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Foreword

Lendlease is absolutely committed to climate action.  
We know this is the most critical need of our time if 
we are to protect our future. This is the inspiration 
for Mission Zero, our commitment to be a 1.5 degree 
aligned company targeting net zero (Scope 1 & 2)  
by 2025 and absolute zero, all scopes, by 2040. 

With our targets set, the challenge to achieve them has now begun in earnest. 

This report is part of that journey. It zeroes in on a single action within our Mission Zero 
Roadmap: ‘zero use of fossil fuels in construction’. 

With the help of the University of Queensland, we have explored how quickly can we electrify 
construction machinery and what alternative fuels are viable. UQ’s new report, Planning a 
Transition to Low and Zero Emission Construction Machinery, addresses these questions with 
rigour and evidence. Lendlease’s companion report, Stepping Up the Pace: Fossil Fuel Free 
Construction, translates UQ’s research into a clear action plan to create fully-electric, fossil fuel 
free construction sites. 

We learnt decarbonising construction will be challenging.   

Achieving absolute zero emissions on our construction sites by 2040 will require significant 
acceleration in the electrification of construction machinery and equipment. This, like many 
decarbonisation challenges, is a challenge that can only be solved systemically – it’s one of those 
wicked problems no single party can ‘fix’.   

This is why our sector deserves ‘hard to abate’ status. 

However, rather than let this deter us, understanding the nature of our challenge can give us 
direction. Now, with the help of the University of Queensland, we know what change is needed, 
and we have clarity of focus. 

Our hope in publishing this paper, is that this focus can firstly be understood and secondly, 
inspire collective action to decarbonise construction. 

Ann Austin 
Head of Sustainability, Australia 
Lendlease
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Executive Summary

As part of our Mission Zero commitment, Lendlease has 
partnered with the University of Queensland (UQ) to 
understand the pathway to fossil fuel free construction.  
In this paper the key findings of the University’s research 
are noted and a pathway to fossil fuel free construction 
proposed.

The challenge
Construction contributes around 23% of global 
carbon emissions. Roughly 5.5% of those emissions 
are directly related to activities on construction sites, 
mainly through the combustion of fossil fuels to power 
machinery and equipment. It is these emissions from 
fuels used in construction that form the focus of this 
research. (Emissions from construction sites also include 
transport of construction machinery and materials, 
transport of construction workers, energy use at the 
construction site, internal transport, storage, temporary 
works, transport of waste, and waste treatment and 
disposal. These emissions are not considered in this 
research.)

The research 
In 2021, Lendlease partnered with the University 
of Queensland to investigate the range of low and 
zero-emission technologies in non-road construction 
machinery and equipment. We asked UQ’s research 
team, led by Dr Dia Adhikari Smith and Dr Jake 
Whitehead, to examine the role each technology could 
play in the transition to fossil fuel free construction. 

Planning a Transition to Low and Zero Emission 
Construction Machinery, UQ’s research report, 
documents the different types and sources of emissions 
generated on construction sites, the practices to 
reduce those emissions and the alternative fuel sources 
currently available. 

The report analyses international case studies, presents 
lessons learnt from other markets, and assesses 
international policy options. The key findings are 
detailed in Section 1. 1 of this report.

Construction’s value chain 
is among the most complex, 
encompassing everything from 
raw materials and product 
manufacture to design and 
delivery.

UQ’s report includes a comprehensive literature review 
of both existing and upcoming low and zero emission 
non-road construction machinery and equipment, and 
their greenhouse gas impact. UQ has also developed an 
extensive and freely available database of existing and 
upcoming low and zero emission non-road construction 
machinery and equipment, both globally and in 
Australia. 

The implication for decarbonisation
The speed of transition to fossil fuel free construction 
machinery comes with a high degree of uncertainty. 
Regardless, UQ has estimated the extent to which 
change could occur over the next two decades based on 
its research. UQ has projected that 40% of construction 
machinery and equipment (by energy use) can be 
replaced by electric by 2030. This can grow to 60% by 
2040. 

This means there is no current pathway to zero 
emissions construction by 2040 unless we see deep 
acceleration in the provision of electric construction 
machinery and equipment. It is more probable that 
concerted efforts will see us achieve fossil fuel free 
construction by 2040 and full electrification and 
absolute zero emission by 2050. With Lendlease’s 
Mission Zero commitment to achieving absolute zero 
emission by 2040, this finding presents us with a 
challenge. In this paper we outline ways this challenge 
can be addressed to accelerate the decarbonisation of 
our sector.

 

https://espace.library.uq.edu.au/view/UQ:93110de
https://espace.library.uq.edu.au/view/UQ:6973e0a
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40% of construction machinery 
and equipment (by energy use) 
can be replaced by electric by 
2030. This can grow to 60%  
by 2040.

This means there is no current 
pathway to zero emissions 
construction by 2040 without 
deep acceleration in the 
provision of electric construction 
machinery and equipment.

Importantly, UQ’s research confirms that construction 
meets the definition of a ‘hard to abate’ sector. 

‘Hard to abate’ refers to any sector for which the 
transition to net zero is not straightforward, because 
it either lacks the technology or its cost remains 
prohibitive. Other industries such as heavy-industry 
(steel, aluminium, cement) and heavy-duty transport 
(road trucking, aviation, shipping) are typically 
considered hard to abate. But zero emission technology 
to decarbonise construction sites is not extensively 
available and is unlikely to be until after 2040.

UQ separately analysed the Total Cost of Ownership 
(TCO) of three different construction equipment types: 
mini excavators; mini spider cranes; and crawler cranes. 
This analysis is provided in Appendix C of this report. 

These comparisons are illustrative of the potential 
of electric machinery and equipment. Over their 
operational lifespan, all three battery electric models 
are economically competitive when compared to 
equivalent diesel models, provided adequate charging 
infrastructure planning is conducted. The initial 
purchase cost for a battery electric model is currently 
much higher than the diesel-based model. However, 
the overall lifetime costs for the battery electric 
equipment are slightly lower due to significant savings 
in operational and maintenance costs. 

TCO per operating hour

UQ’s research also found an implemented carbon cost 
will further increase the TCO of all fossil-fuel equipment 
compared to equivalent battery electric models. 

Crawler  
crane 

$0.00 $20.00 $40.00 $60.00 $80.00 $100.00

Spider  
crane

Excavator  
2-3t

Diesel

Battery
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The pathway to fossil fuel free construction
Following this comprehensive analysis, Lendlease 
gathered its teams together to take a deep dive into 
the options. Our goal was to gain consensus on the 
best pathway for Lendlease to achieve fossil fuel free 
construction sites.

Lendlease carefully weighed all the options. Some 
were ruled out because of logistics; others because 
technology is not currently available in Australia’s 
market. Some barriers may be overcome through 
government policy; others are reliant on technological 
breakthroughs. 

Following this exercise, we determined that plug-in 
electric and mobile electric machinery and equipment, 
complemented by renewable diesel, presents the 
clearest pathway to fossil fuel free construction. Our 
ultimate ambition and priority is electrification of 
construction machinery and equipment, as noted in the 
hierarchy below.

UQ’s research confirmed 
that low-carbon fuel policies, 
financial support mechanisms 
and carbon reduction targets 
in Europe and the United 
States have been key drivers of 
growth in local renewable diesel 
industries. 

This report outlines the key barriers and enablers to 
fossil fuel free construction sites in Australia. The 
biggest barriers are the absence of low carbon fuel 
policies in Australia and electricity grid constraints. 
The most significant enablers are: carbon targets set 
by governments and clients; and financial support for 
investment in electric machinery, and for renewable 
diesel purchase and development of refineries.

We need to accelerate electrification of construction 
machinery and equipment. While the majority 
of machinery and equipment is on the path to 
electrification by 2040, to be 1.5 degree aligned we 
need all machinery and equipment on this journey.

