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KEEPING PACE 
Frank Grundholm, vice president for global HVACR sales at ABB Motion,  

explains how variable frequency drives (VFDs) are used together with 
electric motors for the effective control of rail and road tunnel ventilation fans

control system to meet changing air 
flow needs during the day – typically 
triggered by sensors monitoring the 
levels of respirable dust, gases and 
other pollutants within the tunnel. 
This has a very significant impact on 
energy consumption, as the energy 
required to operate a fan actually varies 
in proportion to the cube of its speed. 
That means very small speed changes 
can yield large energy savings – a speed 
reduction of 10 percent results in a 27 
percent energy saving.

As well as contributing to the 
overall sustainability of tunnel projects, 

ALTHOUGH OFTEN INVISIBLE, AND generally 
overlooked, the ventilation systems are a critical 
element in the safe operation of road and rail tunnels. 
As well as helping to maintain air quality and visibility 

they also play a vital role in fire safety management, both 
in containment and ensuring safe evacuation. This is where 
variable frequency drives (VFDs) play an increasingly important 
function. 

As rather than fans operating between shutdown and 
continuous full-speed operation – the drives sit between the 
electrical power supply and the fan motors, enabling their 
speed to be controlled precisely to meet the actual demand for 
ventilation.

Instead of running the fans at full speed all the time, with 
drives their speed can be adjusted by the tunnel’s overall 
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reducing fan speeds can also reduce 
noise levels – reducing the speed by only 
20 percent will reduce sound pressure 
by more than 50 percent. This results in 
a more pleasant environment for users, 
operators and local residents. 

VFDs also play a critical safety role as 
in the event of a fire they can ramp up 
the fan speed rapidly, and also have the 
capability to change the direction of air 
flow to contain the spread of smoke and 
poisonous gases and create safe zones 
that enable the efficient evacuation of 
people from the tunnel. It is important 
to note that it is only axial fans and 
some jet fans that offer the capability to 
reverse the flow direction. 

EVERY TUNNEL REQUIRES  
A BESPOKE VENTILATION 
SCHEME
A long tunnel for an electrified rail 
network may have relatively simple 
needs for day to day ventilation, since 
the piston effect of the trains moving 
through the tunnel ensure regular 
changes of air. Therefore, the main focus 
is usually on fire safety.

In contrast, a road tunnel has 
more complex usage patterns and is 
often multi-lane (generally in one 
direction only). Therefore, the roof is 
high compared to the vehicles, which 
reduces the piston effect. Some road 
tunnels reverse traffic flow to manage 
congestion at peak periods, which means 
the ventilation has to work equally in 
both directions.

While their scale can differ widely, 
looking in detail at a couple of the 
large tunnel ventilation projects recently 
completed gives a good idea of their 
complexity.

GOTTHARD BASE TUNNEL – THE WORLD’S MOST 
POWERFUL VENTILATION SYSTEM
The Gotthard Base Tunnel is a railway tunnel that opened in 
2016 to establish a direct route for high-speed rail and heavy 
freight trains through the Swiss Alps. With a route length of 
57km, it is the world’s longest rail and deepest traffic tunnel 
and the first flat, low-level route through the Alps. The link 
consists of two single-track tunnels connecting Erstfeld with 
Bodio and passing below Sedrun. 

With the fans having an outer diameter of approximately 
3.5m, it is not only the largest but also the most powerful 
tunnel ventilation system in the world. It has an installed 
maximum power of 15.6MW – about as much as 25 Formula 1 
racing cars together. 

The system comprises 24 jet fans at the two tunnel portals 
and eight major supply and exhaust fans in the ventilation 
centres. The speed of the motors for the eight major fans are 
controlled by an ABB ACS1000 medium voltage (MV) drive, 
so that in each operating mode they only consume as much 
energy as is absolutely necessary.

The two ventilation centres form the ‘lungs’ of the entire 
system and are responsible for the exchange of air inside the 
tunnel. The supply air fans supply fresh air from the outside 
via long vertical shafts – that is regulated by shutters and is 
then distributed in the tunnel. The exhaust air is transported 
outwards through its own shaft via axial fans with an air speed 
of up to 300 km/h.

