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The trend of growing cities with permanently increasing populations will require new and
visionary solutions for mobility in urban areas. Moving people as we are used to do today — either
by individual cars, buses, taxis, etc., will lead to chaotic traffic conditions, high environmental

impacts and a poor quality of life. This paper will show new approaches in technology to improve
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Joerg Mueller studied Electrical Engineering and joined
thyssenkrupp Aufzugswerke in 1993. He worked in the
testing division of R&D, managing the modernization
department. Since 2005 Joerg has been working as Senior
Engineer and Head of Major Project Consulting for the
factory in Germany. He supports Major Projects for New
Installation and Modernization. He has developed, together
with his team, new concepts for vertical transportation in
high-rise buildings, considering space efficient planning,
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connections and network links to and between public transportation systems like metros, etc.
Increasing the height of buildings demands an increasing number of vertical transportation
equipment, requiring more elevators with more vertical hoistway with more demands on space
in the building’s footprint. New innovations in technology, like thyssenkrupp’s MULTI® as a the
first rope less elevator system and TWIN®, would allow for better transportation and building
efficiency by means of multiple car systems in reduced hoistway space. We will explore different
possibilities of vertical transportation in high-rise buildings. In the end, the right combination of
elevator systems will be the key for an efficient solution.

Keywords: Energy Efficiency, High Rise Elevator, Multiple Car Systems, Shaft Space
Optimization, Urban Mobility, Vertical & Horizontal Transportation
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quality of service of lift systems and energy consumption
through modern simulation methods.
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Extension Vertically, but Not Only...

Considering severe restrictions on space

and limitations in infrastructure expansion,
the most economical and environmentally
viable way to accommodate rapid urban
development is to build buildings higher
and higher. This will allow cities to occupy
less soil and to secure essentially green areas,
and it will finally help create a strategy for the
centralized intelligent control of energy.

Increasing the height of buildings
consequently requires an increasing number of
vertical transportation units. Based on today’s
common state-of-the-art, this means a higher
number of elevators in more vertical hoistway
(Figure 1). Logically this requires more and
more space of the buildings footprint, which
has direct impacts on the Facility Net Ratio in
building efficiency. For high-rise and supertall
buildings, more than 50%-60% of the footprint
needs to be provided for transportation and
service facilities.
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This is not only caused by the higher numbers
of people working and living in those
buildings — more and more internal facilities
to make living worthwhile are required, like
meeting areas, coffee shops, restaurants, spas,
gyms and medical services, and so on.

So, from this point of view (beside of others)
in the eyes of real estate developers and
architects: Elevators are the bottlenecks in
regards to growing building heights.

Reduces Core Area by Organizing
Hoistway Structures

Common concepts to reduce the required
space are planned with transfer floors [1].
This allows stacking of local zone elevator
shafts, particularly in the upper part of the
building. The shaft arrangement is organized
more economically as there are then less
shafts going through the whole building.
The transfer floors (sky lobbies) are served by

Figure 1. Building space requirements with low-, mid-
and high rise lift groups (Source: thyssenkrupp Elevator)
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Figure 2. Lift arrangement with stacked shafts and
shuttles (Source: thyssenkrupp Elevator)
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express shuttle elevators from the ground
floor. These elevators can operate at high
speeds and provide a well performing
handling capacity by minimizing the number
of intermediate stops.

With this arrangement, fewer elevators

will start at the main lobby (Figure 2). The
footprint for shafts at the ground floor can

be reduced, not only because of the smaller
hoistway area but also due to the lesser access
area in front of the elevators.

Increase Transportation Capacity

Another common method is based on the
application of Double Deck elevators (Figure
3), by which the numbers of needed shafts
can be reduced accordingly [2]. A two-level
dispatch lobby is required to allow the
loading of the upper and lower cabins at the
same time.

Figure 3. Double Decker (Source: thyssenkrupp Elevator)
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However, with Double Deck elevators the
traffic flow in the entrance area of the building
has to be coordinated by a clear organized
people flow concept. Passengers who want to
reach an even numbered floor must enter

the upper cabin via the upper lobby.
Passengers who want to reach an odd
numbered floor must enter to the lower cabin
via the lower lobby.

Usually this is served by escalators between
both lobby floors, or the split level building
environment provides incoming traffic on
both levels.