Climate change is a global problem that will only be 
solved by collective action. For construction, a hard-
to-abate sector, the road to absolute zero must be 
one we take together. It is hoped sharing research and 
knowledge – including the information and insights we 
have uncovered in this report – will help our industry 
move further, faster.

Use of electric 
construction machinery 
and equipment where 
options are available

Renewable diesel to 
substitute mineral diesel 
where electric options are 
not available

1

2
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Construction is a major source of emissions. 
Construction contributes around 23% of global 
carbon emissions. Roughly 5.5% of those emissions 
are directly related to activities on construction sites, 
mainly through the combustion of fossil fuels to power 
machinery and equipment. It is these emissions from 
fuels used in construction that form the focus of this 
research. (Emissions from construction sites also include 
transport of construction machinery and materials, 
transport of construction workers, energy use at the 
construction site, internal transport, storage, temporary 
works, transport of waste, and waste treatment and 
disposal. These emissions are not considered in this 
research.)

In 2021, Lendlease commissioned the University of 
Queensland (UQ) to investigate the range of low and 
zero-emission technologies in non-road construction 
machinery and equipment. We asked UQ’s research 
team, led by Dr Dia Adhikari Smith and Dr Jake 
Whitehead, to examine the role each technology could 
play in the transition to fossil fuel free construction. 

Planning a Transition to Low and Zero Emission 
Construction Machinery, UQ’s research report, 
documents the different types and sources of emissions 
generated on construction sites, the practices to 
reduce those emissions and the alternative fuel 
sources currently available. The report also analyses 
international case studies, presents lessons learnt 
from other markets, and assesses international policy 
options. The key findings are outlined in Section 1.1 of 
this report.

UQ undertook a comprehensive literature review of 
both existing and upcoming low and zero emission non-
road construction machinery and equipment, and their 
greenhouse gas impact. 

UQ has also developed an extensive and freely 
available database of existing and upcoming low and 
zero emission non-road construction machinery and 
equipment, both globally and in Australia. 

An Australian overview of different low and zero 
emission technology options for construction equipment 
types that are currently available or will be available 
within the next 10 years is detailed in Appendix A. An 
overview of the current technologies and fuels available 
to decarbonise construction sites is in Appendix B. A 
more detailed discussion on each of these technologies 
is included in the UQ report.

TCO per operating hour

1.0 The University of Queensland’s Research 

Crawler  
crane 

$0.00 $20.00 $40.00 $60.00 $80.00 $100.00

Spider  
crane

Excavator  
2-3t

Diesel

Battery
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Diesel

Battery

1.1 State of play 2022
The University of Queensland completed a thorough 
evaluation of the current state of play of fossil fuel 
free construction machinery and the required energy 
systems to support the transition. The research findings 
show:

• Electrification is underway: Major construction 
Original Equipment Manufacturers (OEMs) are 
starting to electrify a diverse range of construction 
equipment, including smaller excavators, loaders, 
lifts, mobile cranes and telehandlers. Certain OEMs 
have also announced internal targets and zero-
emission commitments. For example, Volvo CE is 
targeting net zero emissions for its entire rolling fleet 
by 2050. 

• But the gaps are wide: There are no battery-electric 
models currently available for a significant number of 
construction equipment types within typical trades, 
such as civil, demolition, piling, concrete placing, 
builder, structural, precast and general purpose (refer 
to database).

• Hydrogen has a long way to go: There is also a 
lack of model availability for hydrogen powered 
construction machinery and equipment (refer to 
database). Green hydrogen production is currently 
very localised in Australia and is more expensive 
than grey hydrogen; significant investment in green 
hydrogen production will be required for it to be 
viable. 

• Biofuels play an important part: Biofuels, particularly 
renewable diesel, provide a cost-effective solution 
to decarbonising construction activities. Renewable 
diesel supports ongoing use of diesel using engines 
until zero emission technologies are readily available 
that cover the broad spectrum of machinery and 
equipment used by the industry. 

• Grid infrastructure must evolve: Availability of grid 
electricity constrains construction activities either 
through lack of capacity or ability to take the ‘peaks’ 
of energy-intense equipment such as electric cranes. 
An electrified construction site is likely to require 
significant investment in the development of the 
existing grid infrastructure.

• Policy responses are patchy: Australia currently has 
no policies to provide market indicators for producers 
to invest in refineries or direct subsidy support for 
consumers to encourage greater use of biofuels; as 
a result, renewable diesel is not currently produced. 
There is also no regulation to monitor and control 
emissions from non-road diesel engines (including 
construction machinery and equipment). Australia 
will need a combination of low-carbon fuel policies, 
targets and other support mechanisms to progress 
fossil fuel free options.

• Total cost of ownership is coming down: Currently, 
the initial purchase cost for battery electric 
construction machinery is much higher than the 
equivalent diesel model. However, this changes when 
whole of life costs are considered.  The TCO values 
for battery electric construction machinery, analysed 
in this study and explored at more length in Section 
2.0, are slightly lower due to significant savings in 
operational and maintenance costs.

• Absolute zero emissions construction is elusive: 
There is no current pathway to zero emissions 
construction by 2040 unless we see deep 
acceleration in the provision of electric construction 
machinery and equipment. It is more probable that 
concerted efforts will see us achieve fossil fuel free 
construction by 2040 and full electrification and 
absolute zero emission by 2050.  

• Big co-benefits can be realised: Zero-emission 
construction machinery and equipment models can 
deliver a range of co-benefits. These include reduced 
local air and noise pollution, opportunities to grow 
local industries and create jobs, enhance national 
energy security and reduce reliance on foreign fuel.

The research underscores the complexity and 
challenges ahead for the construction industry, and 
confirms construction is a ‘hard to abate’ sector.

‘Hard to abate’ refers to any sector for which the 
transition to net zero is not straightforward, because 
it either lacks the technology or its cost remains 
prohibitive [2]. Other industries such as heavy-industry 
(steel, aluminium, cement) and heavy-duty transport 
(road trucking, aviation, shipping) are typically 
considered hard to abate. But this research shows that 
the construction industry should also be considered in 
this context. Zero emission technology is not extensively 
available and unlikely to be in the short-medium term, 
more likely into the long-term post-2040.

https://espace.library.uq.edu.au/view/UQ:6973e0a
https://espace.library.uq.edu.au/view/UQ:6973e0a
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The transition to clean construction: 
Fossil fuel free or zero emission?
A fossil fuel free construction site uses no 
fossil fuel powered construction machinery or 
internal transport. This can be achieved by using 
100% electric or hydrogen fuel cell machinery 
or 100% sustainable biofuels like renewable 
diesel, or a combination of both. Sustainable 
biofuels, like hydrotreated  vegetable oils (HVO), 
a type of renewable diesel, are made of 100% 
renewable raw materials which do not release 
any new carbon emissions into the atmosphere. 
Biofuels release small amounts of tailpipe carbon 
emissions, although these are substantially less 
than mineral diesel. As biofuels are used in diesel 
engines, they still contribute to noise pollution on 
construction sites.

A zero emission construction site, on the other 
hand, requires all processes on the construction 
site to use zero emission technologies, such as 
battery or direct electrification or hydrogen. 
These technologies do not produce any carbon 
dioxide and they also reduce noise pollution. To 
maximise the reduction of lifecycle greenhouse 
gas emissions, zero emission machinery should 
be powered using renewable energy, which 
can include renewable electricity or renewable 
hydrogen. 

The speed of transition to fossil fuel free construction 
machinery comes with a high degree of uncertainty. 
Regardless, UQ has estimated the extent to which 
change could occur over the next two decades based on 
its research. 

UQ has projected that 40% of 
construction machinery and 
equipment (by energy use) can 
be replaced by electric by 2030. 
This can grow to 60% by 2040. 



Lendlease Australia leads 
the way with biodiesel 

A growing list of Lendlease projects in Australia are using biodiesel 
to support the decarbonisation of construction activities.

