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ABSTRACT

Beyond ensuring the structural integrity of the foundation system, its sustainability is equally
important, as enhancing the environmental performance of foundations plays a key role in
advancing sustainable construction. There are different types of foundation systems, and their
applicability varies on the type of the building and the soil conditions. The main objective of
this research is to evaluate the sustainability of screw piles (SP) and bored piers (BP) through
a life cycle analysis (LCA) from the perspectives of carbon emission and energy consumption.
A cradle-to-grave LCA is performed for the pile systems, starting from the manufacturing to the
end-of-life, to quantify the associated global warming potential (GWP) and energy consump-
tion (EC) of both BP and SP. This study follows a process-based approach, where individual
processes associated with each life cycle stage are considered separately in the analysis. For an
average job with 50, 3-m piles under normal circumstances (i.e. standard material and machin-
ery use, normal weather), screw piles showed a 56% reduction in GWP and a 34% reduction in
EC compared to an equivalent bored pier system. However, based on the pile length and the
diameter impacts can vary and at higher length, SP have significant low environmental impacts
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compared to BP.

1. Introduction

The embodied carbon emissions (encompassing upfront,
use and end-of-life phases) from the construction sector
account for approximately 11% of total carbon emissions
in Australia from 2022 to 2023, highlighting its pivotal
role in national decarbonisation efforts (Infrastructure
Australia 2024). While operational emissions from
energy use in buildings have been a primary focus, embo-
died carbon arising from materials and construction
processes represents a significant yet often overlooked
contributor. Nationally, the building sector dominates
upfront carbon emissions, contributing 78% from mate-
rials manufacturing, 5% from transport to site, and 17%
from the construction process, making it the largest
emitter compared to transport and utilities sectors
(Infrastructure Australia 2024). State-level data further
reinforce this trend, with New South Wales (13,000 kt
C0,eq), Queensland (22,000 kt CO,eq), and Victoria
(9,500 kt CO,eq) showing significant emissions domi-
nated by building activities (Infrastructure Australia
2024).

A major driver of this embodied carbon is cement-
based products, which alone contribute over 8% of
global carbon emissions due to their carbon-
intensive production processes, where 0.5 to 0.6
tonnes of CO, are emitted for every tonne of cement

produced (Hanifa et al. 2023; Migunthanna, Rajeev,
and Sanjayan 2024). Furthermore, concrete use has
grown 10-fold in the past 65 years, far outpacing the
growth of alternative materials such as steel or timber,
establishing its dominance in the construction sector
(United Nations Environment Programme, “Building
materials and the climate 2023).

Foundation systems of building sector heavily rely on
concrete use with major foundation types such as stif-
fened raft, footing slab, strip footings and bore piers
typically constructed with concrete (Standards Australia
2011). Decarbonisation incentives have inspired innova-
tions on piling system such as screw piles (Mohajerani,
Bosnjak, and Bromwich 2016). This study focuses on two
foundation systems; bored piers and screw piles. Bored
piers are foundational elements created by excavating
a hole in the ground and subsequently filling it with
concrete. In contrast, screw piles resemble large screw
due to the presence of helical blades at the end of the
shaft. These piles are screwed into the ground using
hydraulic machinery, and the installation process is gen-
erally simpler and more efficient compared to that of
bored piers (Practice Note 28 2015).

Both foundation systems generate environmental
impacts at each stage of their life cycle, including
material extraction, production, installation, and end-
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of-life. These impacts can be directly linked to the piles
themselves or indirectly associated with other
resources and processes critical to the construction
of the foundation system. By examining the bored
pier foundation and screw pile foundation systems
through a Life Cycle Assessment (LCA) framework,
this study compared these two systems to uncover
opportunities for emission reductions. The study
advances the understanding of the carbon profiles of
two prominent foundation systems, adopts a practical
approach underpinned by real project data obtained
through industry collaboration, and develops an
extensible toolbox for direct industry application.