The whole system is designed as redundant for safety 
reasons. Because in addition to the regular exchange of air, the 
fans must primarily ensure enough fresh air in the emergency 
stations in the event of a fire and simultaneously suck the 
smoke through the long exhaust shafts. The control of the 
ventilation system is very important for the precise adjustment 
of the fans and the shutters in various scenarios. The master 
control system regulates approximately 50 scenarios – from 
normal and maintenance mode up to a full emergency.

ASIA’S LONGEST HIGHWAY TUNNEL
The Chenani-Nashri tunnel was opened in 2017 to improve 
mobility and safety on India’s National Highway 44 that 
connects Kashmir, the country’s northern most state, to the rest 
of the country. This four-lane road link runs in an all-weather 
tunnel 10.89 km in length, making it the longest highway 
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Drives that facilitate regenerative braking 
can eliminate the need for braking 
resistors and therefore reduce the heat 
output. As no external braking devices 
are needed, the drive installation is 
simplified, and the installation footprint 
is smaller. 

Another important factor is that 
tunnels are often in remote locations, 
where the power grid can be ‘weak’, 
which means that its voltage becomes 
very sensitive to any variation in load, 
resulting in an unstable supply. With 
regenerative drive technology, it is 
possible to secure full load operation 
of the fans, even when there is a 
voltage sag on the power supply, either 
caused by a weak utility power supply 
or external influences such as a fire 
overheating the cables. This helps ensure 
full operation for a longer period of time 
than possible with traditional drives that 
cannot boost the voltage to the motor. 
When not delivering regenerated power 
to the grid, but operating the ventilation 
system, the active front end of the 
drive can be used to reduce the effect 
of harmonics on the transformer and 
thereby also helping to avoid overloading 
of the power supply.

VFDS – THE WAY AHEAD FOR 
TUNNEL PROJECTS
Rail and road tunnels have to meet 
rigorous ventilation standards in terms 
of air quality and fire safety. Utilising 
variable frequency drives can help to 
ensure their maximum uptime and 
energy efficiency and reduce the risk for 
people in case of fire. That is why VFDs 
should be regarded a key element in the 
ventilation systems for the world’s most 
ambitious tunnel projects. 

tunnel in Asia.
This road tunnel was the first in India, and the sixth in the 

world, with a transverse ventilation system enabled by ABB 
drives and motors that uses separate air ducts to introduce 
fresh air inside the tunnel and remove the harmful air.

The ventilation system uses low harmonic VFDs and motors 
installed at the North (Nashri) and South (Chenani) portals 
for air supply and exhaust. The VFDs are also equipped with 
inbuilt redundancy to ensure maximum uptime. 

The modern design of the tunnel includes a parallel escape 
tunnel apart from the main tube and special features such 
as an integrated traffic control system, fire detection and 
management, and wireless communication. The system’s safety 
software also includes an override control feature to mitigate 
any fire emergencies.

FIREMAN’S OVERRIDE MODE 
An important feature of many modern VFDs is the ‘fireman’s 
override’. This is an input that allows the fire service to take 
control of those VFDs controlling fans and turn them into 
smoke extraction units to maintain escape routes. 

In the event of a fire, this mode is usually triggered with 
a special key at the fireman’s control station. The override 
function forces the drive to a pre-defined set of running 
conditions stored in the override menu, including pre-set motor 
speeds or pre-set control locations. The VFD is programmed to 
ignore most of its warnings and alarms that would normally 
stop it if the application was at fault. This enables a ‘run 
at all costs’ mode of operation – until destruction – that 
ensures maximum availability during an emergency, potentially 
delivering precious extra minutes of breathable air for people 
escaping from a fire. 

REGENERATIVE DRIVE TECHNOLOGY  
AID GRID STABILITY
With regenerative drive technology, when tunnel fans are shut 
down and ‘windmilling’ it can be possible to utilise the air flow 
through them so that they effectively become generators. This 
produces energy that can be fed back into the local power 
network to reduce electricity costs and improve sustainability. 

Furthermore, when a fast ramp down of fan speed is 
required braking resistors are often used that dissipate energy 
as waste heat that adds to the heat burden of the tunnel. 
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