By serving two floors at the same time during
up peak traffic, the number of stops in an
average round trip is reduced. This results

in less loading time losses. Double Deck
elevators can be applied in local groups with
destinations at every floor as well as shuttle
elevators to transfer floor destinations. By
using conventional Double Deck systems, the
architects typically have to plan for the same
floor-to-floor distances, which will limit the
flexibility in the building structure and in the
architectural design.

Due to the high demand on energy
consumption of Double Deck elevators during
operation, the benefit of reduced shaft areas
has to be compensated by a high amount

of operational energy costs over the years.

By way of their design, Double Deck systems
contain heavy masses and big inertias. Car
weights of more than 10,000 kg (Figure 3)
and counterweight masses of 12,500 kg and
more can be reached easily (e.g., for capacity
of two x 1600kg cars). Additionally, there are
large inertias associated with the machine,
the sheaves, ropes and compensation means.
Opportunities to reduce ropes weights by
means of new materials are just beginning

to be applied. All these masses have to be
accelerated and decelerated, even when only

Figure 4. Lift arrangement with stacked shafts and
shuttles (Source: thyssenkrupp Elevator)
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a few passengers are using the car. This causes
high acceleration currents and a high amount
of energy consumption.

The latest Flexible Double Deck elevators
allow a limited adjustment for inter-floor
traffic to slightly different floor distances.
They require additional mechanical devices,
which results in significantly more mass that
must be moved.

Multiple Car Systems Using Same Hoistway
New innovation in technology like
thyssenkrupp’s TWIN® and now MULTI® (as

the first rope-less elevator system) would
allow increasing transportation and building
efficiency by means of multiple car systems

in reduced numbers of hoistway shafts.
Compared with other solutions, the benefits
for building design are not only space savings,
but much higher flexibility and significantly
reduced energy consumption.

The TWIN system of ThyssenKrupp Elevator
(Figure 4) — actually the only available one in
the market - runs with two cars independently
within one shaft [3]. So the number of
elevator shafts can be reduced by up to 30%.
The flexibility of the system allows arranging
the main lobby on one or two floor levels.
Planning with a two-level lobby gives the best
performance by enabling the loading and
unloading of the upper and lower car at the
same time.

For up-peak traffic, ideally the upper lobby is
the entrance level to an upper zone within
the lift group; the lower lobby is then the
entrance level to a lower zone within the lift
group. The zones are set up so that the upper
and lower cars will serve the same number of
passengers or floors, e.g., lower zone: floors 3
to 15; upper zone: floors 16 to 30.

During off-peak traffic, the lifts can run
without limitation, serving calls in both zones
The flexibility of having two independent
cars in a shaft is particularly evident during
inter-floor traffic. In buildings where tenants
use multiple floors, more cars can be used for
inter-floor traffic compared to a Double Deck
system. The optimum in performance for
traffic flow is organized by the controller. The
inertias and masses of TWIN-cars are identical
with conventional elevator cars (Single Deck).

Optimizing the system for energy efficiency
in a bank of multiple car elevators, only the
number of cars needed for service will be
moved to provide the required quality

of service.

Of course, the technology is certified on the
highest safety level and is well proven to
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Figure 5. Comparison of energy consumption: Double Deck — Multiple Car (Source: thyssenkrupp Elevator)
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operate successfully in multiple projects all
over the globe.

When comparing two lift groups with similar
handling capacity and comparable quality
of service, the electrical loads of the Double
Deck solution are nearly twice of that of an
installation with the Multiple Car system. This
can be demonstrated, comparing the energy
consumption of both systems, based on an
industry standard traffic simulation model
[4], with the application of an all-day office
traffic template [5] for a 100m high building
project (Figure 5). A sophisticated energy
model [6] has been implemented into the
simulation software.

The energy consumption is approximately
20-30% higher for the Double Deck elevator
banks. But it is worth noting that both
elevator systems are certified with the same
energy efficiency class according to VDI 4707
[7]1.The reason behind this is that the norm
refers to the energy consumption just during
one trip up and down, and does not consider
the behavior of the elevator bank during
daily operation. The Double Deck system
moves more cars during off-peak-traffic,
which is most of the time in a day. Therefore,
for the best performance and least wastage
of energy resources, it is necessary to plan
each system according the realistic building
operation modes.

Consequently, the Double Decker system
requires not only requires more operational
power consumption, but also much bigger
electrical equipment, e.g,, transformer,
electrical cables, generators, etc.