555 Collins Street, Melbourne 
(Commercial Office Building)
Equipment: Cranes (Lendlease)

Supplier: Refuelling Solutions

Fuel: B5 biodiesel

Sydney Metro, Victoria Cross
Equipment: various equipment  
(Delta Subcontractor) and boom  
lifts (Lendlease)

Supplier: Refuelling Solutions

Fuel: B5 biodiesel

Glenaeon Retirement Village, 
NSW
Equipment: Sumitomo and Komatsu 
excavators (Rainbow Subcontractor)

Supplier: Refuelling Solutions

Fuel: B5 biodiesel

Stepping Up the Pace: Fossil Fuel Free Construction 11

Caboolture Hospital Redevelopment, QLD
Equipment: 300KVA and 500KVA generators  
(Green Power Solutions)

Supplier: Refuelling Solutions

Fuel: B20 Biodiesel

Lendlease’s Caboolture Hospital Development Project 
in south east Queensland is using B20 biodiesel in two 
generators to power cranes, hoists, concrete booms and 
more. The B20 is sourced from the Eco Tech Biodiesel 
refinery, just 16 kilometres away. Lendlease is partnering 
with the Queensland Government’s Biofutures Queensland 
and Mov3ment to analyse and demonstrate the benefits, 
including carbon savings, better air quality and healthier 
sites, local economic opportunities, and energy security.



Stepping Up the Pace: Fossil Fuel Free Construction12

Lendlease asked UQ to compare the total cost of 
ownership (TCO) of conventional diesel-powered 
construction machinery to low and zero emissions 
options.

When considering low and zero emissions options, 
TCO is more relevant than the upfront purchase cost. 
This is because different operating, maintenance and 
infrastructure costs can significantly affect the overall 
economic competitiveness of each option. 

TCO figures take into account Lendlease’s supply 
chain-provided purchase costs for diesel models and 
manufacturer-forecasted upfront costs for equivalent 
battery electric models, along with various other 
TCO assumptions. TCO figures for three different 
construction equipment types have been estimated for 
Australia in 2021-2022:

• Mini excavators (2-3t)

• Mini spider cranes 

• Crawler cranes (80t)

Figure 1: Total cost of ownership per operating hour

TCO per operating hour

The analysis considered the costs of fuel, maintenance 
and service, infrastructure and capital costs per 
operating hour.

Over their operational lifespan, all three battery electric 
models are economically competitive when compared 
to equivalent diesel models, provided adequate 
charging infrastructure planning is conducted. The 
initial purchase cost for a battery electric model is 
currently much higher than the diesel-based model. 
However, the overall lifetime costs for the battery 
electric equipment, analysed in this study, are slightly 
lower due to significant savings in operational and 
maintenance costs. 

Over their operational lifespan, 
all three battery electric models 
are economically competitive 
when compared to equivalent 
diesel models, provided 
adequate charging infrastructure 
planning is conducted.

An implemented carbon cost will further increase 
the TCO of all fossil-fuel equipment compared to 
equivalent battery electric models. The International 
Energy Agency’s projected carbon cost for “advanced 
economies” trends towards A$230/tCO2 by 2050 
[3]. Appendix C provides detailed TCO tables and a 
comparative stacked bar chart for all three equipment 
types used in this study. 

2.0 Total Cost of Ownership 

Crawler  
crane 

$0.00 $20.00 $40.00 $60.00 $80.00 $100.00
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crane
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2-3t
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3.0  Fossil Fuel Free Construction 
Transition Options 

Lendlease and the University of Queensland undertook a detailed process to outline options to decarbonise onsite 
construction activities and transition the construction industry towards fossil fuel free machinery and equipment. 
This is in line with Lendlease’s target for absolute zero carbon by 2040. 

The process included:

1.  A detailed and thorough review of the outputs of the research undertaken by UQ, detailed in Section 1.   

2.  Collaborative workshops to:

 a.  Analyse the pros and cons of the different fossil fuel free options specifically in the context of working 
construction sites (Section 3 this report).

 b.  Identify which options were most suitable for working construction sites and could be prioritised to 
transition to fossil fuel free construction (Section 3 this report).

 c.  Identify the barriers and enablers of the options to be prioritised (Section 5 this report).
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Table 1 details a summary of the pros and cons of the different fossil fuel free options specifically in the context of 
working construction sites. This information is based on the research completed in 2021/2022.

Table 1: Summary of the pros and cons of the different fossil fuel free options specifically in the context of working 
construction sites.

Fossil fuel free 
options

Pros Cons Further 
information

Electric  
(wired and battery) 
Wired electric 
machines have a 
power supply cord 
and will be relatively 
fixed at a location 
or moving within a 
limited area.

Battery electric 
construction 
machinery can move 
freely, and its use is 
limited only by the 
battery capacity.

• Major construction OEMs are starting to 
electrify a diverse range of construction 
equipment

• By 2030, 40% construction machinery (by 
energy use) is estimated to be electric; by 
2040 this figure will rise to 60%

• Electricity supply is national 
• Increased energy efficiency compared with 

diesel alternatives

• Operational and maintenance savings are 
greater than the upfront additional purchase 
costs

• Zero Scope 1 and 2 emissions when 
electricity is from renewable sources

• Reduced local air and noise pollution.

• Grid electricity not always available 
on sites

• Increased electricity use from 
electric equipment and associated 
charging requirements 

• Grid capacity constraints and peak 
loads mean energy storage may be 
needed to buffer the grid

• Space for future energy storage 
equipment needed

• Safety concerns for use of wired 
electric options in some mobile plant 
and machinery models 

• Unable to electrify all equipment 
and machinery, some expected to be 
electric after 2050, if at all.

UQ low and 
zero emissions 
construction 
machinery 
database

Appendices A, B, 
C in this report

UQ literature 
review section 
4.4 and 4.5 

Hydrogen / 
Hydrogen fuel cell
Hydrogen fuel cell 
electric machines 
harness electricity 
that is produced 
through the chemical 
reactions between 
hydrogen and oxygen, 
within a fuel cell as 
the power source. 
Hydrogen is used to 
refuel them.

• Green hydrogen provides zero carbon option 
(made from renewable energy)

• Reduced local air and noise pollution.

• Lack of model availability for 
hydrogen powered construction 
machinery and equipment

• Grey and brown hydrogen (made from 
fossil fuels such as coal and methane) 
does not provide carbon emission 
reductions

• Green hydrogen has very limited 
current and medium-term availability

• Custom designed infrastructure 
needed to store hydrogen safely 

• Space for onsite storage of hydrogen 
fuel needed

UQ low and 
zero emissions 
construction 
machinery 
database

Appendices A, B, 
C in this report

UQ literature 
review section 
4.6

4.0 Pros and Cons of Transition Options 
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Fossil fuel free 
options

Pros Cons Further 
information

Biodiesel

A sustainable liquid 
fuel derived from 
vegetable oils or 
animal fats. Has 
physical properties 
similar to petroleum 
diesel, but it is a 
cleaner-burning 
renewable alternative. 
It can be used in 
many concentrations, 
from B5, (95% 
petroleum diesel 
and 5% biodiesel), 
all the way up to 
B100, which is pure 
biodiesel

• Fossil fuel free and high carbon emission 
savings 

• Available in VIC, NSW, ACT and SE QLD 
regions

• Lendlease has experience using biodiesel 
blends (B5/B20) on projects with no issues 

• Increased fuel security by reducing reliance 
on global oil supply for fossil fuel imports

• Reduced local air pollution
• Supports regional industrial development 

and job creation 
• Reduces waste impacts when feedstocks 

include used cooking oils (UCO) and tallow

• Non-toxic, readily biodegradable, has a low 
hazard rating and is less flammable than 
mineral diesel

• Can use in existing diesel engines in blends 
up to B20. 

• OEMs typically limit up to B20 
blends, constraining carbon emission 
savings

• Engine maintenance concerns with 
high biodiesel blends and more 
frequent filter changes

• Biodiesel has lower energy density to 
mineral diesel 

• Not available in all Australian 
geographies. 