2. Approach and inventory analysis

In this study, the process-based approach was
selected. Consequently, inventory data was gathered
by considering the sequence of processes, starting
from raw material processing through to the end-of
-life stage of both foundation systems
(Migunthanna et al. 2022). Valid and accredited
databases such as National Greenhouse Accounts
Factors (2023), Environmental Performance in
Construction (EPiC) database (2024); peer-
reviewed publications (Hanifa et al. 2023; Inazumi
et al. 2020; Migunthanna et al. 2022; Mohajerani,
Bosnjak, and Bromwich 2016); reports and case
studies from government organisations; and user
guides, handbooks and environmental product
declarations (EPDs) from manufacturer were used
as sources for data collection. In addition, real field
data from the industrial partners, Katana
Foundation and Ideal Corp, were used in the calcu-
lations, especially those related to the installation
processes, types and efficiency of machinery
included in the inventory. The life-cycle data collec-
tion and calculation were performed in accordance
with the modular structure defined in EN-15978
standard (European committee for Standardization
2011) (Figure 1). The following life-cycle modules
were considered in this research, which set up the
system boundary of the study: Product stage (Al-

A3), Construction process stage (A4 and A5), Use
stage (B) and End-of-life stage (C1-C4).

The use stage (B) was assumed to generate no impact
as no scenario could be defined for either pile systems
that involves activities typically associated with this
stage. The environmental impacts of the recovery
stage (D)include benefits and loads beyond the system
boundary related to recovery, reuse, and recycle poten-
tials. Therefore, recovery stage was excluded from the
final evaluation sincethese impacts lie outside the
defined system boundary. Their inclusion could lead
to double counting, especially since the net impacts
associated with this stage cannot be reliably quantified.

The inventory for the LCA was created to estimate
two main parameters, namely global warming poten-
tial (GWP) and energy consumption (EC).

Carbon emissions are quantified in terms of GWP,
which measures the effects of various greenhouse
gases relative to carbon dioxide (CO,) over a specific
period, typically 20, 100, or 500 years. GWP quantifies
how much heat a greenhouse gas traps in the atmo-
sphere compared to CO,, which has a GWP of 1
(Kendall 2012; Neubauer 2021). Methane (CH,) is
estimated to have a GWP of 27 to 30 over 100 years,
and nitrous oxide (N,0) has a GWP that is 273 greater
than that of CO, over the same period (Kendall 2012;
Neubauer 2021). This study adopts the metric of car-
bon dioxide equivalent (CO,.q) to report GWP,
accounting for the normalised GWP of other green-
house gases in addition to CO,.

EC accounts for the total amount of energy used
throughout the pile life cycle, from the extraction of
raw materials to the end of its life. This includes energy
consumed in manufacturing, construction, transporta-
tion, and disposal and processing for recycling.

3. Results and discussion

3.1. Estimation of GWP and EC in screw pile and
bored pier systems

3.1.1. Product stage
Bored piers are cylindrical structural elements where
material usage is directly proportional to the pile
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Figure 1. Life-cycle modules in accordance with EN-15978.



length. In contrast, screw piles do not exhibit a linear
relationship between material usage and pile length.
The end of a screw pile includes helixes, which
increase the material requirements and weight at the
pile base. Thus, only the pipe section of the screw pile
maintains a linear relationship with material require-
ments. Consequently, in the calculations, the weights
of the helixes and the pipe were considered separately.

The estimates for steel and concrete production
impacts were derived using the EPiC database version
2024. Accordingly, GWP and EC in manufacturing of
1 kg of steel pile was considered as 3.5 kgCO,.4/kg and
42.9 MJ/kg, respectively. GWP in producing 1 m’ of
25 MPa conventional OPC-based concrete can be
taken as 368 kgCOZeq/m3. For the same concrete, EC
during production is around 2691 MJ/m”.

To reflect practical field applications of screw pile
systems, a 3-m-long pile was used as a representative
length of an average job in the sample calculations and
impact interpretation. Specifically, an 8-helix screw
pile with a length of 3 m, an external diameter of
76 mm, a thickness of 4 mm and helix diameter of
250 mm was evaluated. A comparison was then made
with an equivalent length bored pier constructed using
grade 25 OPC-based concrete (i.e., 450 mm diameter
and 3 m long to represent the typical application).

