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• Mechanized tunnelling demand  is growing - water, energy, mobility and 
support infrastructures

• The challenges of underground infrastructures are increasing

• Projects face higher complexity, tighter environmental & social 
constraints, and stronger pressure on time, cost and risk.

Introduction

The presentation outlines the state of art of the technology and operational strategies that reduce energy/water 
use, shorten cycle time, and improve sustainability
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Tunnel Boring Machines (TBMs) are integrated construction systems that transform tunnelling from a traditional construction 
activity into an industrialized low noise and vibration process employing highly specialized crews on board, usually working in 
shifts 24/24, 7/7.

The Key Components of a TBM are:
• The rotating cutterhead excavates the ground while hydraulic jacks push the machine forward
• The erector that install the precast tunnel lining segments (most commonly) immediately behind the excavation face in the 

shield, forming the final structure during advance.
• The Back up gantries that support the machine and that can be long up to 300m for small tunnels

TBMs enable high productivity, reduced surface impact, improved safety and more predictable construction performance
Typical set up of a  9m diameter TBM

What are the TBMs?
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Typical TBM diameter ranges between 
3 to 18m. Daily production can reach 
>50m advance depending on geology

The Main drive is the core of the TBM:
- Usually electric-motor driven
- The most powerful and energy-intensive 

system of the machine (up to more than
14MW in very large machines)

It accounts for 60-70% of the TBM inst. power

3.8m Bergen Point (USA) TBM 17.5m Alaskan Way (US) TBM
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Different TBM types are used depending on ground conditions and water, requiring different muck transport systems

Hard Rock TBM
(SS, DS, Open)

Soft Soil Pressurized TBM 
(EPB & SLURRY TBMs)

HYBRID / MULTIMODE TBM
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1. ⚡Acting on the consumption of resources by the TBM (power, water)

2. ⏱️Reducing construction times: technological innovations and concurrent activities, monitoring of 
parameters, predictive maintenance

3. ♻️Optimising construction material and muck : precasting, lining &backfilling, muck conditioning
and reuse

How we’re making TBM tunnelling more sustainable?

1 2 3
⚡

1

2

3
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TBM manufacturers have been pushed to develop the ‘Green TBM’, a WB concept, that includes features such
as:

• Introduction of high efficiency motor, with first use PMSM for the drives in some TBMs

• Variable Frequency Drives (VFD)

• Motors Class IE4 (higher efficiency)

• Improved Power Factor

• Stage V generators for reduced emissions

1- Consumption – the Green TBM Concept1
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- Automatic utilities management system: a software that automatically control and optimize the utilization 
of the different electric motor and utilities that are part of the TBM system by:

• Shutting off the motors of the hydraulic pumps that are not required to be operative

• Adjusting the conveyor speed and power to the actual flow of muck

• Turning on and off the different utilities according the needs of the specific operation (as

compressors, refuge chamber, back-fill grouting, foaming system, segment crane, others)

- Eco cruise:

Adjusting the cutterhead thrust, speed, torque and power to suite the chosen penetration rate

1- Consumption – the Green TBM Concept1
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- Water consumption:  Closed water circuit in the machine, reduction of water needs according to the reduced power 
consumption

- Water re-use: High efficiency water treatment plant at the portal allow to reuse the waste water

1- Consumption – the Green TBM Concept

TBM Heat Exchanger

1
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• Reduce the energy required in the manufacturing process of the TBM 

• TBM Components Re-use

• Modified structural design of the Cutterhead to increase the material flow

1- Consumption – the Green TBM Concept

More open cutterhead center

Increase in the number of loading buckets

Increased opening coefficient

In addition,  specific agreements with electric companies to supply renewable energy

Anti clogging 

1
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2  Reducing construction time - Continuous mining in Single Shield TBMs

The System allows to start the

installation of the lining segments at

the same time as the excavation

phase, resulting in a reduction in feed

cycle time and energy consumption.

2
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Xenia (Italy) invert casted in place from the TBM 

casting

cleaning

casting

curing

2  Reducing construction time - Casting during advance2
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2- Reducing construction time - developing Hybrid/ Multimode TBMs

casti
ng

Capability to adapt to different geological conditions reducing downtime during ground transitions

Funes TBM (Italy) 
CHD conversion

2
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Software that collects, monitor, elaborate and share in real time data from all the equipment, with 
module of Artificial Intelligence–guided assistance that ensures continuous support to the TBM operator.

2- Reducing construction time - Monitoring of equipment parameters2
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‘Measure to optimize’

2- Reducing construction time - Monitoring of equipment parameters2



2- Reducing construction time - less shutdowns with predictive maint.
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Robotics and artificial intelligence technologies

increased by more than 30% compared to 
previous systems. 

3 Construction Material and Muck – The Robolplant for segments

DIGITALIZATION
Software controlling
quality, production
and storages

SUSTAINABILITY
Power by solar panels
water treatment,
recycling & rain water usage

QUALITY
Control of curing cycle
& concrete strength
at demoulding

and storage management

SAFETY 
Laser scanners control
presence of workers
in unsafe areas

3
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More than 60% of the carbon footprint of tunnel construction is embodied in the 
concrete linings.

Mitigating actions include:

• Reduce Volume of concrete

• Reduce the Portland cement amount

• Reduce the tradition steel reinforcement

3 Construction Material and Muck – The lining design

Similarly, studies and first applications are ongoing for low carbon backfilling grout

3
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Muck management is very depending on the geology excavated, natural contaminants and TBM technology applied 
to excavate and require specific assessments.

Material coming from Hard Rock TBMs  can be often crushed and reused also to create aggregates.

Material coming from Soft soil machines (EPB/Slurry), due to presence of conditioning agents (tenside / polimers / 
bentonite), might require a time of biodegradation and is usually sent to deposits / landfill.

Predictive analyses and timely assessments in consideration of the TBM employed are necessary

3 Construction Material and Muck – TBM muck management

Slurry muck (after the STP)EPB muckHard rock muck

3



Einstein Telescope Research Infrastructure: 
Challenges and Long-Term Sustainability

Project: 101079696 — ET-PP — HORIZON-INFRA-2021-DEV-02 
Grant agreement: Nº 101079696

20February 16 -17, 2026, Sapienza, University of Rome 

Sustainability in TBM tunnelling is the result of:

▪ controlled processes

▪ measurable parameters

▪ industrialized solutions

by acting on resources, time and materials.

Final Considerations

What is a TBM The Roboplant
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THANK YOU