UQ literature 
review section 
4.1.1

Appendices A, B, 
C in this report

Renewable diesel
An advanced biofuel 
made from renewable 
resources such as 
animal fats, vegetable 
oils and greases. It is 
chemically identical 
to conventional diesel 
which allows the 
fuel to be integrated 
into existing engine 
infrastructure without 
any modification

• Fossil fuel free and high carbon emission 
savings 

• Can be used as a ‘drop-in’ replacement 
for mineral diesel and integrated into 
existing engine infrastructure without any 
modification

• Lendlease Europe has experience using 
renewable diesel with no issues recorded

• Expected availability from 2024 in WA and 
2025 QLD, with other regions to follow

• Increased fuel security by reducing reliance 
on global oil supply for fossil fuel imports

• Reduced local air pollution
• Supports regional industrial development 

and job creation 
• Reduces waste impacts when feedstocks 

include UCO, tallow, domestic green waste 
and agricultural waste

• Non-toxic, readily biodegradable, has a low 
hazard rating and is less flammable than 
mineral diesel

• Not currently commercially 
available in Australia: expected 
2024/25

• Initially renewable diesel will only be 
available in some regions

• Where feedstocks are not biological, 
such as tyres and plastics, Scope 1 
carbon emission savings are reduced 

• Renewable diesel has lower energy 
density to mineral diesel 

UQ literature 
review section 
4.1.3

Appendices A, B, 
C in this report
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Fossil fuel free 
options

Pros Cons Further 
information

Bioethanol
An alcohol used as 
a blending agent 
with gasoline to 
increase octane and 
cut down emissions. 
Generally considered 
suitable for petrol 
spark ignition engines 
used for passenger 
cars or light-duty 
applications.

• Limited opportunity for use as 
bioethanol is used in petrol engines 
and most construction equipment 
and machinery are diesel

UQ literature 
review section 
4.1.3

UQ low and 
zero emissions 
construction 
machinery 
database

Biomethane 
Biomethane 
(produced from 
biogas) is also 
called Renewable 
Natural Gas (RNG). 
It is considered a 
“drop-in” fuel for 
natural gas vehicles 
and can qualify as an 
advanced biofuel.

• Lack of model availability for 
biomethane powered construction 
machinery and equipment

• Too few biomethane plants in 
Australia, would require significant 
investment in production and 
development of infrastructure. 

UQ literature 
review section 
4.2

UQ low and 
zero emissions 
construction 
machinery 
database
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5.0  Prioritising Electrification 
and Renewable Diesel  

Following analysis of the available low and zero 
emission construction machinery and equipment 
options, we have identified two key options to transition 
to fossil fuel free construction. These are: electrification 
of equipment and machinery; and the use of renewable 
diesel in existing machinery and equipment. These two 
options have been ordered in the following hierarchy: 

Figure 2: Lendlease’s fossil fuel free construction 
hierarchy

The implementation of this hierarchy:

• Prioritises the use of electric construction machinery 
where options exist, noting that options are expected 
to accommodate up to 40% of energy use by 2030 
and 60% of energy use by 2040

• Maximises the use of electric machinery as options 
become more readily available, recognising that 
investment in zero emission energy generation and 
storage options will be needed to provide a buffer 
between electric machinery and equipment, and the 
grid

• Substitutes renewable diesel for mineral diesel where 
electric options are not available for construction 
equipment and machinery

• Uses biodiesel to achieve carbon emission savings 
until renewable diesel is available

• Reduces emissions through hybrid models, where 
electric machinery and equipment is not available.

Use of electric 
construction machinery 
and equipment where 
options are available

Renewable diesel to 
substitute mineral diesel 
where electric options are 
not available

1

2



How Lendlease Europe leads with 
an Alternative Fuels Policy

Lendlease Europe is eliminating all fossil fuels across its construction 
projects with the help of a new Alternative Fuels Policy. 

The policy states that fuels often used to power machinery onsite, like diesel, petrol, and gas to liquid (GTL) and 
fuel gases such as liquid petroleum gas (LPG) typically used for heating, are to be replaced with alternative fuels. 
Alternatives include Hydrotreated Vegetable Oil (HVO) renewable diesel, hydrogen fuel cells, renewables, and 
electrified plant when available. The type of HVO accepted must be derived from used cooking oil and should also 
come with proof of sustainability documentation. 

In 2020, Lendlease started trialling HVO across several construction projects, as illustrated below. Following 
successful pilots, the Alternative Fuels Policy was implemented in July 2021. From 1 January 2022 all existing 
projects are compliant. 

Stepping Up the Pace: Fossil Fuel Free Construction18

Concrete pumping

up 53 floors at 8 
Bishopsgate

Powering site 
accommodation

at Perry Bar 
Residential Scheme, 

Birmingham

Piling and 
earthworks

at Elephant Park, 
London

Forklifts

at Glen Parva 
prison project, 
Leicestershire

Evacuation 

at Our Town Hall 
project, Manchester
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5.1 Pathway and priorities to support the transition to fossil fuel free construction
Following the deep analysis and comprehensive workshop discussions, Lendlease has established the following 
priorities as we set our business on a fossil fuel free construction pathway.

Table 2: Decarbonisation pathways and priorities: 2022 to 2040

Technology/Fuel 2022 2023 2024 2025 2030 2040

Electric 
(battery and wired 
where  machinery is 
not mobile)

Maximising use of electric machinery and equipment, in preference 
to combustion engine equivalents. Increase in % construction 
machinery (energy use) that is electric.

40% 
construction 
machinery 
(energy 
use) that is 
electric.

Minimum 
60% 
construction 
machinery 
(energy 
use) that is 
electric.

Onsite zero emission 
energy generation and 
storage

Trial use of onsite zero emission 
energy generation and storage 
systems for applications such 
as:

• High electricity demand 
machinery and restrictions 
on connecting to mains 
power e.g. electric tower 
cranes

• Substitute diesel generators.

Scale up use of onsite zero emission energy generation and storage 
as use of electric construction machinery increases.

Hybrid machinery and 
equipment (battery/
diesel)

Preference use of hybrid machinery and equipment where electric not available as a ‘stepping stone’ 
until full electric available.

Biofuels in diesel 
machinery and 
equipment

Where availability allows:

• B20 in equipment and 
machinery where OEMs 
warrant

• B5 in all equipment and 
machinery.

Biofuel availability likely to be 
a ‘patch work quilt’ across the 
country. Where availability 
allows, preference use of 
biofuels in the following 
hierarchy:

• 100% renewable diesel 

• B20 where OEMs warrant

• B5 in all equipment and 
machinery. 

All combustion engine 
machinery using renewable 
diesel where electric 
alternatives unavailable.



2022

Key

Mineral  
diesel 

B5   
(Where available)

B20    
(Where available)

Renewable diesel  
(Where available) Electric 

Tower  
cranes

Mobile  
cranes

Concrete placing 
booms

Concrete  
trailer pumps

Piling and  
drilling

Generators

2025

Mineral  
diesel 

B5   
(Where available)

B20    
(Where available)

Renewable diesel  
(Where available) Electric 

5.2 What does the transition look like?
The figures below illustrate the transition to fossil fuel free construction between 2022 and 2040 showing the 
predicted changes in availability of electric construction vehicles and equipment over the next 18 years. 

Figure 3: Lendlease’s transition to fossil fuel free construction: 2022 to 2040



2040

Mineral  
diesel B5  B20   Renewable diesel  Electric 

Small machinery 
– elevated work 

platform, forklifts

Earthworks – 
bulldozers, rollers, 
graders, scrapers

Large  
excavators  

>30T

Small  
excavators  

<7T

Hand tools Energy 
storage and 
generation

Charging 
stations

60%  
construction 
machinery  

(energy use) 
is electric 

2030

Mineral  
diesel B5  B20   Renewable diesel  Electric 

40%  
construction 
machinery  

(energy use) 
is electric 
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6.0 Implementation Considerations

Transitioning successfully to fossil fuel free construction 
depends on several key outcomes including:  

• High supply and availability of electric equipment and 
machinery

• High demand for and purchase of construction 
electric equipment and machinery

• High supply and availability of renewable diesel

• High demand and purchase of renewable diesel.