Considering a typical pile, screw piles showed 49%
less GWP and 15% less EC when compared to bored
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pier (Figures 2(a) and 2(b)). The primary difference in
the impacts at product stage can be attributed the
material savings associated with the screw pile.

3.1.2. Construction process stage
The construction process stage includes two key
modules:

(1) Installation or construction of the piles.
(2) Transportation of piles or materials to the site

3.1.2.1. Installation or construction of piles. The
GWP and EC during pile installation or construction
are influenced by several factors, such as types of machin-
ery used, power consumption of the machinery, installa-
tion efficiency (i.e., the number of piles installed during
a typical workday), and pile depth. A functional unit of
one pile installed to a depth of 1 metre was used to
estimate the impacts. Data for fuel efficiency of construc-
tion machinery was primarily sourced from the
Caterpillar® Performance Handbook (Caterpillar©
2023), while the National Greenhouse Accounts Factors
(2023) served as the main reference for estimating GWP
and EC related to fuel usage. Table 1 shows the numerical
values considered in calculating impacts related to con-
struction process stage which are summarised in
Figures 2(c) and 2(d) illustrations.

Product stage Construction process stage End-of-life
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Figure 2. GWP and EC for screw piles (SP) and bored piers (BP) at different lifecycle stages. Values are estimated consideringa 3 m
long pile. For SP external diameter =76 mm, thickness =4 mm, 8 helixes with diameter 250 mm. For BP diameter =450 mm,

concrete grade =25 MPa. All travel distances are 1 km.
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Table 1. Details and parameters considered in estimating impacts in construction process stage.

Property Screw pile Bored pier

Screw pile Concrete Spoil
Activity delivery Installation ~ Boring holes delivery Spoil loading transport
Vehicle type Sleeper cab Mini Mini Mixer truck Skid steer Tipper truck

excavator excavator loader
Fuel type “Diesel Diesel Diesel Diesel Diesel Diesel
Fuel consumption ¥0.172 L/km 44 L/day 35.2 L/day 0.2 L/km 1.04 L/tonne  0.36 L/km
Vehicle capacity 11 tonne - - 5m’ =11 - 11 tonne
tonne
Operating mode - High Medium - - -
Vehicle average speed when loaded at maximum 40 km/h - - 40 km/h - 40 km/h
capacity

Distance travelled by the loaded vehicle 1 km - - 1 km - 1 km
Distance travelled by the unloaded vehicle 1 km - 1 km - 1 km

Emission factors for Diesel is considered as 3.437 CO,.q/L and energy usage is considered as 38.6 MJ/L ().

*Fuel consumption of the loaded vehicle (Frey and Kim 1987).

The following assumptions were made for this stage
considering the actual field data:

(1) The excavator operates in high fuel consump-
tion mode during screw pile installation (Zayed
and Halpin 2005).

(2) The excavator operates in medium fuel con-
sumption mode during drilling for bored piers.

(3) Under general conditions, 75 piles can be
installed to an average depth of 3 metres
per day.

(4) The same type of equipment (i.e. mini excava-
tor) is used for installing both pile types.

(5) The number of screw piles installed per day is
assumed to equal to the number of bored piers
constructed per day.

For fuel consumption, the assumptions are based on
idle time of the machines when carrying out the two
types of operation. Fuel consumption for the drill rig is
sourced from the Caterpillar Performance Handbook
(Caterpillar®, 2023), where its fuel consumption
values assume the following idle time percentages:
50% for low, 30% for medium, 10% for high.
Considering bored pier piling involves removing soil
with a high torque initially but intermittent penetra-
tion thereafter due to the installation cycle (setup,
drilling, returning, unloading, swing-back, etc)
(Zayed and Halpin 2005), medium fuel consumption
(30% idle) is selected for bored piers while high-fuel
consumption (10% idle) is selected for screw piles as it
does not involve much of the sequence.

