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ABSTRACT: As addressed by the UN Secretary-General, Antonio Guterres, at the opening of the Climate
Implementation Summit at COP27 (Sharm el-Sheikh, Egypt) in 2022, climate change is not only an essential challenge of
our century but the defining issue of our age. Any hope of limiting temperature rise to 1.5°C means achieving global net-
zero emissions by 2050. The built environment and with it the construction industry is worldwide responsible for 39% of
greenhouse gas emissions (CO,), therefore it is our responsibility as part of the construction industry to take stronger
actions and effective accountability. Wherever we are and whichever our position might be, our actions can produce large
positive changes. The following technical paper presents an overview of the contribution of ductile cast-iron piles to
achieve a more sustainable deep foundations industry, by reducing considerably the embodied carbon footprint of the
implemented solutions. It is not too late yet, but we all need to redouble efforts in order to bend the global emissions curve.
It is the fight of our lives and we will lose, unless we work together. The use of innovative and sustainable materials can
definitely help the building sector to face successfully today’s existential challenges.

RESUME: Comme I’a déclaré le Secrétaire général des Nations unies, Antonio Guterres, lors de 1’ouverture de la
conférence sur les changements climatiques dite COP 27 (Charm el-Cheikh, Egypte), le changement climatique n’est pas
seulement un défi essentiel de notre siécle, mais aussi I’enjeu fondamental de notre époque. Tout espoir de limiter la
hausse de la température globale a 1.5°C implique d’atteindre zéro émission nette mondiale d’ici 2050. L’environnement
bati et avec lui I’industrie de la construction sont responsables & hauteur de 39% des émissions de gaz a effet de serre
(CO2) dans le monde. C’est donc notre responsabilité, en tant qu’acteur de I’industrie de la construction, de prendre des
mesures plus fermes et de rendre compte de maniére efficace. Ou que nous nous situions et quelle que soit notre position,
nos actions peuvent produire d'importants changements positifs. Cet article technique présente 1’ensemble des
contributions des pieux battus en fonte ductile pour parvenir a une industrie plus durable des fondations profondes, en
réduisant considérablement l'empreinte carbone intrinséque des solutions mises en ceuvre. Il n’est pas encore trop tard,
mais nous devons tous redoubler d’efforts pour infléchir la courbe des émissions mondiales. C’est le combat de notre vie et
nous le perdrons si nous ne travaillons pas ensemble. L'utilisation de matériaux innovants et durables peut
indiscutablement servir le secteur du batiment dans le but de relever avec succés les défis existentiels d'aujourd'hui.
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1 GREENHOUSE GAS EMISSIONS AND
CLIMATE CHANGE

The work of scientists and researchers around the
world report changes beyond the natural variation of
temperatures on land and in the ocean, as well as
abnormal trends in the timing of seasons, rainfall
patterns and occurrence of extreme climate events,
which affect millions of people globally. The
scientific community acknowledges the irrefutable
link between the human-caused greenhouse gas
(GHG) emissions and the global climate change,
observed in the last decades.
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In response to this, a legally binding international
treaty on climate change - the Paris Agreement - was
adopted by 196 parties in 2015, pursuing efforts to
limit global warming to 1.5 °C by the end of the 21*
century (compared to preindustrial levels). To
achieve this goal, global emissions must reach net-
zero by 2050 (Climate Watch, 2023).

2 THE ENVIRONMENTAL IMPACT OF
THE BUILT ENVIRONMENT

The built environment, consisting of buildings and
infrastructure, is responsible for a large share of the
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human-made global environmental impact, including
approx. 40% of the global energy consumption, 50%
of all raw material extraction, 33% of all potable
water usage and 35% of all waste generation, as well
as 39% of the carbon emissions (AIB and IGBC,
2022).