Table 2 details implementation considerations as this 
‘hard to abate’ sector transitions to fossil fuel free 
construction. For each desired outcome, the table 
identifies key issues, the changes required, as well as 
key enablers for the construction industry to achieve 
these outcomes. 

Following the table, key enablers for change are 
explored in more detail. These include:

• Australian low carbon fuel policies  

• State government and client carbon targets 

• Financial support for investment in electric machinery

• Financial support and investment in renewable diesel  

• Upgrades to Australia’s electricity grid infrastructure 

• Advocacy for construction industry decarbonisation

• Training and upskilling to meet future industry needs.

Table 3: Outcomes needed for implementation of the strategic pathway

Existing or potential issue Change needed Enablers

OUTCOME: High supply and availability of electric equipment and machinery

There is currently limited availability of 
electric equipment and machinery in 
Australia, with 40% construction energy 
use estimated by 2030 and 60% by 2040.

Increased development of electric 
construction machinery and equipment 
by OEMs for the full range used by the 
industry. 

Advocacy for electric construction 
machinery and equipment by peak bodies 
such as Heavy Vehicle Industry Australia.

Low availability of support industry for 
electric construction machinery and 
equipment such as technicians and 
mechanics, and availability of parts for 
servicing and maintenance.  

Development and transition of traditional 
mechanic industry into electric 
maintenance and servicing. Development 
of electric machinery capabilities and skills.

Reskilling technicians and mechanics to 
include electric equipment and machinery. 
State government and Registered 
Training Organisations to support training 
pathways.  

OUTCOME: High demand for and purchase of construction electric equipment and machinery

Construction electric equipment and 
machinery is more expensive to purchase 
even though total cost of ownership is less. 
High upfront costs are a potential barrier. 

Development of financial options for the 
supply chain that reduce the upfront 
purchase costs.

Financial support for supply chain through:

• Government and finance industry 
funded low interest sustainable or green 
loans

• Federal and state government funded 
grants and tax benefits to reduce 
upfront costs of electric machinery.
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Existing or potential issue Change needed Enablers

Limited supply chain understanding that 
decarbonisation is urgent and industry 
specific equipment and machinery options 
are available. 

Construction industry and supply chain 
engagement including:

• Raise awareness for the need to 
decarbonise construction activities and 
the carbon emission impacts of the built 
environment

• Knowledge sharing and upskilling of 
available industry specific solutions 

• Connection between OEMs and supply 
chain partners 

• Raise awareness of the benefits fossil 
fuel free construction, including cost 
reductions, health, local economic 
opportunities, employment, energy 
security

• Education and myth busting 

• Development of trials where 
technological challenges exist

• Development and sharing of zero 
emission construction machinery 
database.

Industry collaboration including 
contractors and supply chain partners, 
clients, industry bodies, and peak bodies.

Engagement with federal and state 
governments.    

Limited requests from clients to 
decarbonise of construction activities.

Federal and state government funded 
grants and tax benefits to reduce upfront 
costs of electric machinery.

Client adoption of carbon reduction targets 
and ‘pull through’ for the construction 
industry.

Electricity grid constraints – including 
lack of capacity and peak load issues – 
limit connecting electric equipment and 
machinery and hinder a future-ready grid, 
including charging.  

Upgrading grid infrastructure to take 
increased loads and provide greater 
capacity for future demands as more 
construction equipment and machinery is 
electrified.

Federal and state government, state 
electrical utilities and energy provider 
investment in grid infrastructure.

Increased development of energy storage 
and generation options suited to the 
construction industry that can integrate 
electricity demands of construction 
activities and grid capacity. 

Federal and state government financial 
investments to develop this industry.   

Advocacy for suitable energy storage and 
generation by industry peak bodies.

Electricity supply often unavailable or 
minimal when construction works start 
and only available once substations or 
pad mounts built during the construction 
period. This commits construction projects 
to using diesel generators until electricity 
supply is available, which is often up to 12 
months.

Early grid connection to construction 
site before construction starts to make 
electricity available from day 0. 

Early investment and engagement from 
clients and state electrical utilities.

OUTCOME: High supply and availability of renewable diesel

Refineries in development but renewable 
diesel not currently commercially available 
in Australia (first refineries anticipated to 
come online 2024/25).

Renewable diesel technology 
and feedstocks have been proven 
internationally. Investment in refineries 
and associated biological feedstocks will 
increase availability of renewable diesel to 
the market.

Introduction of low carbon fuels policy 
(as exist in Europe and California) and 
provide market signal for investment in 
development of refineries.

Financial investment to support 
development of industry though:

• Federal and state government funding

• Financial institutions providing green 
finance opportunities 

Advocacy for development of renewable 
diesel industry in Australia by peak and 
industry bodies.

Federal government develop low carbon 
fuel policies in line with European and US 
examples.

Advocacy for development of low carbon 
fuels policy in Australia by peak and 
industry bodies.  



Stepping Up the Pace: Fossil Fuel Free Construction24

Existing or potential issue Change needed Enablers

Renewable diesel must meet quality 
standards required by Australian Fuel 
Standards and OEMs. 

OEMs require renewable diesel to meet 
European and US fuel quality standards 
for use in construction machinery and 
equipment. Australian fuel standards have 
additional energy density requirements 
which do not currently align and restrict 
the use of renewable diesel to off-road use.

Federal government to engage with 
refineries and review the fuel quality 
standards to enable the use of renewable 
diesel and align with international 
standards supported by OEMs. This 
work has already been undertaken 
internationally and Australia can adopt 
existing standards.

OUTCOME: High demand and purchase of renewable diesel

Costs of renewable diesel in Australia is 
currently unknown. Risks to renewable 
diesel being a high cost are:

• Export of feedstocks to international 
markets, such as tallow, UCO and 
canola, increasing domestic costs

• 100% biodiesel currently receives 
significantly lower fuel tax credits than 
mineral diesel. 

• Lack of climate policies that support 
low carbon fuels (as exist in Europe 
and California) which provide financial 
subsidies.

Low carbon fuel policies and associated 
financial mechanisms would support cost 
competitive consumption of renewable 
diesel. Mechanisms could include 
subsidies, rebates, amendments to fuel tax 
credits to match or exceed mineral diesel.

Federal government develop low carbon 
fuel policies in line with European and US 
examples. 

Limited supply chain knowledge of 
decarbonisation imperative, available 
options and the importance of renewable 
diesel in our ‘hard to abate’ industry.

Construction industry and supply chain 
engagement including knowledge sharing, 
upskilling, myth busting, and forging 
connections between OEMs and supply 
chain partners.

Industry collaboration including 
contractors and supply chain partners, 
clients, industry bodies, and peak bodies.

Engagement with federal and state 
governments.    

Limited requests from clients to 
decarbonise of construction activities. 

Clients need to include requirements for 
decarbonisation of construction activities 
in tender criteria and assessments. This 
provides market signals to which the 
construction industry can respond.

Client adoption of carbon reduction 
targets and creating ‘pull through’ for the 
construction industry.
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Following the work to understand the outcomes 
required, Lendlease’s team prioritised seven key barriers 
and enablers that, if addressed, would accelerate the 
transition to fossil fuel free construction.

6.1 Australian low carbon fuel policies 
The University of Queensland’s research confirms that 
low-carbon fuel policies, financial support mechanism 
and carbon reduction targets in Europe and the United 
States have been key drivers of growth in local biofuel 
industries. 

For example, the introduction of California’s Low 
Carbon Fuel Standard has encouraged the development 
of several major commercial renewable diesel ventures. 
The United States Energy Information Administration 
(EIA) estimates that the production capacity for 
renewable diesel in the USA could exceed 300,000 
barrels per day by 2024 – up from around 25,000 in 
2020.

