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Abstract

Advances in tall building vertical transportation systems are summarized for design
professionals and developers in Asia. Elevator industry advances offer improvements in system
performance, space efficiency, design flexibility, building operation, security, energy savings and
life cycle costs. Specific topics include Destination Dispatch, access control integration, energy
saving technologies, and reduced equipment space requirements. A summary of these elevator
system design and technology opportunities is provided for multi-disciplinary consideration, as
the effective adoption of these requires engagement with architect, engineer, developer and
tenant stakeholders of the tall building design team.

Keywords: Elevator, Destination Dispatch, Access Control, Energy
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Introduction

It is widely accepted that continued
population growth will lead to increased
urbanization. Elevators will continue to be a
critical building system in this increasingly
dense and vertical building environment.
Fortunately, the global elevator industry is
entering a fertile era, offering opportunities
for more efficient elevator system design

in many areas. These opportunities will

help tall buildings be more commercially
competitive, respond better to tenant
needs, be more space efficient, more
sustainable. This article is also premised

on the notion that the implementation of
many new elevator technologies requires
multidisciplinary dialogue, and that these
should be applied to not only landmark
projects, but to the “volume”building market
as well. The intended audience is architects,
engineers, developers, owners and managers
of tall buildings in Asia, who are interested
in designing buildings with better elevator
systems.

Destination Dispatch

Destination Dispatch is the most significant
tall building elevator system development
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since the introduction of automatic elevators and the elimination

of elevator attendants. Schindler’s Miconic® 10 system, introduced

in 1992, required passengers to enter their floor destinations in the
elevator lobby, rather than after entering the elevator car. This allowed
for passengers to be assigned to elevators taking advantage of
“coincident destinations” with other passengers, instead of random
assignment. It also allowed for recognition of individual passenger
requirements. Passenger destinations and recognition of any individual
requirements are communicated to the elevator system via hall
keypad (see Figure 1).

Over the last ten years, all of the major elevator manufacturers have
introduced Destination Dispatch systems. And yet while Destination
Dispatch has become exponentially more popular since its original
introduction, the share remains a small percentage of the total high
rise elevator market, and is skewed towards high budget, prestige
projects. To be clear, the advantages may be even more significant
for the volume market of tall buildings, where cost and efficiency
competition can be even more critical to competitive success. These
advantages are summarized below.

Time to Destination

Destination Dispatch has introduced “Time to Destination”as a more
comprehensive metric for evaluating elevator system performance.
Time to Destination is the sum of both passenger waiting time and
travel time. Traditional elevator traffic performance calculations allow
for a“properly elevatored”building to satisfy interval and handling
capacity criteria, and yet have unacceptably long travel times,
particularly if a high number of floors are served by the elevator
group. From the passenger’s perspective, time is the most valuable
resource consumed by the elevator system. Elevator manufacturers
and consultants have tended to be conservative and understate the
performance advantages of Destination Dispatch, perhaps due to fear
of making unachievable claims or due to lack of an experience base
and learning curve with properly implemented systems. It is also rarely
discussed that Destination Dispatch travel times are most reduced

for the highest floors served by the elevator group- a 50% reduction
in travel time compared to conventional systems is not uncommon-
which often have the highest paying and most demanding tenants.

Increased Handling Capacity

In @ multi-group high rise building, Destination Dispatch may allow
for the elimination of an elevator or even multiple elevators. Increased
handling capacity can also accommodate increasing tenant densities
over time, and the inevitable removal of elevators from service for
maintenance, damage or malfunction.

Reduced Elevator Core Requirement

More efficient car loading allows for the use of smaller car sizes in many
cases. Combined with a potential reduction in the number of elevators
on large projects, total elevator core can be reduced. This may be

the single largest opportunity proposed in this paper, as it positively
impacts space and asset efficiency of both elevator and elevator
related building systems, in terms of both initial and life cycle costs,
and ultimately total carbon footprint.

Core Design Flexibility

Destination Dispatch systems do not require all elevators within a
group to be identical in terms of floors served or other attributes such
as car size, speed or even equipment type (see Figure 2). Due to the
way finding advantages of Destination Dispatch elevators, there is also
greater potential flexibility in elevator core arrangement. The increased
flexibility allowed for building and elevator core design is still being
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Figure 1. Schindler PORT keypad. (Source: Schindler Elevator Corporation)
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Figure 2.“Asymetrical” elevator group. (Source: GVK-ECS, Inc.)
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explored incrementally, but the long term design impact can be
revolutionary.

Individualization

Destination Dispatch elevators interface allow for a customized
response and special features to address unique passenger needs,
whether they be tenants, visitors, passengers with disabilities, VIP's,
building engineers, or brokers and potential tenants. When integrated
with access control, this also allows for much more sophisticated
management of traffic (discussed in more detail in the next section).