Installation of screw piles is energy-intensive com-
pared to boring holes for bored piers. However, once
the screw pile is installed, the process is complete. In
contrast, bored pier construction involves additional
steps, namely, transporting concrete to the site and
pouring it into the bored holes, loading the excavated
spoil onto separate vehicles and transporting it to
disposal facilities. Hence, for screw piles, only one
excavator with an auger is typically required for instal-
lation. For bored piers, additional equipment such as

a concrete truck mixer, loader, and tipper truck is
required, resulting in higher impacts for bored pier
construction when considering all processes as shown
in Figures 2(c) and 2(d). The simple and efficient
installation process of screw piles resulted in 60%
less impacts compared to the construction of bored
piers.

In rainy conditions, dewatering is required after
boring holes to remove accumulated water before
pouring concrete. This additional process increases
the associated environmental impacts related to the
bored pier construction. However, impacts due to
dewatering are not considered in this analysis, as it is
considered a situational risk rather than a standard
process.

Table 1 summarises the different vehicle types, fuel
consumption and other parameters that were consid-
ered in estimated the GWP and EC.

3.1.2.2. Transportation impacts at construction pro-
cess stage. Screw piles are transported from the man-
ufacturing facility to a storage facility (if necessary)
and then to the installation site. For bored piers, multi-
ple transportation activities with heavy and volumi-
nous materials are involved including delivering
concrete to the construction site and hauling exca-
vated spoil to a disposal location. These activities
involve different vehicles with varying fuel efficiencies
and distances.

When considering round trips, vehicles operate
under both loaded and unloaded conditions, which
affects overall transportation emissions. A fully loaded
heavy-duty vehicle consumes approximately 1.2 times
the fuel compared to its unloaded condition (Frey and
Kim 1987). Additionally, vehicle speed and travel dis-
tance significantly influence the GWP and EC during
transportation.

3.1.3. Use stage

The use stage of a pile refers to the period when the
pile remains underground and supports the super-
structure. This stage does not have any impact on the
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direct life cycle of the pile and no maintenance access. (2) Demolished screw piles are transported using
Hence, the use stage GWP and EC are nil for both pile sleeper cabs.
systems.

In bored pier demolition:
3.1.4. End-of-life stage

The end-of-life stage represents the final phase in the (3) The excavator used for boring pile holes in the
lifecycle of a pile. Four sub-modules are considered in construction stage is also used for peripheral
this stage: excavation during demolition. The same exca-
vator is used for attaching the pile breaker
(1) Deconstruction or demolition (4) The excavator operates in low mode with 50%
(2) Transport idle time during peripheral excavation and in
(3) Waste processing (i.e. for recycling) high mode when using the pile breaker.
(4) Disposal. (5) On average, it takes 6 h to excavate around 75

piles of 450 mm diameter to a depth of 1 metre.

(6) Hydraulic pile breakers can demolish 30 con-
crete piles of 1 m diameter and 1 m depth in
8 h (Inazumi et al. 2020).

(7) A similar loader is used to load spoil during
construction and demolition waste.

(8) The total volume of demolished waste equals the
concrete pile volume plus an additional 10% to
account for spoil generated during peripheral
excavation.

(9) Demolished bored piers are transported using
tipper trucks.

3.1.4.1. Deconstruction or demolition of piles. The
deconstruction of screw piles is similar to their instal-
lation process, with the main difference being the
reversal of the auger rotation direction.
Consequently, GWP and EC during the deconstruc-
tion of screw piles are assumed to be equivalent to the
impacts incurred during installation.