In contrast, Australia has no low carbon fuel policies, 
national biofuel programs or government subsidies. 
Minimal tax credits and mandates support the 
production or use of biofuels. This has discouraged 
significant investment in a renewable diesel market. As 
a result, renewable diesel is not currently produced in 
Australia. Instead, renewable diesel feedstock, such as 
tallow and used cooking oil, is exported overseas where 
it is used to make renewable diesel for global markets 
[4].

Low carbon fuel policies and targets provide market 
signals that encourage investment in refineries and 
support cost-competitive consumption of renewable 
diesel. Global forecasts show that the renewable diesel 
industry will grow over the coming years to meet the 
significant demand. This distinguishes renewable diesel 
as a viable decarbonisation option. 

In Australia, there is an opportunity for the emerging 
renewable diesel industry to scale up, should the federal 
government adopt a low carbon fuel policy in line with 
global counterparts. Federal leadership on renewable 
diesel would encourage industry investment and 
development of refineries, and make renewable diesel 
cost competitive or even cheaper than mineral diesel. 
Development of these policies would also contribute 
to the decarbonisation of other key industries such as 
mining and transport.

6.2  State government and client carbon 
targets 

All state governments have carbon emission reduction 
targets which provides a significant opportunity for 
these governments to align their procurement policies 
with decarbonisation targets for construction activities. 
This would provide a mechanism for the construction 
industry to achieve carbon emission reductions on 
infrastructure projects during construction. 

Clients have a significant role to play. Strong policies 
and targets that lead to clear market signals provide 
a ‘pull through’ for the whole construction industry, 
and a competitive and level playing field for all supply 
chain members and contractors to decarbonise. Where 
clients are part of the state or federal government, the 
decarbonisation benefits compound, given the scale of 
project developments funded.  

Other policy alignments with decarbonisation include 
air quality, health and national fuel security.

6.3  Financial support for investment in electric 
machinery

Currently, battery electric construction equipment and 
machinery are significantly more expensive to purchase 
than their diesel equivalents. However, UQ’s research 
study demonstrates that TCO values for electrified 
equipment analysed in this study are lower, despite 
their higher purchase price, due to significant savings 
in operational and maintenance costs. Appendix C 
provides detailed TCO tables for all three equipment 
types used in this study. 

To ensure the transition to electric fleets, financial 
support must bridge the gap between higher 
upfront costs and future lower costs of operation 
and maintenance. The Australian Government, state 
governments and the finance industry can support the 
increase in purchasing electric construction machinery 
and equipment through low interest loans, grants and 
tax benefits. These successful mechanisms, already 
demonstrated in the electric vehicle market, have driven 
significant uptake of EVs. 
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6.4  Financial support and investment in 
renewable diesel 

The Australian Government, state governments and 
the finance industry can support the development 
and significant growth of a domestic renewable diesel 
industry with investment into the refineries or financial 
support for the use of renewable diesel. Financial 
support and investment can include a wide range 
of mechanisms, including tax relief, subsidies and 
rebates, green low interest loans and finance, grants 
and the planned phase out of financial support for fossil 
fuels. Removing the excise for domestically produced 
renewable diesel and amending the off-road fuel tax 
credits to match or exceed mineral diesel values would 
also encourage growth in the nascent renewable diesel 
sector. In FY2022, mineral diesel and blends of biodiesel 
up to B20 received 44.2c/L fuel tax credit and 100% 
biodiesel 8.8c/L [5]. 

In Queensland, the Australian Renewable Energy 
Agency (ARENA) has funded $4 million for Southern Oil 
Refining’s pilot project in Gladstone. This project aims 
to turn biosolids from wastewater treatment sewage 
into renewable crude oil, which will be upgraded to 
renewable diesel [6]. The Queensland Government is 
the only state government in Australia that has invested 
in a renewable diesel refinery. Gladstone has also been 
selected as the location for Oceania Biofuels’ new 
$500 million renewable diesel and sustainable aviation 
fuel biorefinery [7]. Construction of the plant is due to 
commence in 2023 and will use locally-sourced waste 
and sustainable feedstock such as tallow, canola and 
used cooking oil to produce more than 350 million litres 
of sustainable aviation fuel and renewable diesel per 
year, although this is planned for export into regions 
with existing low carbon fuel policies. 

6.5  Upgrades to Australia’s electricity grid 
infrastructure

Electricity grid constraints are an obstacle to the 
long-term electrification of construction activities. 
Constraints include lack of capacity and the ability 
to manage ‘peak loads’ from individual construction 
machines such as cranes. State governments and 
electrical utilities will play a central role in grid 
transformation required to meet future higher loads of 
many industries, including construction. 

Currently, when construction machinery and equipment 
is unable to ‘plug in’, construction works are dependent 
on diesel generators to cover the energy discrepancy. To 
ensure suitable grid connections, clients must engage 
with electrical utilities before construction works 
even start. This breaks the cycle of diesel generators 
powering electric equipment and machinery until the 
substations or pad mounts have been built, which is 
often up to 12 months into construction works. Where 
power is limited, energy storage and generation options 
can provide a buffer between construction works and 
the grid, taking the peaks out of load and providing 
additional capacity. However, this technology is 
emerging, and investment would likely benefit from the 
same market signals already explored. 

6.6  Advocacy for construction industry 
decarbonisation

Peak and industry bodies have key roles as advocates 
of this strategic roadmap and its delivery. As champions 
of fossil fuel free construction, these peak bodies can 
articulate:

• Challenges and complexity of decarbonising 
construction as a ‘hard to abate sector’

• Decarbonisation options that would increase 
investment in electric equipment and machinery, 
zero emission energy generation and storage, and 
renewable diesel refineries

• The role of renewable diesel as a significant 
transition fuel – as it has been in other regions – and 
the benefits it can deliver to additional industries, 
including transport and mining. 

Peak bodies for biofuels include BioEnergy Australia and 
its Cleaner Fuel Alliance working group. Peak bodies 
for construction machinery and equipment include 
Heavy Vehicle Industry Australia and the Construction 
& Mining Equipment Industry Group. Construction 
industry bodies, including Supply Chain Sustainability 
School and Australian Constructors Association, have 
started advocating B5 and B20 biodiesel blends in 
decarbonisation using construction project case studies 
and training material. The Carbon Market Institute more 
broadly champions the transition to net zero emissions, 
with biofuels feeding into the wider Australian 
bioeconomy. Green Building Council of Australia and 
Infrastructure Sustainability Council recognise activities 
that decarbonise construction in their sustainability 
rating tools, Green Star and Infrastructure Sustainability. 
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C40 Cities has established a Clean Construction 
Declaration in which signatory cities commit to 
procuring and, where possible, using only zero emission 
construction machinery in municipal projects from 
2025. The pledge also includes a commitment to 
achieve zero emission construction sites city-wide, 
where possible, by 2030.

Collectively, these bodies can encourage construction 
industry decarbonisation and supply chain engagement 
by: 

• Raising awareness for the need to decarbonise 
construction activities and the carbon emission 
impacts of the built environment

• Knowledge sharing and upskilling available industry 
specific solutions 

• Forging strong connections between OEMs and 
supply chain partners 

• Championing the benefits of reducing fossil fuel use 
including cost reductions, health, local economic 
opportunities, employment and energy security

• Providing education and myth busting 

• Developing trials where technological challenges 
exist

• Engaging with federal and state government to 
advocate on the industry’s behalf.

6.7  Training and upskilling to meet future 
industry needs

As the construction industry decarbonises, targeted 
training programs can reskill people in existing fossil 
fuel-related jobs to meet skills gaps in emerging low 
carbon industries. For example, oil refining jobs can 
be transitioned into renewable diesel refining jobs. 
Similarly, traditional construction machinery mechanics 
can be upskilled to service and maintain electric 
machinery. 



