
obstacles to sustainable construction in developing countries:
insufficient capacity of the construction sector; an uncertain economic
environment; alack ofaccurate data; poverty andlow urban investment;
stakeholders’ lack of interest in the issue of sustainability; technological
inertia and dependence; a lack of integrated research; and entrenched
colonial codes and standards. In accordance with the experiences
of the developed world, the dearth of knowledge and information
regarding sustainable construction issues and appropriate, cost-

effective solutions is a significant obstacle that must be surmounted
(Havles & Kooloos, 2005).

Traditional design and construction focuses on cost, performance, and
quality objectives but sustainable design and construction considers
MiNnimMising resource depletion and environmental degradation, and the
creation of a healthy built environment to these criteria (Kibert, 19940).
The shift to sustainability can be seen as a new paradigm (Vanegas et

al., 1996) where sustainable objectives are within building design and
construction. It is considered for decision-making at all stages of the
life cycle of the facility. Figure 3 outlines the evolution and challenges
of the sustainable construction concept in a global context.

HEALTHY
ECONOMY

ENVIRONMENTAL
QUALITY

quality

SOCIAL
EQUITY AND
CULTURAL
HERITAGE

competitive factors in the
traditional building process

The Global Context

Figure 3. Challenges of sustainable construction in a global context.
Source: Huovila & Koskela (1998)

Sustainable construction considers every stage, from design to

construction to ongoing maintenance. It's crucial to keep in Mind that
sustainable building processes don’t only start once the contractors

get to the job site; they continue thereafter. Making sustainable anad
“best practice” decisions at every stage of the process is the goal.

Building With Purpose: Case Study Insights: Reducing the Carbon Footprint Of Your Home 7



https://www.irbnet.de/daten/iconda/CIB4162.pdf
https://www.researchgate.net/publication/228350441_The_challenges_and_opportunities_for_sustainable_building_practices
https://www.google.com/url?q=https://www.worldcat.org/title/sustainable-construction-proceedings-of-the-first-international-conference-of-cib-tg-16-november-6-9-1994-tampa-florida-usa/oclc/33013532&sa=D&source=docs&ust=1689666947138978&usg=AOvVaw3o9hOvJ2ArzUZXjnHwGdio
https://www.researchgate.net/profile/Annie-Pearce/publication/228540323_Sustainable_technologies_for_the_building_construction_industry/links/00b7d5267fdd57eefd000000/Sustainable-technologies-for-the-building-construction-industry.pdf
https://www.researchgate.net/profile/Annie-Pearce/publication/228540323_Sustainable_technologies_for_the_building_construction_industry/links/00b7d5267fdd57eefd000000/Sustainable-technologies-for-the-building-construction-industry.pdf
https://www.google.com/url?q=https://citychangers.org/challenges-sustainable-construction/&sa=D&source=docs&ust=1689667547639254&usg=AOvVaw1Tx-lNs4SRdlDaS1jBaL-x
https://www.irbnet.de/daten/iconda/CIB8524.pdf
https://www.irbnet.de/daten/iconda/CIB8524.pdf
https://www.researchgate.net/profile/Faizul-Mohd-Rahim/publication/344668917/figure/fig1/AS:946862752284672@1602761080419/Issues-of-sustainable-construction-in-a-global-context-Huovila-and-Koskela-1998-as.jpg

‘ THRIVE Case Study: Life Cycle Analysis of a Single Residential Dwelling

Research Method

How do we apply the principles of decarbonisation, sustainability,
and green building design to limit our impact as homeowners? We
looked at two important end results to measure impact based on the
home’s carbon emissions: embodied carbon and energy efficiency
which is also known as operational carbon.

‘ Two Types of Carbon Emissions

Embodied Carbon

Theembodiedcarbonofamaterialisthetotal carbondioxide associated
withitslife cycle. Thisincludes extraction, manufacturing, andtransport.
To put it simply, embodied carbon is the carbon emissions associated
with the materials used to make the home.