Multiple Car Concept with More Than Two
Cabins

So far, all described elevator systems are still
equipped with hoist ropes. This technology has
been used since elevators were first developed
and is the crucial limitation of travel height.

The most important impacts are the following:

- Because of given safety factors from
all worldwide codes the number and
the diameter of the ropes have to be
increased according to the height
of travel. Hence, the total mass of
the ropes will increase up to a limit,
where they are not able any more
to carry their own weight. Now,
ThyssenKrupp's new MULTI Concept
—announced to be developed
two years ago, uses a Linear Motor
technology to eliminate rope
suspension, so the vertical hoisting
limits are eliminated.

- According to the state-of-the-art
technology of elevators, to follow
non-vertical shapes of a building via
inclined hoistways is restricted with
some exceptions. With the MULT]I
concept, inclined hoistings are
not limited by the behavior of the
suspension means.

- Supertall and megatall buildings
are subject to building sway, wind,
sunshine and seismic effects.
Elevators with rope suspension are
directly affected by the buildings
behavior and can cause operational
breakdowns or damages. Moving
without ropes, MULTI does not cause
distinctive rope sway effects in tall
and supertall buildings

- Up to now, elevators are not
designed for horizontal movement.
Direct horizontal links between
elevator shafts, between buildings
and to public facilities are thus
limiting urban mobility. The MULTI
concept supports passenger
transportation in vertical and
horizontal directions.
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Figure 6. MULTI - transportation in a loop with vertical
and horizontal movement (Source: thyssenkrupp
Elevator)
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Therefore: The challenge to enable the growth
of tall buildings is to eliminate these limitations
with new ground breaking technology.

The functional principle of MULTI follows the
idea that circulating cabins for passengers
in a loop of at least two shafts will provide

a continuous traffic flow (Figure 6). Two

or more hoistways will be linked by a so
called exchanger device, which enables

the cabin to change from one shaft to the
other horizontally [8]. By means of a linear
motor system, those elevators will not be
equipped with hoist ropes. The technology
is well known and proven in ThyssenKrupp's
Maglev Train systems. A high degree of
safety and comfort is guaranteed. To control
an independent movement of the cabins,
the reliable and successful technology of
the TWIN system is applied on a highest

level of safety procedures according to the
SIL3 standard [9]. An advanced destination
dispatch algorithm will ensure optimal
traffic control.

As mentioned before, supertall and megatall
buildings are developed more and more to
operate like cities within cities. Therefore, it's
no surprise that solutions for vertical traffic
concepts in those buildings will develop
more and more in a comparable way to the
modern horizontal public traffic infrastructure
concepts. Fast trains in long distance service,
with only few stops bring passengers from
hub to hub, where they change to local
transportation systems, like metros, buses or
even auto-services. This concept is considered
in the focus of MULTI (Figure 7).

Use MULTI as a“long distance” transportations
system from main entrance to transfer lobbies
and change to local elevators with short
distance service.

There might be certain concerns in regards
to a general concept, based on transfer
lobby traffic. However, efficiently operating
transportation systems in such buildings
cannot remain a concept, where any
individual passenger will be able to reach his
final destination directly just in one journey.

The handling capacity of MULTI is constant
and independent from travel height. Further,
due to the new possibility of sky lobby
arrangement (e.g., occurring every 50m), the
local group will get shorter travel distances,
which will increase the handling capacity of
the local lifts and allows optimization of the
required numbers of elevator shafts.
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Figure 7. MULTI - traffic concept according to public traffic (Source: thyssenkrupp Elevator)
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Figure 8. MULTI - project applications (Source: thyssenkrupp Elevator)
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Figure 9. Footprint comparison: Double Deck / MULTI on a real project (Source: thyssenkrupp Elevator)
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In combination with Single Decks or TWINs
in local groups (Figure 8), the concept will
allow savings of about 40-50% of shaft area
in total.

Comparing Double Deck shuttles with MULTI
shuttles, the MULTI concept will be most
beneficial with fewer shafts, specifically above
200m travel height (Figure 9).

Comparing two VT configurations, in a realistic
and already proposed building project on
the base of similar handling capacity and

comparable quality of service, the saving in
shaft areas is significant between Double Deck
and MULTI applications.

