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Abstract

The environmental impact of high-rise buildings becomes a growing consideration as they
multiply at an unprecedented scale to face the growing demands of global urbanization. The
current pace set by urban developments, especially in emerging markets, has placed this as a
priority and necessity for the generations of tomorrow.

Vertical transportation in this regard has generally been reduced to a contributor of more
overarching elements of tall building certification. However, by creating a structured approach
of short and long term measurements, encompassing all segments through pioneering
systems and products, tall building managers can obtain clarity and a tangible input of vertical
transportation equipment contributions to their landmark.

This paper seeks to outline the potential touch points of vertical transportation installations
within high-rise structures, as well as outlining the long term benefits of maximizing the output
current technology makes available within the market.

Keywords: Green, Vertical Transportation, Energy Recuperation, Destination Control,
Traffic Simulation
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With the population of the planet surpassing
7 billion people today and showing
continuing signs of growth, the rapid
development of urban centers and their
effective management becomes of the
utmost priority for the sustainable prolonging
of human life on this planet. Today, rapidly
developing countries like China have passed
the urbanization rate of 50 Percent of their
population . The gathering of individuals
towards these concentrations of living space
has required governments to start to think
about cross effective solutions for the running
of these communities. Further to this, as living
standards rise globally, the expectation of the
incumbent population evolves towards the
provision of a safe, aesthetic, efficient, and
sustainable living place. Although this has
been a topic of discussion in the developed
world for some time, the advent of new
technologies and the urban and economic
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push, which has seen the countries such as the Brazil, Russia, India,

and China come to the forefront, has brought urban sustainability to
new levels in the last ten years. Finite resources have forced a greater
liability of current excavation and use of the planets’environmental
assets, as well as a more efficient methodology on usage, whether this
is through means such as economic management or waste treatment/
renewability. Within this huge scope, it is undoubtedly the developers
of the urban skylines of tomorrow and their partners who play a
decisive role in this course taken as demanded by market forces.

As the tall building market increases in competition as well as in total
value, it is down to the suppliers to provide cutting edge technology
and innovation to encourage their specific markets, as to allow a
greater “marketability” of high-rise buildings for full tenant occupation.
Specifically, for the vertical transportation segment, items of offering
can be specified but not limited to, floor space increase, heightened
security, energy savings, and efficient transportation. Furthermore, as
technologies have evolved and will continue to do so in the near future,
it is completely feasible that upcoming “game changing”technologies
will play an essential part within possibilities, such as when destination
control was established within this industry. All of these elements
contribute towards the feasibility and sustainability of buildings, whilst at
the same time, maximizing performance and the transit of people.

For the sake of this paper, the energy consumption and regeneration
opportunities will be centered on three principal areas within a building,
with which elevator power consumption can impact energy savings.

The Motor

Set at the top of the installation in the machine room (see Figure 1),
the motor acts as the "muscle” of the elevator installation. With the
development of Schindler’s Green Motion Technology driven by
highly efficient gearless motors and patented inverter system (Power
Factor 1 technology), the system allows for the recuperation of surplus
energy created during specific elevator load conditions. Depending
on the load situation of the elevator system, mechanical energy
returning from the elevator system can be returned to the power
supply in the form of electrical energy. However, the misconception

is that the energy retransmitted is of the uniform value, which is
extremely relevant to the machines and its recuperation technology.
Known as Total Harmonic Distortion (THD) that is the summation of all
harmonic components of the voltage or current waveform compared
against the fundamental ones; a common standard for elevator
recuperation technology must fulfill THD lower than 5% to guarantee
no interference to the building's power system.

The Car, the Hoistway and the Door

Energy efficient LED cab lights within an elevator car and their
adjustment to movement detectors are one of the main contributors
towards efficient power consumption in a building. Although taken
as a single car unit, this consumption and effect to the overall grid is

negligible. However, when this is multiplied by the number of installations

in a high-rise, the impact is not to be overlooked. The latest technology
and design of roller guide shoes has allowed for a smoother ride quality
and improvement on reducing friction during elevator journeys, thereby
reducing motor pull requirement. Reduced friction can also be applied
to the door system mechanics, thereby increasing efficiency of door
performance, specifically during closing and opening operation.
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Figure 1. Typical elevator assembly (Schindler Internal)
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Elevator Control

The elevator control system savings can vary greatly from depending
on which type of control system is used; conventional control

systems, whereby the traditional stop by stop elevation is carried out
for passengers and destination control technology, whereby each

user is assigned an elevator upon entering a building. Depending on
building requirements, the need for either system is varied. The higher
efficiency of passenger transportation with destination control systems
ultimately reduces the amount of elevators required in a building,
thereby also, saving space and reducing the overall building carbon
footprint. Other technology, such as attributes as ECO mode (discussed
later in this paper), are also fundamental towards ensuring a smart
function of a building and increased sustainability of projects.

Overlooking as the sector of Green elevation is quite large, it is
imperative to break the topic down into three distinct pillars; Elevator
Configuration, Elevator Usage, and Certification.

Elevator Configuration

During daily operation, these elevators travel in up- and down direction
with different nominal loads. The counterweight balances the entire
car weight, but only half of the car nominal load. Depending on travel
direction and nominal load, the elevator drive operates eitherin a
motoring mode or in a generating mode (Figure 2 to the right).

This physical circumstance finally feeds electrical energy back to the
mains. The following (Table 1) indicates during which traffic modes the
elevator drive works as a motor or as a generator. (Table 1)

The principle of using an electrical motor as a re-generator is known
and has been applied for decades. However, recent developments

in semi-conductor power technology has finally made it possible to
apply this technology to elevator motors in such a way, that this motor
can regenerate electrical energy most efficiently when driven as a
generator (see Table 1).