A four-step framework is outlined by the Singapore Green Building

Operational Carbon

On the other hand, operational carbon is used to calculate the long-
term impact after the building materials are installed. It refers to the
carbon emissions that are generated from day-to-day energy use.
This includes the emissions from electricity used to power lighting,
heating, cooling, and other appliances on a daily basis. These
emissions can be reduced by using energy-efficient appliances and
systems, such as LED lighting and high-efficiency HVAC systems,

or by using renewable energy sources, such as solar panels. By
iINcreasing energy efficiency, we can reduce our impact and achieve
net-zero homes (ANS|, 2022).

Both embodied carbon and operational carbon are important
considerations in the construction of a sustainable home. Embodied
carbon emissions account for 30% of a building’s carbon emissions,

Counclil (2015) to reduce embodied carbon emissions: prevent, reduce,
and optimise, future-proof, and offset. Design choices should prioritise
low or zero-carbon materials, responsible sourcing, and low lifecycle
impact in other aspects. Future use and end-of-life considerations
should also be taken into account by ensuring flexibility and potential
for maintenance, repair, renovation, deconstruction, and future material
reuse and recycling.

CNHRIVE

with the remaining 70% coming from building operations.

Building With Purpose: Case Study Insights: Reducing the Carbon Footprint Of Your Home | 8



https://www.google.com/url?q=https://blog.strive2thrive.earth/tackling-climate-change-through-decarbonisation/&sa=D&source=docs&ust=1689667710822115&usg=AOvVaw2aDvb23zDzlQPNTYPk8cOq
https://www.carboncure.com/concrete-corner/what-is-embodied-carbon/
https://www.sgbc.sg/about-green-building/sgbc-embodied-carbon-pledge
https://www.sgbc.sg/about-green-building/sgbc-embodied-carbon-pledge
https://www.sgbc.sg/about-green-building/sgbc-embodied-carbon-pledge
https://blog.ansi.org/sustainability-embodied-carbon-vs-energy-efficiency/#gref
https://www.sgbc.sg/about-green-building/sgbc-embodied-carbon-pledge

‘ Building With Purpose: Conventional vs. Sustainable House Models

The construction of a conventional home typically involves the use of
standard building materials such as brick veneers for external walls,

olasterboard ceilings and partitions, concrete slabs, and ceramic [r— e — e
tile flooring. ] @
. Kitchen | 'Bedroom Bedroom
THRIVE modelled a typical 167 sgm., four-bedroom, single-story house S Living H @
based in Sydney, Australia (see Figure 4). o /] I |
Theatre | |

In the study, the embodied carbon of a conventional house model
was measured with a systems approach through the life cycle analysis
of building materials using the OneClick LCA tool. This measures the
carbon footprint during the building phase and helps us identify the
largest contributors to carbon emissions.

|—7| L/

Bedroom

E Bedroom

Garage

The operational carbon of the two models was measured using

Australia’s energy rating system, NatHERS. We analysed and compared

the results of two models: the conventional (baseline) and sustainable Figure 4. Floor plan for the LCA moadel.
house models. Below are the proposed sustainable materials and

systems used as replacements for conventional building materials (see

Figure 5, next page).

ifmmHWE Building With Purpose: Case Study Insights: Reducing the Carbon Footprint Of Your Home | )
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https://www.oneclicklca.com/planetary/
https://www.nathers.gov.au/

‘ Phase 1: Life Cycle Analysis of Conventional vs. Sustainable Building Materials

The Conventional House Model

The life cycle analysis of the original house model shows that the

three largest contributors to carbon emissions are concrete, metal,

and brick, with 12.28, /.46, and 5.19 tons of CO, emissions, respectively

(see Figure 6, next page). Most of the concrete and metal were Roof
used as structural flooring. The external walls and facades are made Inslation |
of brick veneer. Concrete, metal, and brick all have relatively high 1 i
embodied carbon compared to other building materials because of the AN
energy-intensive processesinvolved intheir production, transportation, Nt = — !
and installation. ! anr