In regards to energy consumption, the view
is very similar, as mentioned in section 1.3.
Beside the definition of VDI 4707 [7], it will
be more meaningful to focus on a full-day
template or on a week’s period record. On
one hand, the MULTI system is equipped
with lightweight materials for tremendous
reduction of masses to be moved. On the
other hand, the system is balanced energy
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wise because of up- and down-traveling
cabins with regenerative means, which
are directly linked to each other. So far the
new development is fully in the trend of
modern drive systems. Even more, in this
concept only those cabins will move that
are in service.

MULTI will be the system for efficient shaft
arrangements and the maximization of usable
space in tall and very tall buildings, where

the handling capacity of common elevators
systems will need much more hoistway area
and volume.

The right combination of elevators system will
be the key for an efficient solution.

Moving Faster Horizontally

Moving people, as we are used to do today
— either by individual cars, buses, taxis, etc,,
will lead to chaotic traffic conditions, high
environmental impacts and poor quality of
life. We need significantly new approaches
in technology to improve connections

and network links to and between public
transportation systems like metro stations,
transportation hubs, links between public
buildings, etc. Metros will especially be one of
the mass transit options of choice in

the future.

But to bring more passengers in the shortest
time to metro stations is another challenge.
The connectivity of the metro networks has to
be improved. It's mandatory to accelerate the
transit times dramatically and to improve the
comfort of ride on the Metros as well.

With ACCEL, thyssenkrupp Elevator has
introduced a new and innovative technology
in this field. It is developed as one walkway
with two speeds. It combines smooth speed
changes and the highest safety requirements
for passenger transportation (Figure 10).

Commuters from outlying districts can use

it to reach their next metro station or other
places quickly and without waiting periods,
which dispenses with the need for unprofitable

shuttle buses. At airports, this revolutionary
technology saves passengers two-thirds of
their transit time — which they can spend in on-
site stores or restaurants (Figure 11).

The revolutionary is also operated by

Linear Motor drives to control every

pallet individually. The horizontal speed is
accelerated from common 0.6 m/s up to 2
m/s (7.2 km/h) and decelerated again at the
end of the line to 0.6 m/s again to be able to
conveniently step off.

The length of the high speed walk way is
extendable from 100m to 500m per module
and can be aligned to bridge variable
distances. With a pallet width of 1,200 mm,
the capacity can reach an amount of 7,300
passengers /h (Figure 12).

With low demand on footprint, low
infrastructure requirements and low
operational costs, the concept will increase
the influence area of the metro stations and
incorporate interesting spots to the metro
network within the cities. Connecting times
between boarding floor levels are reduced
by 30%. The investment is low compared to
tunneling, but with high public visibility.

IBEAEENEERE. RIFEEN
KR ATER BB E AR BRGHIE
EUNRAHZBREZ BRIERE, i
G, R AHEBREAEES.

LEZE MHRBEMARKEBNLHLR
BHHZ—.

B2, MIESEHNNERNIEEZ RS
R X B — MRARAPkAL. HEkR
LHERE P RERNE. AR HE
HlE), cREFRALHIGRAIEFEERIEEE L
B, EERF "R, X B iR
ST |

ACCEL EH 5 EABE X —ugEL
HEFEAR. R EEEMMNEENE
AITE. ©EERFRNTREREE
BNEeTEEKBEE (B10).

B INERIRE F] DR AL R R FIT
AUt ERIA SV AL BRI, T RAYEFHF
ERIDRAEEE L.

N7, SHE R ERIRAR RS DS
=N HHE{TEYIE, XA TR R BUEX
LErEEEIZBIESRETH (E11),

XA BEELBENIXE), P8
WEHIE— MR AEEERIMNEER
0.6m/sANEE|&EK2m/s (7.2 km/h), FF
R REB RBRZEN.6m/s, LIJTETE

SN H e A
BLTE DN

Figure 10. Innovation in horizontal transportation by ACCEL (Source: thyssenkrupp Elevator)
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Figure 11. Accelerated and continuous movement horizontally (Source: thyssenkrupp Elevator)
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Figure 12. The accessibility challenge - improving connectivity (Source: thyssenkrupp Elevator)
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Conclusion

Pushing forward to exciting new technologies
and being encouraged to go with new
concepts in transportation of people and
goods, the vertical transportation industry

is going to be contributing to a new era

of urbanism. Connectivity and urban mobility
will make megacities worthwhile to inhabit,
complete with tall buildings, public transport
links, for living, working, business and

leisure: Connecting areas and places in an
exciting way.
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