In contrast, the demolition process for bored piers
involves several steps and requires various machinery.
The process begins with excavating the surrounding
area to expose the concrete pier. Once exposed, the
pile can be demolished using various methods. The
basic method is using handheld light breakers or 3.1.4.2. Transportation Of demolished materials.
mounted pneumatic heavy breakers. These traditional This module accounts for the transport of waste
methods are labour-intensive and time-consuming. ~ generated during demolition to processing and dis-
Use of hydraulic pile breakers is another common  Pposal facilities. All waste is initially transported to
method in removing concrete piles. Pile breakers are ~ @ processing facility for sorting and recycling. Since
specialised attachments, mounted on heavy-duty ~ Dot all waste is recycled, a portion is transported
machinery such as excavators, efficiently remove or ~ from the processing facility to a landfill. The total
trim exposed pile concrete (Drillmaster). Pulling-out ~ transport impact is the sum of impacts from trans-
method is another technique used in removal of con- ~ Porting waste to the processing facility and the
crete piles and this method requires specific machin- ~ impacts from transporting unrecycled or remaining
ery to extract piles (Inazumi et al. 2020). The  Waste to the landfill.
environmental impacts vary based on the demolition
method used. For this analysis, demolition using  3.1.4.3. Waste processing. Waste transported to
hydraulic pile breakers was considered, as it represents ~ processing facilities is sorted for recycling, which
a moderate approach in terms of time, labour, and  generates environmental impacts. Standardised
equipment requirements. GWP and EC values for end-of-life processes are

The following assumptions were made in estimat- not commonly available in the databases used.
ing the GWP and EC for the pile demolition mainly =~ Therefore, values were derived from published
considering the industry provided data from the real- ~ EPDs for similar materials (BCG Concrete 2022;
world applications. BlueScope Steel Ltd 2023). The estimated GWP and

In screw pile demolition: EC for a functional unit are given in Table 2. The

recycling and disposal rates of concrete waste were

(1) The equipment and power consumption for  estimated based on waste management trends in

screw pile installation and demolition are  Australia over the past 5 years (Pickin et al. 2022),
similar. it was considered as 80%. The screw piles (steel

Table 2. GWP and EC estimations corresponding to the waste processing stage.

Activity/parameter Screw pile recycling Bored pier recycling
Recycling rate 100% 80%
Functional unit 1 kg of waste steel 1 m? of waste concrete
GWP per functional unit 0.044 kgCO5eq/kg 7.43 kgCOzqu/m3

EC per functional unit 0.476 MJ/kg 1.8 MJ/m
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Table 3. GWP and EC estimations corresponding to the waste disposal stage.

Activity/parameter Screw pile disposal Bored pier disposal

Disposal rate Nil 20%

Functional unit 1 kg of waste steel 1 m? of waste concrete

GWP per functional unit 0.005 kgCO,eq/kg 133 kgCOqu/m3

EC per functional unit 0.069 MJ/kg 1.56 MJ/m?

Table 4. Details and parameters considered in estimating impacts in end-of-life stage.
Property Screw pile Bored pier
Waste screw pile Excavation for pile Demolition waste Spoil
Activity Demolition transport removal Pile breaker loading transport
Vehicle type Mini Sleeper cab Mini excavator Mini Skid steer loader  Tipper truck
excavator excavator
Fuel type Diesel Diesel Diesel Diesel Diesel Diesel
Fuel consumption 44 L/day *0.172 L/km 26.1 L/day 58.7 L/day 1.04 L/tonne 0.36 L/km
Vehicle capacity - 11 tonne - - - 11 tonne
Operating mode High - Low High - -
Distance travelled at each 1 km 1 km
instance
Total waste generated Weight of the pile installed (25.5 kg) 1.1 x Weight of concrete pile constructed (1.26 tonne). Additional 10%
represent the spoil generated during excavation

% of total waste recycled 100 80
% of total waste disposed Nil 20

*Fuel consumption of the loaded vehicle.

product) was assumed to be 100% recyclable as sug-
gested in current practices.

3.1.4.4. Waste disposal. Waste disposal is the final
module in the pile lifecycle. After processing,
unrecycled waste is sent to the landfill, contributing
to GWP and EC. Based on the EPDs of product with
similar materials, the estimates of the GWP and EC
corresponding to disposal of demolished waste are
shown in Table 3.

Figures 2(e) and 2(f) show the GWP and EC,
respectively, estimated for a 3-m-long pile in the end-
of-life stage. Table 4 summarises the sample values
and inventory data used for these calculations.
Similar to the construction process stage, the similar
and effective demolition, use of less machinery in
screw pile demolition resulted lower impacts when
compared to that of bored piers.