External
Walls

Foundation

Concrete is made from a mixture of cement, sand, and aggregates.
These materials are mined and transported from different locations
before mixing. The production of cement, in particular, is a highly
energy-intensive process involving very high temperatures and carbon
dioxide emissions. The largest source of embodied carbon in the built
environment and the source of about /% of the world's CO_emissions i ‘f

is cement production. Sand, which makes up roughly 30% of concrete,
IS the second-most extracted earth resource, second to water. The : ’

extraction of sand and its demand, which is growing at an unsustainable indow 1
rate of 6% annually (UNEP, 2022), has caused river pollution, | * -
flooding, shrinking aquifers, and deepening droughts (UNEP, 2019).

Internal Floor
Finish
|

Figure 5. Sustainable material replacements in the THRIVE Case Study.

iﬂ.mmuwg Building With Purpose: Case Study Insights: Reducing the Carbon Footprint Of Your Home | 10


https://www.iea.org/news/cement-technology-roadmap-plots-path-to-cutting-co2-emissions-24-by-2050
https://www.unep.org/news-and-stories/story/problem-our-dwindling-sand-reserves
https://www.unep.org/resources/report/sand-and-sustainability-10-strategic-recommendations-avert-crisis
https://unepgrid.ch/en/resource/2AD54533

Metals commonly used in construction like steel, aluminium, and
copper are also energy-intensive. These are extracted from ores
using Mining and undergo several processing technigues. Every vyear,
metal production accounts for 40% of all industrial greenhouse gas
emissions and 10% of energy consumption (Raabe, 2023). Similarly,
brick production also uses large amounts of energy to fire clay in kilns
at high temperatures. Brick manufacturing releases dust, greenhouse
gases such as sulphur, nitrogen, carbon, organic compounds, and some
hazardous air pollutants to the environment (US EPA, 199/).

Further CO, is emitted during the transportation and installation of
these construction materials. For example, concrete typically uses heavy
mMmachinery for mixing and pouring on site, which runs on fossil fuels.

INn this model, the estimated carbon emitted from building the home
with conventional building materials is 270 kg per square metre. In
total, it emits 45 tons of carbon, which is roughly equivalent to seven
new cars or /8,900 loads of laundry (see Figure 6).

SHHIE

Embodied carbon result summary

Embodied carbon is defined as the carbon emissions from the manufacture, transportation, use and end-

of-life of construction materials.

CO,e/m? social cost of carbon CO,e
Kilograms of carbon dioxide Social cost set at a rate of 50€ [ton Total carbon dioxide
equivalent per metre squared : equivalent emissions in tons

J

Which is roughly
equal to:

174

. . return flights from the UK
- to Australia

90 At

trees planted to offset
emissions

78.9k §

loads of Inundr\r.r

7 =y

new cars

Figure 6. Embodied Carbon Summary - Conventional (Baseline).
Source: One Click LCA

Building With Purpose: Case Study Insights: Reducing the Carbon Footprint Of Your Home 1

n SUSTAINABLE CITIES

AND COMMUNITIES

N



https://pubs.acs.org/doi/10.1021/acs.chemrev.2c00799
https://www.epa.gov/sites/default/files/2020-10/documents/c11s03.pdf
https://www.oneclicklca.com/

‘ Building With Purpose: Reducing Impact With Sustainable Materials

In the sustainable materials house model, insulation generated the
mMost carbon emissions with 6.41 tons, followed by steel and gypsum
with 4.3 and 3.18 tons, respectively. The insulation was used mostly
with the suspended timber flooring and ceiling, while steel was used
mostly for the roof battens. Compared to the conventional model, the
impact of concrete and metal was significantly reduced by shifting
to suspended timber-framed flooring and by replacing bricks with
lightweight cladding (see Figure 7).