2.1 GHG emissions

It is estimated that the world emissions reach approx.
48 billion metric tons of GHG (measured in COze)
each year and the built environment accounts for
almost 39% of them (Figure 1), a figure comprising
both operational carbon (resulting from heating,
cooling, lighting, etc.) and embodied carbon, or
emissions resulting from the manufacturing of
materials, construction processes and end of life cycle
phases of all buildings and infrastructure (Figure 2).
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Figure 1. Breakdown of operational and embodied carbon
(Architecture 2030, 2023).
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Figure 2. Life cycle phases of a building (Athena Institute,
2019).

2.2 Importance of embodied carbon

The embodied carbon emissions have largely been
overlooked historically but contribute around 11% of
all global carbon emissions (Figure 1). Carbon
emissions released before the building or
infrastructure begins to be used, sometimes called
upfront carbon, will be responsible for half of the
entire carbon footprint of new construction between
now and 2050 (WGBC, 2019). Taking into account
the embodied carbon, the construction industry is the
biggest offender when it comes to global emissions.
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While the construction industry has made great
strides on the operational front in recent years
(decarbonisation of electricity and gas grids, more
efficient heating/cooling systems, etc.), the embodied
carbon front will be responsible for the majority of
the carbon emissions associated with global new
building and infrastructure (Architecture 2030, 2023).

2.3 The response of the construction industry

Parallel to the reduction of operational carbon, the
construction industry has acknowledged that efforts
must now rapidly increase to tackle embodied carbon
emissions at a global scale, too. In this context,
different global initiatives such as Advancing Net
Zero (World Green Building Council), Envision
(Institute for Sustainable Infrastructure, USA),
Level(s) (European Commission), etc. originated
within the construction sector to decarbonize the
construction industry by 2050.

Because the embodied emissions of a building or
infrastructure project are locked-in once the project is
constructed and cannot be taken back or reduced, the
focus of the construction industry is being set on
minimizing the upfront carbon to the greatest extent
possible and to reduce, or as a last resort, offset all
remaining embodied carbon in order to achieve net
zero across the life cycle of any building or
infrastructure asset (WGBC, 2019). Although
Emissions can be reduced at any point of a project
development stage; the opportunities to limit and/or
reduce upfront embodied carbon are greater at the
earliest stages (HM Treasury, 2013). As a project
progresses, it becomes more challenging to make
design changes to obtain the same outcome
(Figure 3).

Build nothing - challenge the root cause of the need; explore
" alternative approaches to achieve the desired outcome

Build less — maximise the use of existing assets; optimise
' assetoperation and management to reduce the extent of new
construction required

Build clever - design in the use of low carbon materials;
streamline delivery processes; minimise resource consumption

Build efficiently - embrace new construction technologies;
eliminate waste
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Figure 3. Carbon reduction curve (HM Treasury, 2013).

While it is not always possible to follow the
“build nothing” approach, interventions to existing
building and infrastructure assets to re-use them
(“build less” approach) can result in considerable
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reductions. The “build clever” and “build efficiently”
approaches, mainly related to the selection of lower
carbon materials and the adoption of new techniques
that eliminate waste (such as off-site manufacturing),
are applicable to new buildings and infrastructure and
result in important reductions (HM Treasury, 2013).

3 EMBODIED CARBON IN DEEP
FOUNDATIONS

Deep foundations are integral to the built
environment and the broader civil engineering and
construction industry. The positive impacts of
reducing carbon emissions are commendable reasons
to change the way the deep foundation industry
operates (Martin, 2022). The first step to reduce the
embodied carbon in deep foundations is to quantify
the carbon footprint of the designed and built
solutions. Based on the quantification, it is possible to
compare and contrast different technical approaches
within a project, identifying the sources that drive the
upfront carbon emissions (i.e. materials) and to
implement optimizing measures to effectively reduce
them and/or mitigate their impact. A very helpful tool
is the Carbon Calculator, developed by the European
Federation of Foundation Contractors (EFFC, UK)
and the Deep Foundations Institute (DFI, USA),
using verifiable and standardised data to estimate the
upfront carbon of special geotechnical works.
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Figure 4. Contribution of different emission categories to
the total carbon footprint of special geotechnical works
(Martin, 2022).