Schindler has pioneered this approach with their ID and PORT systems.

Accessibility

The experience of the last 15 years has shown that Destination
Dispatch systems are overall superior for persons with physical
disabilities, due to the improved way finding, and the ability to
recognize individual requirements for audible or visual signals, and for
increased boarding time and car space. There is a clear need for the
development of improved and international standards in this area,
with input from the disabled community. The City of San Francisco
has adopted its own accessibility standard for Destination Dispatch
elevators, which includes the innovative requirement that disabled
passengers be assigned an elevator adjacent to their location in

the elevator lobby (see Figure 3). The elevator industry has recently
introduced touch screens in place of mechanical buttons and
keypads. Guidelines will need to be developed to make these properly
accessible, and for their eventual incorporation into international
building codes.

Ease of Use

New users typically require one trip to learn how to use the system.
Concerns over usage difficulties have not been borne out by
experience. It is not unlike using a digital touch pad phone for the first
time.

Modernization

In the US, Destination Dispatch has been widely adopted for the
modernization of elevators in existing buildings. The primary reason
appears to be that in existing buildings, the owner and manager are
more directly involved in satisfying tenant elevator requirements, due
to tenant retention concerns or the need to attract new tenants. For

Figure 3. San Francisco adjacency requirement. (Source: City and County of San Fran-
cisco, Department of Building Inspection)

B3 [H&WLAagER GRIE: [He LB TRk

WLE2) . BTHNERERKAGFRMAR, ENLEDHZ
NEE A EWAH EAEEREE. RARAY RHZ R
HHREEZBWMATREARZNE, T —ERGAEITH
KT R E N,

M

B B9 2 R v A T O R AR R B R T R L B R A
RERE, TRMATEMEF . &, RRARE, #E. BAL
BREZEFNREEMF . EoT1HRERER, BNEREEH
HEREELRERENEAR (ET—FHEEFAMBRLA) .
iRk 7] 3 3 A 1 #9 IDAIPORT 24 3 R P 41 T X A4 77 & o

s 283

HERIGFNERXH, BNERERGHN T HEH RRNFE K
WEBKERZANEH RS, ZEADTELRAIFTB A, &
#E F IS TIRAN AR R K RE A7 DLRIE fm ey b4 A (A Fe iR
FEE, MERRAMREZN, EIF XL RMHEL U
AHHAHNER, HeLTHACEAEL T HEECWENER
ERMETIEGTE, ETEET ERATARKERARE SR
ERMATMATETEHE QI ER CLEZ) o BHTLRLAE
BT HARAMEA R WA F. WS FERNZLE RERT
Z, UERSXURAERTE LN LHE, HiedLRLMmNER
RN,

mTHEA
FRAFREFFERL—REHET BT EANZR L. 2R
BRI H A FAAERABE, X3 G kE A touch, Ipadfalphone
B LA

EfkiE

ExEH, EWERAECEN A AR ENKETE S ZEA.
FTERHEAT, ERFNEAT, B THEHEMA S HRERR
BlEMr, VEREEFFABEN S5 T HEAF SEBNE
kKek, HABWFARTET S, LACHMEFITEEE
#ERGWE AT R ER AT A . B F SR K B E KT A
RREFEM RS, GTNEBEANEFELEET—AET Lot
HT . XEEREN, hELEOHMERER#ERAFE
BRI R ES, AB2RTEER IRECZVRETAT R

2o

EHRRIEEFRR

L LEBEMBEEEN ARG, BENEREARTE—RA
REMEAHEERANEAREZ AN EL L, EEZREGHEH

596



typical new construction projects, the general contractor and architect
are often the team members with the greatest influence on elevator
system design and selection. Unless the owner or developer decides
to focus on elevator systems early in design, elevator opportunities

are often not evaluated in any detail, except for decisions that have
immediate impact on project budget and schedule, based on a design
that is already largely fixed based on traditional assumptions.

Integration of Elevators and Access Control

When properly interfaced and configured with an access control
system, Destination Dispatch provides the capability to automatically
manage vertical traffic in the building, from any floor, to any floor,
based on day or time clock, for each passenger on an individual basis
(). Tenant, visitor and building workers are granted access rights to
floors by the access control system, and so the elevator dispatching
needs to interface with the access control system. In the past the
interface between elevators and access control was treated as a minor
construction coordination item, requiring little design attention. That
is no longer the case. The proper integration of these is now critical to
the operation of a properly designed tall building, and not surprisingly,
there has been significant investment and innovation in this area by
both the elevator and access control industries.