Why timber?

Timber is a versatile material and a renewable resource with a lower
embodied carbon footprint than concrete and steel. Being more
lightweight, it also requires less energy for transport and installation.
Additionally, using timber as a building material offers the following
benefits:

 Timber is easier to modify and repair for greater design flexibility.

e [t can potentially reduce construction waste on-site as off-cuts can
be reused or recycled for other purposes.

* [t has natural insulating properties to improve comfort.

* |t is easier and faster to install compared to heavier materials
such as bricks. Unlike concrete, it does not require on-site
MIXiNg and curing.

Global warming by Material - t CO2

Result Category
Ready mix concrete I

Precast concrete

Type of building
M Baseline
B Low Carbon

Cement
Steel
Aluminium
Bricks
Insulation
Wood

W o (o] £ i [N M =t 3

10 Gypsum

11 Qther materials

0 1 2 3 4 = 6 7 8 9 10 11 12
Global warming (t CO2 e)

Figure /. Baseline and Low Carbon model comparison of CO, emissions by material.

Using sustainable timber could potentially reduce emissions by 6%
between 2017 and 2050 (University of Leeds et al., 2019).

Why lightweight cladding?

The embodied carbon was further reduced by replacing the brick
veneer walls with lightweight cladding consisting of fibre cement anad
softwood frames.

INn a lightweight cladding system, the materials used are lighter than
traditional building materials. Fibre cement sheets, metal panels, vinyl
siding, and composite materials are a few examples of cladding materials.
In this model, fibre cement sheets fastened to timber frames were
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utilised (see Figures 8 & 9). Brick walls were replaced by lightweight
cladding using fibre cement sheets - a mix of cement, sand, and
cellulosefibres. Theseare highly durable, can withstand intense weather
conditions, and are resistant to rot, termites, and fire, making them a
low-maintenance and long-lasting option for external wall cladding.
Additionally, fibre cement sheets are available in various textures and
finishes to mimic the look of wood and stone without the maintenance
requirements or installation challenges of using these materials.

Using a lightweight system offers the following advantages:

« The materials are typically pre-fabricated, making the installation
orocess faster, and less labour-intensive.

 Lower weight reduces the need for structural supports and
foundations, thus reducing the overall cost.

By shifting to these low-carbon and lightweight alternatives, we can cut
back on the use of traditional materials that are energy-intensive and
reduce waste. Eliminating waste during the design stage can reduce
greenhouse gas emissions by 18% between 201/ and 2050 (University

of Leeds et al., 2019).

ENHRIVE

Figure 8. Fiber cement for lightweight cladding.
Source: Freepik

Figure 9. Timber frames for lightweight cladding.
Source: Freeplk.
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‘ The Bottom Line

11 SUSTAINABLE CITIES

With all materials in consideration, the estimated carbon emission for Global Warming tCO2 R
the sustainable model is 24 tons, a 4/7/% drop in emissions compared et Cms{:’u";w | e

to the original plan (see Figures 10 & 17). By implementing more Materials | installation | TTNsportation | MlLow Carbon

sustainable building practices, we can achieve a substantial reduction @

iIN carbon emissions. =

Global warming (t CO2e) % 3

30

Embodied carbon result summary

Embodied carbon is defined as the carbon emissions from the manufacture, transportation, use and end- 25

of-life of construction materials.
20

141 kg 1179 € 24 t )
CO,e/m? social cost of carbon CO.e
Kilograms of carbon dioxide Social cost set at a rate of 50€/ton Total carbon dioxide 10
equivalent per metre squared ; equivalent emissions in tons
\l/ 5
Which is roughly 0 I . - —
eq"im: Figure 11. Baseline and Low Carbon comparison of CO, emissions by category.
: b . 6 %
h B e On a global scale, the magnitude of the impact becomes evident.
: . ; 47 At According to UN-Habitat (n.d.), 3 billion people will need access to
ribe violE M oot housing by 2030. To meet this demand, the world needs to build 300
emissions million new homes, according to the World Bank Group (2016). This
41.3 k E will require a significant investment in materials and resources. The
loads of laundry pressing global need for new homes presents an opportune moment to
4 =y drive change and adopt sustainable approachesin construction. Simply
new Bge shifting to more sustainable building materials in every home could