3.2. Estimation for an average foundation job:
case study

For an average job considered (i.e. 50 piles, 3 m
depth), the GWP and EC estimated are shown in
Figure 3. All the travel distances are assumed to be
50 km. Compared to bored piers, screw piles demon-
strate approximately a 49% reduction in GWP and
a 15% reduction in EC in the product stage. For the
case study considered, transporting screw piles at con-
struction process stage results in approximately 65%
lower impacts, and their construction has 85% less
impact compared to an equivalent job using bored
piers.

Similar to construction, the deconstruction of
screw piles is a simpler and more straightforward
process compared to the demolition of bored piers.
Additionally, the amount of waste generated during
screw pile deconstruction is significantly lighter than
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Figure 3. (a) Total GWP and (a) total EC estimated for the life c

ycle of an average job considering 50 piles with 3 m length. Table 4

summaries the parameters used in calculation of total impacts.



the demolition waste from bored piers, which greatly
reduces transportation impacts. The GWP and EC
impacts during the deconstruction process of screw
piles are 74% lower compared to bored piers.
Transportation of demolition waste for screw piles
results in 94% lower impacts compared to bored
piers. Furthermore, the GWP associated with recy-
cling of screw piles is 60% lower compared to that of
bored piers. However, the EC during recycling is sig-
nificantly higher for screw piles mainly attributed to
the higher temperature-based processes associated at
this stage. Although the recycling impacts are higher,
screw piles can be fully recycled which result in no
impacts associated with disposal. When calculating
the total impacts in the end-of-life stage, screw piles
exhibit 85% less GWP and 84% less EC compared to
bored piers.

Considering the entire life cycle, from material
production to the end of life, the case study results
indicate that screw piles generate approximately 56%
less GWP and 34% less EC compared to that of bored
piers (Figure 3).

These reduction percentages vary depending on the
pile length and diameter. Generally, the capacity of
screw piles is calculated mainly based on end bearing,
whereas for bored piers both end bearing and skin
friction are dominant. Therefore, if the same structure
is supported by bored piers and screw piles in two
separate cases, the number of piles, their depth, and
their diameter may vary due to differences in capacity
and performance under specific soil conditions.
Additionally, different pile lengths may be required
within the same structure due to varying soil condi-
tions. Therefore, computing an exact GWP and EC
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values for foundation system is complex. For typical
screw piles and bored piers under common scenarios,
the impacts can be estimated using the impact graphs
shown in Figure 4. If different pile depths are involved,
they can be estimated separately and then summed
together to obtain the total impact.

3.3. Scenario analysis

The total environmental impacts of foundation sys-
tems can vary based on several factors, including pile
length, the number of piles, machinery efficiency, and
the type of equipment used, among others. However,
the current analysis demonstrates that under normal
circumstances, screw piles have less environmental
impact compared to bored piers. Hence, variation in
environmental impacts under common scenarios were
also evaluated.

3.3.1. Effect of pile length
Figure 5 illustrates the variation in total GWP and EC
with changes in pile length for a single pile. As pile
length increases, total impacts also increase (Figures 4
and 5), which is expected due to higher material usage,
greater time and energy requirements for installation
and demolition, and increased waste generation.
However, the rate of increase in total impacts is higher
for bored piers compared to screw piles

Although the total impacts of bored piers are gen-
erally higher, examining individual life cycle stages
reveals different behaviour. During the product stage,
screw piles with a length of less than 1.5m exhibit
higher energy consumption compared to bored piers,
as shown in Figure 6. However, the GWP remains

200000 - SP-1m
——SP-2m
——SP-3m

160000 - SP-4m
-=-=-BP-1Im
- —-——-BP-2m

= 120000

% BP-3m
5]

M 80000

40000 -

O I I 1 1 1

Number of piles
(b)