System Interface

There are two basic approaches for the software interface between

the elevator dispatching system and the building access control
system. The first approach requires a custom serial interface, whereby
floor access is granted by the access control system to the elevator
control system. This is the approach taken by Kone, Mitsubishi, Otis and
ThyssenKrupp. Given the numerous elevator and access control system
manufacturer combinations, there is a need for numerous unique
interfaces.

The second approach incorporates the access control features within
the elevator system itself. This is the approach taken by Schindler with
the Schindler ID and PORT systems. This approach has functionality
and simplicity benefits. However, it still requires a manual or automatic
synchronization method of the elevator system user database with
access control system user database.

Inter-Floor Traffic Control

A properly configured elevator and access control system allows the
building manager to manage their “building transportation system”to
serve the specific needs of the tenants. In most cases, tenants wish to
travel freely between their floors, but want to restrict travel by others to
their floors (see Figure 4). The obvious benefit of doing this is improved
building security. But perhaps even more important, effective interfloor
traffic control can reduce the overall traffic demand and increases the
surplus capacity of the elevator system. Stated differently, a building
without such a system, all other factors being equal, will often require
additional elevator system capacity, and so carries inefficiency burdens
on core space, elevator and building costs, energy use, and ultimately,
asset return.

Passenger Separation

Individual recognition of passengers allows for different passenger
groups to be separated by the assignment to different elevators (see
Figure 5). While this may degrade overall system performance within
an elevator group, it can also allow for otherwise separate elevator
groups to be combined, allowing for sharing unused capacity between
what would otherwise be separate elevator groups in a traditional
system.
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Figure 4. Control of inter-floor traffic. (Source: Schindler Elevator Corporation and GVK-
ECS, Inc)
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Visitor Management

A state of the art access control system should includes a visitor
management system whereby tenants manage and take responsibility
for granting their visitor's access directly through the access control
system. Aside from providing improved accountability, visitor
processing efficiency is improved and security staffing costs can be
reduced. Given the importance of elevator integration with access
control, visitor processing, access and elevator assignments should

be considered in design. Self-service visitor access control, such as via
touch screens, interfaced to the elevator system, will be more widely
adopted as the benefits of this approach become more widely known
(see Figure 6).

Reducing Energy Consumption

The total carbon foot print of an elevator system over its life cycle is the
combination of elevator equipment manufacturing and installation
(the equipment itself) , elevator related building construction (such

as hoistways and equipment spaces), elevator system life cycle usage
(such as electrical consumption), and elevator related building system
consumption (such as machine and controller space cooling). There
remains considerable opportunity to better define and calculate these
costs, particularly given the long life cycle of tall building elevator
systems, and the impact of elevators on building costs for construction
and operation. A very small minority of tall building projects attempt
to empirically evaluate elevator energy consumption (and carbon
footprint) with any sophistication. The reality is that most projects pay
little attention to these. Opportunities for elevator energy consumption
reduction are summarized below.

Number of Starts & Consumption Per Start

These key metrics and the related calculations of elevator system
energy consumption receive little or no attention on the majority of
elevator projects (see Table 1). The superior traffic handling of systems
such as Destination Dispatch can lower energy consumption simply
by reducing the number of elevator starts for certain traffic scenarios.
Other methods are available to reduce consumption per start are
summarized below.

Regenerative Drives

The power consumed per elevator start can be reduced by using an
efficient drive system, such as a near unity power factor regenerative
drive. A regenerative drive returns power back to the building when
full or heavily loaded elevators travel down and empty or lightly
loaded elevators travel up, effectively making the electrical meter for
the elevator spin backwards. High quality regenerative drives also
output less machine room heat, have cleaner electrical harmonics
and automatically shut down during idle periods. Regenerative drive
features are now also offered for down escalators as well.

Counterweight Balancing

The counterweight of a typical high rise elevator weighs more than the
car by approximately 40% of the car capacity. To the extent that the
car and counterweight are more equally balanced, the energy required
to run the elevator is reduced. Elevator manufacturers are beginning to
develop energy saving dispatching modes to take advantage of this.

Elevator Energy Monitoring

Itis difficult to improve something that is not measured. There is not
yet an elevator or building industry standard protocol for elevator
system power consumption monitoring and integration into Building
Management Systems. Few (if any) buildings are being designed with
the capability for accurate, real time measurement of elevator system

Figure 5. Passenger Separation. (Source: Otis Elevator Company)
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Figure 6. Visitor self-check in. (Source: G4S)
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power consumption, separate from other building systems. This is not a
difficult development task, and this capability could be readily available
should an owner or developer ask for it. As with other opportunities, it
requires coordination between the elevator manufacturer and other
members of the design team.