7.0 Conclusion 

As a leader in the global construction industry, Lendlease takes its 
responsibility to the planet seriously. We have made it our mission to 
reach net zero carbon emissions by 2025 and absolute zero by 2040. 
These are among the construction industry’s most aggressive targets 
and will only be achieved if our construction sites are fossil fuel free.

The research partnership between Lendlease and UQ 
has uncovered key findings, and from that we have 
drawn several conclusions that will have far-reaching 
consequences for our business:

1.  Construction is a ‘hard to abate’ sector. The 
transition to absolute zero is not straightforward, as 
zero emission technology is not extensively available 
and is unlikely to be until after 2040. This meets the 
definition of a ‘hard to abate’ sector. Government 
policy and financing options will be required to 
support the industry’s transition. Lendlease will 
continue to collaborate with industry bodies to 
champion fossil fuel free construction.

2.  Electrification and renewable diesel are the 
Lendlease preferred options. An estimated 60% of 
construction machinery and equipment (by energy 
use) can be replaced by electric alternatives by 2040. 
Lendlease will maximise the use of electric machinery 
as options become more readily available and 
substitute renewable diesel for mineral diesel where 
electric options are not available. 

3.  Barriers to construction decarbonisation are high. 
We have identified several key enablers to transition 
the industry, which include government financial 
investment, policies and carbon targets, upgrades to 
the grid and industry advocacy.

4.  Absolute zero emissions construction is elusive. 
There is no current pathway to zero emissions 
construction by 2040 unless we accelerate the 
provision of electric construction machinery and 
equipment. It is more probable that concerted efforts 
will see us achieve fossil fuel free construction 
by 2040 and full electrification and absolute zero 
emission by 2050. While fossil fuel free construction 
is within our grasp, more work will be required to 
achieve zero emission construction by 2040. The 

research shows we can eliminate carbon emissions 
from construction sites. But until we are fully electric, 
minimal carbon emissions will remain. 

5.  We need to accelerate electrification of 
construction machinery and equipment. While the 
majority of machinery and equipment is on the path 
to electrification by 2040, to be 1.5 degree aligned we 
need all machinery and equipment on this journey.

6.  Co-benefits are enormous. There is much to be 
gained from decarbonising construction. Fossil fuel 
free construction sites will reduce air and noise 
pollution, create local industries and jobs, enhance 
national energy security and reduce reliance on 
foreign fuel. Fossil fuel free construction sites will 
help Lendlease to deliver on its purpose to create 
places where communities thrive. 

Climate change is a global problem that will only be 
solved by collective action – and the transition to fossil 
fuel free construction must be one we take together. It 
is hoped sharing research and knowledge – including 
the information and insights we have uncovered in this 
report – will help our industry move further, faster.
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https://www.lombardodier.com/contents/corporate-news/responsible-capital/2021/september/challenge-or-opportunity-rethink.html#:~:text=The%20term%20'hard%2Dto%2D,or%20its%20cost%20remains%20prohibitive
https://www.lombardodier.com/contents/corporate-news/responsible-capital/2021/september/challenge-or-opportunity-rethink.html#:~:text=The%20term%20'hard%2Dto%2D,or%20its%20cost%20remains%20prohibitive
 https://statements.qld.gov.au/statements/94951#:~:text=%E2%80%9CThe%20proposed%20%24500%20million%20project,community%2C%E2%80%9D%20Mr%20Miles%20said
https://statements.qld.gov.au/statements/94951
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8.1  Appendix A

Table 4: Availability of low/zero emission construction machinery globally and in Australia

Equipment 
classification

Construction 
machinery Availability globally Availability 

in Australia Major manufacturers

Earth moving

 

Backhoe loader
  

No
  

 

      

    
 

     

    

Bulldozer / dozer
Testing 

No

Compact track 
loader Prototype ConExpo 2020 No

Excavators (<7t) Certain models are available 
globally

Available 
locally

Excavators (7t - 30t)
   

Import only

Excavators (30t - 
45t) No

Skid Steer loader Certain models are available 
globally Import only

Wheel loader Certain models are available 
globally

Available 
locally

Access

Scissor lift Global Available 
locally

    

    

  

Spider lift Global Available 
locally

Boom lift Global Available 
locally

Vacuum lifter Global Available 
locally

Telework platform Global Available 
locally

Materials 
handling

Crawler cranes    

Mini and telescopic crawler 
cranes are available globally

Mini and 
telescopic 
available 
locally

       

         

   

     
 

 

Mobile cranes
 

No

Tower cranes
Plug-in electric (electric power 
supplied by the grid or a diesel 
generator) available globally

Plug-in 
electric 
option 
available 
locally

Spider cranes Certain models are available 
globally

Available 
locally

Knuckle boom 
cranes No

Forklifts Indoor (available globally), and 
outdoor prototype (HFC)

Indoor 
available 
locally

Telehandler / 
handler Global Import only

Mobile stacker 
(Conveyor) No
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Equipment 
classification

Construction 
machinery Availability globally Availability 

in Australia Major manufacturers

Compaction

Compactor 
(Vibratory plate) Global Import only

Rammer Compactor Global Available 
locally

Concrete and 
masonry

Drill rig No

   

 

Grinder Global Import only

Concrete vibrator Global Available 
locally

Concrete mixer Global Available 
locally

Stationary concrete 
pump Global Import only

Lift, shift and 
propping 

Hoists Global Available 
locally

Trucks, vehicles 
and trailers

Dump truck Certain models are available 
globally

Available 
locally

     

       
 

Tipper truck Certain models are available 
globally

Available 
locally

Cement truck
  

Import only 
(option for 
retrofitting 
locally)

Generators

Hydrogen Fuel 
Cell (HFC) power 
generator Trials in   

No

   

       
 

Linear generator 
Trials in 

No

100% Hydrogen 
fuel-capable gas 
generator Trials in   

No

Energy storage 
systems (for 

construction)

Battery energy 
storage (also used to 
replace generator)

Global Available 
locally

       

    

Hydrogen power 
unit (Electricity is 
generated using 
HFC)

Trials in  
No

For further information on each equipment option and current availability in Australia, please refer to the University 
of Queensland’s report: Planning a Transition to Low and Zero Emission Construction Machinery.
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8.2 Appendix B

Table 5:  Availability of low and zero emission technology and fuels in Australia

Battery technology 

There are a large number of research projects looking at battery technology. Further potential for 
improvement in terms of energy, performance and safety can be expected from the expansion of existing 
battery technologies and the use of new materials and material combinations. One of the biggest problems 
with batteries is the length of time it takes to charge. Current research is looking at electrolytic components 
to improve lithium-ion batteries. Further development and research into battery technology offers the long-
term opportunity to multiply the energy density and thus the range of electric machines as well as to reduce 
the costs. Lithium-ion battery prices have fallen 85% in 10 years and are projected to fall below $100/kWh by 
2024, reaching $60/kWh by 2030, and still lower in the 2030s. Whatever form batteries take in the future, it is 
clear that only renewable electricity should be used to charge them if zero emissions are to be achieved.

Renewable 
electricity

The Energy Transitions Commission (ETC) expect that to limit global warming to 1.5°C, over two-thirds of the 
global final energy mix will need to be met through direct electrification, and a further 15% will need to be 
met through indirect electrification e.g., hydrogen. To achieve this outcome will require a massive increase 
in electricity generation by 3.5 to five times relative to today, and primarily via renewable energy generation. 
This is achievable by 2050, but only through a rapid ramp-up in investment in wind and solar, as well as 
energy storage to deliver system flexibility. Renewable electricity generation continues to grow in Australia. 
Renewable electricity, paired with battery electric machinery, can deliver the most energy efficient drivetrain, 
and produce zero emissions. Renewable electricity can also be used to produce zero-emission hydrogen to 
power hydrogen fuel cell machinery but requires up to four times for electricity compared to direct use in 
same machinery powered by battery. 