Figure 4. Estimation of (a) GWP and (b) EC for different pile depths and pile count. Tables 1 to 4 summaries the parameters used in

calculation of total impacts.
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Figure 5. Total (a) GWP and (b) EC for single bored pier and screw pile at different pile depths. Tables 1 to 4 summaries the

parameters used in calculation of total impacts.
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Figure 6. Variation of (a) GWP and (b) EC at product stage of a single pile of different lengths.

lower even for the shorter screw piles (i.e. length < 1.5
m). This is because the weight and material usage of
screw piles are not directly proportional to their
length. As the pile length increases, this behaviour
shifts, and once the pile length exceeds 1.5 m, screw
piles consume less energy than bored piers

3.3.2. Effect of green cement-based concrete

The product stage of pile systems contributes the
most to their overall environmental impacts.
Reducing impacts during this stage can signifi-
cantly lower total environmental impacts. In the
current analysis, conventional steel and concrete

are materials considered for screw piles and bored
piers, respectively, during the product-stage evalua-
tion. The impact factors for steel do not account
for the use of recycled steel (i.e., scrap metal) in
pile manufacturing. Similarly, the analysis for
bored piers does not consider concrete made with
sustainable alternatives to OPC.

With a growing emphasis on decarbonising con-
struction, conventional steel and concrete have been
increasingly explored with sustainable, low-impact
alternatives. Several types of green concrete have
been proposed by researchers, with some already in
practical use. Blended cements are one popular and
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Figure 7. Variation of total (a) GWP and (b) EC for bored piers constructed with fly ash-blended cement. Pile length was taken as 3
m. Tables 1 to 4 summaries the parameters used in calculation of total impacts.

sustainable concrete option currently used in construc-
tion. For comparison purposes, the total environmental
impacts (GWP and EC) for 3 m long bored piers made
from 25 MPa concrete using fly ash-blended cement of
varying percentages (10% to 60%) have been evaluated
to compare with that of screw piles using conventional
steel. The results are shown in Figure 7. The impact
factors were sourced from the EPiC database (2024).
Among the various types of blended cements available
in the database, fly ash-blended cements exhibit the
lowest environmental impacts and were therefore
selected for this comparison.

Figure 7 shows that, even when bored piers are
constructed with sustainable fly ash-blended cements,
the total impacts of screw piles made with conven-
tional steel remain lower. These values may vary
depending on the type of green concrete used.
Consequently, incorporating recycled steel into the
manufacturing process of screw piles could further
reduce their associated impacts.

4, Conclutions

The study investigated the environmental impacts of
screw pile and bored pier foundation system considering
their whole life cycle. Impacts were estimated in terms of
global warming potential (GWP) and energy consump-
tion (EC). The following conclusions were made

e Compared to bored piers, significant savings in
GWP and EC can be achieved with screw piles
due to the lower material consumption, simple
construction process and lightweight design and
efficient transportation.

e Bored pier demolition is a time-consuming

process and generates heavier and more volu-
minous waste, thus resulting in higher GWP
and EC at end-of life stage compared to that
of screw piles.

¢ Considering an average job, screw piles demon-

strate approximately a 49% reduction in GWP
and a 15% reduction in EC in the product stage;
79% lower impacts for both GWP and EC in the
construction process stage and 85% less GWP
and 84% less EC in the end-of-life stage, com-
pared to bored piers.

e For both pile types, product stage has the main

contribution towards the impacts over the life
cycle.

¢ Considering the entire life cycle, from material

production to the end-of-life, screw piles result in
approximately 56% less GWP and 34% less EC
compared to bored piers for an average job.

e At shorter pile lengths, screw piles show

higher impacts than bored piers due to the
concentrated weight of the helixes at the end.
Based on the pile length and the diameter
impacts can be vary. At higher length, screw
piles have significant low environmental
impacts compared to bored piers.

e The use of green cement-based concrete can

significantly reduce the impacts associated
with bored piers. The total impacts of screw
piles produced with virgin materials showed
lower impact values compared to bored piers
made with green cement-based concrete
mainly due to light weight and simple con-
struction and de-construction process.
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