The assessment of different case studies (Figure 4)
shows that for most techniques in the deep foundation
industry, the largest impact on the total carbon
footprint of the implemented solutions came from
materials (Martin, 2022), such as cement and steel,
both materials with a high global warming potential

(Figure 5).
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Figure 5. Embodied Carbon and embodied energy for
different construction materials (Barcelo et al, 2014).

4 DUCTILE IRON PILES

Ductile iron piles (DIPs) are low vibration, driven,
full-displacement piles, installed using a medium-
sized excavator and a hydraulic breaker hammer with
a modified shank that seats into the pile socket (bell)
for driving, using the hammer’s percussive energy
(Figure 6). DIPs are used to transfer loads from the
superstructure into the lower soil layers and/or to
limit deformations, developing skin friction and end-
bearing capacity (Lopez and Steinlechner, 2023).

Figure 6. Execution of ductile iron piles (DIPs).

4.1 Embodied carbon of DIPs

The pile elements are produced using 100% of
recycled materials (steel scrap), which are smelted in
a furnace with the help of coke as a reaction and
reduction agent (Bau EPD GmbH, 2022). Due to the
use of 100% recycled materials in the production and
the potential implementation of additional measures
to reduce the carbon intensity of the manufacturing
process (i.e. re-use of waste heat, exhaust air and
water treatment, use of renewable energy, etc.) result
in further reductions of the system’s total carbon
footprint, enabling DIPs to fall under the category of
low carbon materials.

4.2 A comparative analysis

In 2017, two technical proposals for the deep
foundations of a new production and logistics
warehouse in Germany (Figure 7) were compared.
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TECHNICAL PROPOSAL (ORIGINAL)
NUMBER OF PILES: 24

TECHNICAL PROPOSAL (ALTERNATIVE)
NUMBER OF PILES: 43
DIP TRM 118 | 7.5Mm
270 mm
LENGTH: 10m

TypE: BORED PILES Type:
620 MM
LENGTH: 8m

DIAMETER: DIAMETER:

Figure 7. Technical proposals for the comparative analysis
(modified after Gschosser, 2018).

The results of a life cycle analysis for both
alternatives (bored piles and grouted DIPs) are
summarized in Table 1. Compared to the bored pile
solution, the execution of DIPs presented a reduction
of about 29% in the embodied carbon emissions. In
addition, the DIP proposal saved approx. 25% of
construction costs and 60% of execution time.

Table 1. Embodied carbon analysis (Gschédsser, 2018).

Cast-in-place bored piles

Phase Description Ton COze
Material Concrete 15.97
Al-A3 production Rebars 3.20
Ad Tra.nspofc to Concrete 0.69
project site ! Rebars 0.04
A5 Construction Total 4.45
Total 24.35

Ductile iron piles (DIPs)

Phase Description Ton COze
Material Concrete 6.20
Al-A3 production DIP 9.59
A4 Transport to Concrete ? 0.27
project site ? DIP 0.29
A5 Construction Total 0.93
Total 17.28

D Transport Concrete: 30 km / transport rebars: 100km
2 Transport concrete: 30 km / transport DIPs: 300km

5 SUMMARY AND FINAL REMARKS

Buildings and infrastructure are currently responsible
for 39% of global carbon emissions, thus,
decarbonising the construction sector is one of the
most cost effective ways to mitigate the worst effects
of climate breakdown, however, the pace and scope
of decarbonisation efforts must be radically
increased,  collaborating  across the  whole
construction value chain to develop and deploy more
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low embodied carbon alternatives, required to
achieve the scale of change needed (WGBC, 2019).
Deep foundations are an integral part of the built
environment; therefore sustainability should also be a
key consideration in the industry. Ductile iron piles
fall into the category of low carbon materials, due to
the use of 100% recycled materials and the
implementation of potential improvements in their
manufacturing process. DIP solutions comply with
the core philosophy of embodied carbon reductions
(Figure 4), allowing to build clever and efficiently,
contributing to a more sustainable deep foundations
industry.
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