The component which is able to provide power from the mains to the
motor or returns power from the motor to the mains is known as the
frequency converter. This converter is wired between the mains and
the motor, as shown in the following Figure 3.

If the elevator motor works in the motoring mode, the incoming
power is first rectified from alternating voltage (AC) with the line
frequency into a direct current (DC). This DC is thereafter inverted back
into an AC with a variable frequency and fed to the motor. The voltage
and current level provide the power for the motor torque, whereas
the variable frequency determines the rotating speed of the traction
sheave and thus the speed of the elevator. When the elevator motor
works as a generator, it feeds back the energy to the mains in the
inverted way as before described. Thanks to the application of latest
recuperation technology, the electrical power fed back to the mains is
almost as clean as the incoming mains power.

"PF1”stands for “Power Factor One”technology and indicates that the
electrical power switched in this component has no electrical losses in
respect of the ideal sine-wave form and main frequency, thus can be
regarded as “clean” power.
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I Distribution of electricity for elevator groups |

Heavy load upwards
Consumesenergy

Light load upwards
Feed back energy

Heavy load downwards
Feed back energy

Lightload downwards
Consumesenergy

Figure 2. Distribution of electricity for elevator groups (Schindler Internal)
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Table 1. Car regeneration per direction (Schindler Internal)
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Figure 3. Frequency convertor that captures unused elevator energy(Schindler Internal)
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Elevator Usage

Elevator usage mechanisms are only part of the key towards making

the most of a building’s efficiency. A large part of the optimization

of elevator components is done during the pre-tender of a building
specification phase. For the sake of simplicity, this section will only focus
on the most impactful of technologies during the elevator configuration
phase, specifically Schindler PORT's ECO mode. Schindler’s leading PORT
Technology ensures highly optimized utilization of the elevator groups
at all times of the day. The PORT system is an easily adaptable to low
and high traffic situations which take place every day in the function

of a building. The typical “peak”hours of a commercial building are
situated in the morning rush (8:00am to 09:30am) and the lunch hour
rush (11:30am to 13:00pm). The rest of the time the elevators are under
less traffic intensity. However, under conventional control all elevators
remain under full operation and hence full energy consumption.
However, under, Schindler's PORT ECO mode the building’s traffic
situation is monitored under real time allowing the control system to
adjust elevator waiting times in accordance to high “peak”or low traffic
situations in accordance to meet the expected overall transportation
performance. This in turn creates substantial saving of energy and
consumption per elevator unit in a building system.

Although the entry of items such as destination control systems may cause
an overlap as they interact in real time with elevator usage and traffic to
re-adjust their own settings, by default setting them under the “Elevator
Usage”and “Elevator Configuration” At the base the usage settings fall
under the elevator configuration phase, as it is at this point that the
decision to use items such as destination control or not are determined.

Certification

Unifying all energy measurements for customer review has been one of
the biggest challenges, but also opportunities, with the recent increase
in demand of sustainability within the high-rise market. Several
independent bodies have been in measure to supply certification in
accordance to international or local building requirements. Amongst
them are several internationally recognized companies which are used
to measure building energy efficiency under a global standard. The
issue with a majority of these standardized test procedures is that they
only reflect the partial truth about elevator energy consumption. The
majority of these certification bodies revolve around generic formulas
which account for the consumption of elevator energy as an individual
unit. However, this does not consider elevator group consumption,

but most importantly fails to account for building population, leaving
then a gap open in terms of elevator usage measurements, especially
in under elevated and over elevated buildings, which are a common
occurrence within the high-rise market.
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Figure 4. Electricity wiring diagram for typical lift construction (Schindler Internal)
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This lack of measurement has cause vertical transportation companies
to extend their traffic measurement tools to address this issue and
bring forward the energy consumption simulation and measurements
to align with customer expectations. It also gives the full picture of
energy consumption and regeneration simulation for each solution.
For Schindler, this has been done through the company’s very own
traffic simulation software tool. By extending the company’s patented
algorithm technology, in alignment with the components sourced, and
including them as an impact of a group wide elevator simulation, the
sales engineers are able to extend the real time simulation of energy
consumption according to usage and population flow to represent a
reflection of true events permitting precise building planning.

Where Vertical Transportation Industry Can Support

Overall the vertical transportation industry can offer a variety of solutions
to best the growing importance of the sustainability sector in the tall
building arena. As this paper has demonstrated, the sector within the
high-rise building industry known as “green”or “sustainable”is too a wide
scope to be individually targeted through a single study. Furthermore,
specifically towards the vertical transport industry, there is no uniform
approach for measuring power regeneration from elevators, much

less a clear division of which elevators impact where. This paper then
promotes the clear segregation of three factors for the measurement

of sustainability within the vertical transportation segment of high-rise
buildings. Namely, Elevator Configuration, Elevator Usage, and 3rd party
Elevator certification, as the three main pillars for future reference. It is
essential that, not only is, elevator sustainability, promoted and held
accountable within a uniform approach, which will, allow the further
development of tall buildings globally on a par level. Each of these
specific pillars represent a future platform to breakdown the essentials

of elevator engineering simulations towards sustainable means. It also
outlines an easy to follow segmentation of which measurements belong
where, for non-technically driven members of the public.

By involving elevator suppliers in the earlier process of building design
through traffic simulation and energy consumption simulations,
allowing for effective and transparent measurements and data access
to tall buildings control centers. As well as a fully aligned process and
certification procedure agreed amongst all elevator companies, a full
picture of building consumption, recuperation, and most importantly
sustainability can be brought together.

Figure 5. Plot 15 Moscow (Schindler Internal)
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