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Paul Burns moved into vertical transportation in 2005
following 10 years in the steel industry, having complete a
metallurgy doctorate. He brought a wealth of experience
in heavy manufacturing, exporting to global markets and
practical experience in account management.
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Ed Figueiredo has worked at D2E for over three years.
After initially supporting the portfolio management
activities of the business, he now works with the design
team on some of the firm's key projects.
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Cameron O'Brien recently completed a degree

in Mechanical Engineering from the University of
Portsmouth, UK, during which time he explored
simulation modelling of mechanical systems using 2-D
and 3-D software packages. He joined D2E in 2015,
focusing on delivering vertical transport and facade
access solutions.
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Joe Wild is a graduate from Nottingham Trent University
with a first-class degree in Product Design. He joined D2E
in 2014 after completing his degree and a period working
in Dusseldorf, Germany developing bespoke products.
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Abstract | fFE

The development of high-rise residential buildings has grown significantly over the past decade
in response to the global increase in population density in urban centers. Urban populations
accounted for 54 percent of the global population in 2014 — up from just 34 percent in 1960 — and
are predicted to approach 70 percent by 2050. In this world of increasingly dense urbanization
and the drive to build ever taller, vertical transportation (VT) has become a vital component

to this urban expansion; however, recent experience has highlighted an apparent gap in the
expectations and perceptions between key stakeholders (including end users) as to the roles and
capabilities of VT in supporting high-rise living. In this paper, D2E explores and compares those
expectations and perceptions through surveys, direct interviews, its own VT design experience,
gathered industry data, and previous such studies, with the aim of defining and bridging the
divisions that currently exist.

Keywords: Development Stakeholders, Elevators, High Rise, Performance Based Design,
Residential, Vertical Transportation
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Introduction

In 2007, D2E first published a paper on the UK
high-rise market, entitled High-Rise Luxury
Apartments, which explored the relationship
between high-rise living and vertical
transportation (VT) requirements. In short, the
paper highlighted that high-rise living was on
the increase, and though VT was key to these
developments, it was seen as a cost rather
than an investment. Standards and references
relevant to VT in residential developments
were vague, as elevation only becomes
important once a building was inhabited.
The paper concluded that the strategy for

VT was critical to the success of the building,
but there was a knowledge gap as far as
professional guidance was concerned.

D2E have built upon this research by
continuing to develop the themes around
high-rise living while expanding the research
to the worldwide market. The new D2E/CTBUH
paper Improving Vertical Transportation Design
for a Dense Vertical Urban Environment, aims to
revisit the knowledge gaps identified in 2007,
explore any differences in the priorities and
perceptions of VT systems between various key
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stakeholders, and go some way to improving
our knowledge into this exciting and fast-
moving world of high-rise living (Figure 1).

Background/Literature Review

Urbanization is happening globally as

people migrate to cities in search of work

and economic prosperity. This geographical
migration now accounts for over 56 percent of
the worldwide population, and is forecast to
rise to 68.5 percent by 2050 (United Nations,
2015). However, this is problematic for

town planners and local governments alike,
because the rate of housing being developed,
as well as other vital public services, has to
meet the rise in population. This trend has
been particularly dramatic in China: over

the last three decades, the Chinese urban
population has grown by 500 million people
(The Economist, 2015). Over 55 percent of the
Chinese population now lives in cities (Central
Intelligence Agency, 2016).

Figure 2 illustrates the dramatic changes

in global urbanization since 1950, and the
continued, projected future trend. The

rise in urban density is seen in just about
every geographical region, not just those
with emerging economies. This surge in
urban living has in turn given birth to the
emergence of the megacity — an urban area
with a population in excess of ten million
inhabitants. In 1950, there were only two cities
capable of claiming this accolade, New York
(Newark) and Tokyo. Today, that number has
risen to more than 22 million, and continues
to grow (United Nations, 2015).

This continued and steady preference for
urban living, combined with a generally
limited cache of space, has raised the demand
for high-rise residential housing as the most
efficient solution for mass housing on a
limited footprint. Residents flock to this type
of accommodation, as it offers inner city living
close to their work and places of social leisure.
Seeing this trend, real estate developers are
focused on meeting this global demand.

The number of residential buildings over 200
meters has experienced large growth in recent
years. There are currently 238 completed
developments globally (Figure 3), up from just
five in the year 2,000 (CTBUH, 2016).

Of these 238 completed buildings, China,
South Korea, and the UAE account for almost
60 percent; this is a direct correlation to

the rapid rise in urbanization that these
regions have experienced. However, the
developments planned for construction see

Figure 1. D2E believes there is a disparity in the perception of VT’s contribution between key stakeholders in high-rise
residential developments. This image aims to illustrate that divergence by ranking the perceived contributions made
by VT to the overall development for each of the stakeholders. (Source: D2E International VT Consultants Ltd)
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Figure 2. The growth of the urbanized population by region since 1950, and forecast for 2050. (Source: United Nations,

2015)
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a shift away from these regions to a more
global spread, with India, Australia, and the
US accounting for over half of these planned
developments (Figure 4) (CTBUH, 2016).