Energy Rebates

While not yet common, some utilities in the U.S. have begun to offer
rebates for the use of elevator energy savings technologies, such as
near unity power factor regenerative drives.

Reducing Equipment Spaces

For nearly a century, the standard elevator system design located an
electric hoist machine (usually with a controller and drive system)

in oversized, overhead elevator machine room. While the basic
overhead equipment arrangement for tall buildings will remain for
the foreseeable future (along with continued creative architectural
approaches to hide it), the elevator industry has become more creative
in recent years regarding the reduction of the space requirements

for elevator equipment. Elevator system arrangement and layout
constraints previously defined and accepted as immutable have been
challenged and offer creative opportunities for building designers.

"Machine Room Less"

The Kone MonoSpace™ “machine room less elevator” (MRL) was
introduced in 1996. The key design element of the MonoSpace™ was
a slim axial linear AC gearless hoist motor, located in the top of the
hoistway above the counterweight, allowing for the elimination of
the overhead machine room. The MonoSpace™ also allowed for the
elimination or reduction of the controller space as well. The space
savings, and elevator and building cost savings, of MRLs are now well
known. In a few short years, MRLs became the dominant elevator
product type for low and mid rise buildings (up to approximately 20
floors), and for low and mid rise applications in tall buildings as well.

Controller and Machine Room Space

For higher rise, speed and capacity applications where MRL elevators
are not feasible, there still are opportunities to decrease the size of the
machine room. The Kone MiniSpace™ is basically a larger MonoSpace™,
but with a machine room no larger in plan than the elevator hoistway
(see Figure 7). This more efficient use of machine and controller space
in tall buildings will likely be benchmarked by other manufacturers.

Door Space
The space required by the elevator car and hoistway door system offers

Speed g | 1200(6.0) FPM (m/s)
Capacity MEREE | 2300(1.0) Ibs(kg)
Runs/Day &EfTo%k#/H | 1200
Drive / Motor Type kWh/ day (Estimate) Relative kWh Consumption Savings
BHRuHRY TEH/H (fF T REEHRENE
) Value %
KL

m-g DC (Regen)m-g 103 1.000 0%
i (F&)
SCR-DC (Regen)SCR 94 0.912 8.8%
i (F4)
Quattro PWM-DC (Regen) 56 0.539 46.1%
A0 WRPIMER (F4)
Inductive AC non-Regen 103 1.003 -0.3%
RBEXR (FFE)
Inductive AC w/ Regen 102 0.994 0.6%
REXH/FE
PM AC non-Regen 70 0.676 32.4%
KRR FFE)
PM AC w/ Regen 49 0.477 52.3%
KUK/ FE

Table 1. Gearless Comparison
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Figure 7. Kone MiniSpace™. (Source: KONE Corporation)
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a similar opportunity for space reduction. While a reduction of a few
centimeters of door space savings may appear small, it can represent a
significant gain when multiplied across all elevator door openings, on
all floors- particularly when the space saved is usable and rentable.

Counterweight Space

There remain opportunities for hoistway space savings through the
use of more space efficient counterweight designs. As with doors,

the space savings becomes significant when multiplied across the
elevator hoistways, the full height of the building. An extreme example
of counterweight space savings is the Kone MaxiSpace™, an electric
elevator with an innovative 6:1 roping arrangement that eliminates the
counterweight altogether. The MaxiSpace™ was proposed initially as

a retrofit product for existing, older low rise buildings in Europe, and is
limited to low speeds and small capacities. However, it does indicate
the significant potential for innovation in this area.

Double Deck

For shuttle elevator applications, such as to very tall building
observation decks, double deck elevators offer acknowledged traffic
handling benefits. However, for local service, Double Deck elevators
have traditionally been limited by the difficulties of efficiently loading
and unloading two decks simultaneously. Destination Dispatch has
been combined with double deck local elevators on a number of
recent projects and may offer improvements to both dispatching and
quality of passenger service.

Two Cars in Single Hoistway

A radical expansion of the Double Deck concept occurred in 2003
when ThyssenKrupp introduced TWIN (see Figure 8). While two cars
in a single hoistway had been pondered before, it had never been a
feasible design proposition. TWIN is in fact a Double Deck system in
which the two decks travel independent of each other, and so are
not constrained to only serve contiguous floors. TWIN can allow for
the elimination of entire hoistways, saving both space and building
construction cost. However, the elevator system and space planning
process for TWIN is complex. ATWIN car can not serve both top and
bottom floors, and so not all elevators in a group can be TWIN units.
Given the resulting floor service asymmetries, Destination Dispatch is a
required feature of TWIN.
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Figure 8. ThyssenKrupp TWIN. (Source: ThyssenKrupp Elevator)
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