Figure 10. Embodied Carbon Summary - Sustainable (Low Carbon). have a significant impact on lowering carbon emissions throughout
Source: One Click L CA the industry.
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‘ Phase 2: Energy Ratings and Behaviours

Energy use accounts for a substantial amount of building emissions
over thelong term. Therefore, improving the thermal energy efficiency
of buildings is a critical step in carbon reduction. Both house models
have the same design, orientation, location, and climate, allowing
for a direct comparison of the impact of the building materials on
energy efficiency.

The two models were analysed using Australia’s NatHERS energy
star rating and modelled using the HERO software. NatHERS stands
for Nationwide House Energy Rating Scheme. Accredited thermal
modelling tools are used to calculate a performance-based star grade
of energy use, taking into account a home’s design and construction
materials. The assessment tools are powered by Chenath engine,
which was created by the Commonwealth Scientific and Industrial
Research Organization (CSIRO) based on how homes function under
Australian circumstances. It considers climate and average user
behaviour to estimate homes’ annual energy needs. The homes are
rated on a scale of O to 10 stars. The higher the rating, the less energy
IS required to maintain indoor comfort through heating and cooling.

In Australia, older homes are likely to have low star ratings. In 2001,
the minimum requirement was between 3 to 4 stars. Before they were
required in 20038, the typical residence had a star rating of only about
1.8. Recently, the National Construction Code 2022 increased the
enerqgy efficiency requirements for new houses and apartments from
o to /starsandincreasedthe scopetoincludetheenergy performance

Y.

JHRVE

R

rating of appliances to support net zero emissions targets by 2050.

For more information, please refer to NatHERS' top tips for building
for / stars.

INn our original house model, the conventional materials achieved a 6.6-
star rating, while the sustainable model achieved a 6.8-star rating, with
an equivalent of 6% annual potential energy savings. In both cases,
the area with the highest energy demand is the kitchen/living space,
which takes up one-third of the home’s total floor area. Shifting from
conventional materials to more sustainable alternatives had different
effects on different parts (also known as “zones”) of the home. For
example, in the kitchen/living area, the energy requirement increased
by 9%, while In the bedrooms, it was reduced by 23% on average.
However, the kitchen/living area had a higher impact on the overall
energy load due to its large area (see Figure 12).

Therefore, the energy requirements of the entire home depend on each
zone’s floor area and thermal performance. Various energy-reducing
mMmeasures can be applied to low-performance zones to optimise their
energy efficiency, suchas by increasinginsulation,changing orientation,
using more energy-efficient lighting, etc.
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Figure 12. Baseline and Low Carbon Enerqgy Requirement Comparison by Zone.

Location, home type, number of devices, and household size are all
factors that affect how much energy is used in a household. According
to the 2015 data from the US Energy Information Administration

‘ Limitations of the Case Study

water. In Australia, low carbon buildings produce 62% fewer emissions
than average buildings, while in India, sustainable buildings have
resulted in energy savings of 40-50% and water savings of 20-30%
(UN-Habitat, 2019). This highlights the potential for change in current
building practices, particularly in the housing sector, to address the
impacts of climate change.

Itisimportant to note that the tools utilised in the study have limitations.
For example, it generalises assumptions about occupant behaviour .
Modelling tools assume specific patterns that may not reflect the
actual occupants’ behaviour.

CSIRO (2021 conductedvalidationstudiesthatexaminedthesoftware’s

(2021), 51% of a household’s energy consumption is for heating and air
conditioning living spaces. Water heating, lighting, and refrigeration
were also found to be significant, accounting for 27% of energy
consumption.