Grid capacity: Availability of grid electricity constrains construction activities either through lack of capacity 
or ability to take the ‘peaks’ of energy-intense equipment such as electric cranes. If a construction site is to 
be electrified, it will probably require the development of the existing infrastructure, which will not always be 
possible. Optimisation techniques can be used for ‘peak shaving’ and ‘load shifting’ to ensure that the network 
is not overloaded, and that battery consumption and charging are controlled in a cost-optimal way. This can 
be achieved by using an energy storage system charged during off-peak times and then later used to power 
plug-in electric machinery and recharge battery-electric equipment and vehicles.

Advanced biofuels

Global demand for biofuels is set to grow by 41 billion litres, or 28% over the next five years. Policies in the 
United States and Europe has helped demand for renewable diesel to nearly triple. This growth is driven by 
higher state and federal targets for renewable fuel, favourable tax credits, and the conversion of existing 
petroleum refineries into renewable diesel refineries. To achieve net zero emissions by 2050, countries would 
need to implement existing and planned policies, and then strengthen them before 2026. These policies must 
also ensure that biofuels are produced sustainably and avoid the risk of negative impacts on biodiversity, 
freshwater systems, food prices and availability. In addition, policies must incentivise GHG reductions, not 
simply biofuel demand, so that every litre of biofuels used reduces emissions relative to fossil fuels as much 
as possible.

Hydrogen

Hydrogen has an important role to play more broadly in decarbonising the global economy, particularly 
in terms of green steel, cement and fertiliser production, both locally and globally. To decarbonise the 
construction sector whilst operating hydrogen fuel cell machinery, the hydrogen used will primarily need to 
be produced in the form of green hydrogen, although some applications of blue hydrogen (including carbon 
capture and storage) could also exist.  However, Australia’s current hydrogen production is around 650 
ktpa and majority of this hydrogen is made using Natural Gas Steam Methane Reforming (NG SMR) or grey 
hydrogen, which releases around 8.5 to 10 kg of CO2 per kg of hydrogen produced. Significant investment 
in green hydrogen production will be required for the ETC’s zero emission scenario to be achieved by 2050. 
Creating an infrastructure for hydrogen distribution and delivery to thousands of future individual fuelling 
stations presents many challenges. Hydrogen has very high energy for its weight, but very low energy for its 
volume; as a result, transporting, storing and delivering it to the point of end-use is more expensive on a per 
gasoline gallon equivalent basis. Building a new hydrogen pipeline network involves high initial capital costs, 
and hydrogen’s properties present unique challenges to pipeline materials and compressor design.
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8.3 Appendix C

Table 6: Total cost of ownership – Mini excavators (2-3t)

Lifespan 10,000 hours1

Annual operating hours 1,200 hours2 (8h/day) †

Equipment attribute Mini excavators (2.5 – 2.8t)

Diesel Battery electric 

SANY SY26U Volvo ECR25 (20 kWh capacity)

Equipment efficiency 5 L / h † 20 kWh with runtime of 4h3

Fuel rate at the
nozzle / charger

$1.50

per L* 

$0.30 per kWh for overnight charging 
(standard on-board charger) and onsite fast 

charging (off-board charging) 

Construction-site infrastructure
(per equipment)

$0 $3,000 #

Upfront purchase cost $50,000 † $130,0004

Annual fuel cost $9,000 $1,800

Annual maintenance and service cost $10,560 § $4,224 ^

Total cost (over lifespan) $213,000 $183,200

Total cost of ownership per operating hour $21.30 $18.32

† Data provided by Lendlease’s supply chain

* prior to fuel price increase due to current international situation

# purchase and installation cost for a 22kW charger (onsite fast charging)

§ $2,200 maintenance and servicing cost every 250 hour of operating hours as provided by Lendlease’s supply chain

^ Assuming annual maintenance cost for battery-electric equipment is 60% lower than diesel equivalent               
 ($880 every 250h)

1.  https://industrytoday.com/mini-excavator-tracks/ 

2.  https://thompsontractor.com/blog/average-lifespan-of-common-construction-equipment/

3.  https://www.volvoce.com/europe/en/products/electric-machines/ecr25-electric/ 

4.  https://www.equipmentworld.com/equipment/article/15115023/volvo-demonstrates-electric-construction-equipment 
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Table 7: Total cost of ownership – Mini spider cranes

Lifespan 18,000 hours1

Annual operating hours 1,200 hours2 (8h / 5day) †

Equipment attribute Mini Spider Cranes

Diesel Battery electric 

Maeda MC-285C- 2 Maeda MC-285C- 3 (DC55V - 135Ah 
capacity)3

Equipment efficiency 1.8 L / h † 7.425 kWh with runtime of 9h †

Fuel rate at the
nozzle / charger

$1.50

per L* 

$0.30 per kWh for charging during 
operation or overnight charging (standard 

on-board charger)  

Construction-site infrastructure
(per equipment)

$0 $0

Upfront purchase cost $95,000 † $148,500 †

Annual fuel cost $3,240 $297

Annual maintenance and service cost $9,600 § $3,840 ^

Total cost (over lifespan) $287,600 $210,555

Total cost of ownership per operating hour $15.98 $11.70

† Data provided by Lendlease’s supply chain

* prior to fuel price increase due to current international situation

# purchase and installation cost for a 22kW charger (onsite fast charging)

§ $2,000 maintenance and servicing cost every 250 hour of operating hours as provided by Lendlease’s supply chain

^ Assuming annual maintenance cost for battery-electric equipment is 60% lower than diesel equivalent                  ($800 every 250h)

1. https://www.pacecranes.com.au/new-construction-equipment-sales/maeda-mini-crawler-cranes/mc285cb-electric-mini-crawler-crane/ 

2. https://thompsontractor.com/blog/average-lifespan-of-common-construction-equipment/

3. https://www.pacecranes.com.au/new-construction-equipment-sales/maeda-mini-crawler-cranes/mc285cb-electric-mini-crawler-crane/ 
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Table 8: Total cost of ownership – Crawler cranes (80t)

Lifespan 18,000 hours1,2

Annual operating hours 1,200 hours3 (8h / 5day) †

Equipment attribute
Telescopic Crawler Cranes (80t)

Diesel Battery electric 

SANY SCC800TB PV-E ECT-80 (260 kWh capacity) 

Equipment efficiency 25 L / h † 260 kWh with runtime of 8h4

Fuel rate at the
nozzle / charger

$1.50

per L* 

$0.30 per kWh for overnight charging 
(standard on-board charger) and onsite fast 

charging (off-board charging) 

Construction-site infrastructure
(per equipment)

$0 $3,000 #

Upfront purchase cost $715,000 † $900,0005

Annual fuel cost $45,000 $11,700

Annual maintenance and service cost $16,320 § $6,528 ^

Total cost (over lifespan) $1,634,800 $1,176,420

Total cost of ownership per operating hour $90.82 $65.36

† Data provided by Lendlease’s supply chain

* prior to fuel price increase due to current international situation

# purchase and installation cost for a 22kW charger (onsite fast charging)

§ $3,400 maintenance and servicing cost every 250 hour of operating hours as provided by Lendlease’s supply chain

^ Assuming annual maintenance cost for battery-electric equipment is 60% lower than diesel equivalent                ($1,360 every 250h)

1. https://www.pacecranes.com.au/new-construction-equipment-sales/maeda-mini-crawler-cranes/mc285cb-electric-mini-crawler-crane/

2. https://kor-pak.com/lifespan-tower-cranes-regular-testing- matters/#:~:text=In%20a%20study%20conducted%20by,to%2025%20years%20or%20more

3. https://thompsontractor.com/blog/average-lifespan-of-common-construction-equipment/

4. https://pv-ecrane.com/products/ect80 

5. https://www.internationalcranes.media/news/pve-announces-electric-crawler-cranes/8009988.article 
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Figure 4: Total cost of ownership per operating hour, detailed breakdown
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