Building more sustainably doesn’t necessarily require a trade-off in
energy performance. Understanding and utilising energy assessment
tools helps homeowners, designers, and builders make better decisions
on how a space can be transformed into a greener home and thereby
reduce annual energy costs.

The adoption of sustainable building practices has shown significant
success in reducing greenhouse gas emissions and saving energy and

ability to forecast actual results. They found a good link between
anticipated and actual energy use in a study that tracked more than
200 homes for six years. The biggest differences found were in the
occupant behaviour profiles and air conditioner energy use.

The difference between actual and calculated energy consumption,
also known as the energy performance gap, IS caused by various
factors, including construction errors, simulation model simplification,
and occupant behaviour. Theoretical energy calculations consider only
the building characteristics and are therefore a simplified version of
actual energy consumption.
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‘ The Impact of Human Behaviour

Despite knowing the benefits, social, cultural, and economic factors
often prevent people from using energy efficiently. Even with energy-
efficient technologies, 30% or more of potential energy savings are

lost. Widespread change ultimately depends on the number of people
engaged and empowered to use those technologies and redefine their
energy use.

One study (Piao & Managl, 2023) across 3/ countries found that
household energy-saving behaviour has a positive impact on reducing
emissions, but surprisingly, the purchase of energy-saving products
has a limited effect on energy consumption.

According to sociologist Dr. Adua, human behaviour and attitudes
have a profound effect on increasing emissions despite energy-saving
technologies, as people become complacent and may get into the
habit of using more energy-efficient equipment more frequently.
Data indicates that increasing renewable energy by 1% reduced CO2
emissions across all sectors by 0.69%, but this trend was reversed in
the residential sector, where every 1% increase in renewable energy
led to a 0.36% increase in emissions.

Another study (Glll et al., 2010) highlights the need to address human
factor issues in low-energy and low carbon design. A post-occupancy
assessment ofan ‘excellent-rated’ UKEcoHomes site found that energy-
efficiency behaviours account for 51%, 37%, and 11% of the variance in
heat, electricity, and water consumption, respectively.

Yet, evidence suggests that improving building efficiency can lower
energyexpenditureandemissions,evenafteraccountingforthis“rebound
effect,” but it depends on income group and energy efficiency levels.
Research from the Cambridge Centre for Climate Change Mitigation
Research (2013) shows an equivalent, opposite to the rebound effect,

where energy use affects efficiency. People who consume more are
Motivated to use methods to increase energy efficiency to reduce
their high energy bills. When measures to increase energy efficiency
have been exhausted, the most effective way to reduce emissions is to
change the energy-consuming behaviour of occupants.

To effectively reduce global energy consumption, we must recognise
thesignificantrole ofhouseholdenergy behaviourindriving meaningful,
lasting change. People are more likely to engage in sustainable energy
behaviour when they believe it has low individual costs and high

individual benefits. Thus, by understanding that sustainable energy
behaviour can yield individual benefits while imposing minimal costs,
we can pave the way for a greener and more sustainable home.
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Building With Purpose: Practical Tips for Greener Homes

Building Your First Home

When communicating with the builder, emphasisee your desire to iINncorporating renewable energy systems such as solar panels.
build a sustainable home. By actively engaging with your builder and There are mapping services and tools to determine your home’s
incorporating sustainable practices at each construction phase, you solar energy potential. These services can also provide information
can lay the foundation for a low-impact, energy-efficient home. on estimated system size, costs, savings, and local contractors.

e Source Sustainable and Eco-Friendly Materials: Ask your builderto e Water Management: Discuss water-saving measures, such as

use sustainable materials. Responsible materials sourcing for rainwater harvesting systems, greywater recycling, and using low-
eco-friendly construction involves using durable and low- flush toilets and low-flow shower heads. The largest source of
Mmaintenance materials that are made from recycled content, wastewaterinhomesisgreywater, whichcomesfromshowers, basins,
natural or renewable sources, and do not contain highly toxic and washing machines. This can be reused for gardens and toilets.

compounds. For example, swap traditional VOC emitting paint

with safer alternatives. Prioritise obtaining building materials ¢ Waste Management: Implement proper waste management

from local manufacturers to reduce transportation emissions. oractices, including recycling construction debris and reducing
Material use to minimise waste sent to landfills.

e |Incorporate Energy-Efficient Design: Request an energy-efficient
design that maximises natural lighting, ventilation, use of energy- ¢ Regular Maintenance and Energy Audits: Conduct routine
efficient windows and HVAC systems, and passive heating or mMaintenance and home energy audits to ensure the home continues
cooling strategies. Insulation is crucial in colder climates, as most to perform efficiently and identify areas for improvement.
heat escapes through walls and roofs. It's important to consider the
location and weather when designing for energy efficiency.

e Consider Renewable Energy: Inquire about the feasibility of
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For Home Renovators

e HVAC Upgrade: Improve the energy efficiency of an existing heating,
ventilation and air conditioning (HVAC) system when you replace
and upgrade to a more energy-efficient model. Install programmable
or smart thermostats to optimise heating and cooling schedules anad
reduce energy consumption.

There are various opportunities to Iincorporate sustainable
building practices into home improvement projects. Focus on the
following areas:

 Improve Insulationand Zoning: Improvethe existinghome’sinsulation
by adding insulation to walls, roofs, and floors. You may also increase
zoning by adding more internal doors to close off spaces that are
not frequently used. This helps reduce heat loss or gain and improves
energy efficiency.

e Conserve Water and Fix Leaks: Upgrade plumbing fixtures to low-
flow options to conserve water. Fix any leaks or drips to prevent
water waste.

e Choose Windows and Doors Wisely: Upgrade windows and doors
to energy-efficient options, e.g. double-glazed windows, that provide
better insulation and reduce air leakage.

e Choose Energy-Efficient Lighting: Replace traditional incandescent
bulbs with energy-efficient LED lights to reduce electricity
consumption. Other tips include installing automatic lighting as well
as mirrors and reflective surfaces to maximise light

e Choose Energy-Efficient Appliances: Choose energy-efficient
appliances to reduce energy consumption in renovated spaces.
Become familiar with what energy ratings mean to help you make
sustainable decisions and reduce utility bills.

« Consider Renewable Energy: Explore the possibility of incorporating
renewable energy systems such as solar panels.
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‘ Conclusion

The findings of this case study demonstrate the potential for significant
carbon reduction by simply replacing conventional materials with
more sustainable productsand systems. Through material substitutions
and without changes to other aspects such as building design or
ocation, we estimated that carbon emissions from construction would
oe cut by 47/%. Further studies indicate that building construction,
ouilding features and energy efficiency performance, and occupant
Oehaviours are interconnected and crucial for long-term carbon
reduction and sustainable energy transitions. This is a clear example of
how systems thinking can guide our actions toward sustainability and a
thriving society. Increased awareness, targeted actions, and favourable
energy-reducing behaviours cansignificantly reduceimpactby thinking
about decarbonisation at every stage. Ultimately, people’s choices and
actions hold the key to transformative change.

‘ THRIVE Framework and the Way Forward

Given the millions of homes that will need to be built to accommodate
the growing world population, selecting sustainable building materials ana
systems thinking (using life cycle analysis and energy efficiency modelling
tools) canhelp mitigatetheimpactofthebuildingindustry. Systems thinking
IS one of the key components of TheHolistic Regenerative Innovation Value
Enterprise (THRIVE) Framework, a blueprint developed based on several
yvears of research that encompasses various sustainability measures ana
methodologies for predicting the sustainability performance of strategies
and operations. THRIVE Project engages in impactful research ana
advocacies such as webinars, podcasts, and various publications.
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