From the data shown, it is clear that the
demand for high-rise residential space is as
strong as ever, and will continue to grow.

In addition, the development of new and
ever more efficient construction technology
means that we have the ability to build
even taller. Two developments in particular
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Figure 3. The numbers of residential buildings over 200 meters in height, by status from around the world. (CTBUH,

2016)
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Figure 4. The number of planned structures over 200 meters, by region. (Source: CTBUH, 2016)
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exemplify this, Lanco Hills Signature Tower in
Hyderabad, India and Meydan City in Dubai,
UAE, which are proposed to be 604 meters
and 711 meters, respectively.

Elevator manufacturers have responded to
this ever increasing drive to build taller, with
products that travel faster, use fewer or lighter
materials, manage journeys more efficiently,

and are proportionally more power efficient
than in the past. However, as stakeholders

in a supply chain focused on satisfying this
growing demand, are we aware of and
sympathetic to the preferences and priorities
of our colleagues? And most significantly

of the tenants and buyers occupying the
products of our efforts?
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Experimental Method

In order to bridge the knowledge gap
regarding high-rise VT strategies, D2E set
out to gather information from the market
and from industry professionals. First, D2E
identified the key stakeholders — specifically
developers and investors, architects and
designers, manufacturers and contractors,
marketing agents and realtors, and finally,
building managers and residents.

D2E conducted direct interviews with a
number of the professional stakeholder
groups, such as developers, architects, and
realtors. The individuals were chosen based
on their experience and unique expertise
in the field. From the information gathered
during the interviews, D2E prepared a
qualitative survey using an online tool in
order to add depth to the professional
stakeholder groups, and also to reach the
resident stakeholder group (Figure 5).

The survey consisted of seven questions
regarding expectations for high-rise
buildings, issues related to VT, and the
respondents experience in high-rise
residential buildings. A further three
questions identified the provenance of

the respondent to allow D2E to effectively
analyze the responses. The survey was issued
to building managers, residents, architects,
and developers from around the world.

All the information gathered through direct
interviews and surveys was then analyzed by
themes and keywords to build a trend of that
stakeholder group’s preference or tendency.

Results

Developers/Investors

The position of the developer of high-rise
residential structures appears, superficially, to
bring the same issues as faced by any other
manufacturer. Those being the delivery of

a product that will generate a return, whilst
keeping the cost base low, and in the shortest
possible time; however, the residential market
is a complex and multi-tiered one, with
sectors ranging from customers who need

a home that is affordable and immediately
available; through to those aspiring to a
different style of living; and then to those
making investments, often buying and selling-
off plans before construction is complete.

For those developers that expressed a view,
both in northern Europe and China, the
themes of greatest importance revolved
around achieving the best possible value, at

the right cost, and in shortest possible time. In
terms of VT, the message from the developers
again focused on efficient layouts, the
number and size of the lifts and the effect that
they will have on cost and the net lettable
area, and the most efficient installations.
When marketing a development directly (as
opposed to off-plan), there was a recognition
of the importance elevators play in conveying
the desired impression of the development,
including a concern for the ride quality and
waiting times.

Lastly, the common frustration with elevators
expressed by developers, irrespective of their
region, was the failures and breakdowns post
completion. Hidden defects in components
that only come to light after handover when
the elevator is in operation, were a particular
annoyance. This frustration was compounded
when combined with an apparent inability by
the manufacturer to support the installation in
promptly or successfully resolving the faults.

Architects and Designers

Having canvased the opinions and
experiences of a number of architectural
practices based in London, but with
international experience, the picture that
develops is as much about environment as it
is about practical, commercial interests. The
key words that dominate in the architectural
interviews tend to express a desire for high-
rise residential developments that cultivate a
positive experience. Importance is placed on
making the development a socially enjoyable
experience: neighborly, and including
“liveability, communal spaces, and moving
away from concrete towers. In addition

to these aspirations, confirmation of the
development footprint is seen as crucial to the
future of the project, to maximize efficiency
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Figure 5. Flow chart describing the methodology employed in surveying high-rise residential stakeholders. (Source:

D2E International VT Consultants Ltd)
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by getting the right balance between unit size
and numbers, and the core space.

For the architectural community that was
surveyed, the role played by VT is as much
about supporting that experience as anything.
The VT is seen as the transition from the

lobby to the apartments and, as such, needs
to maintain the same standard of finish,

or standard of experience, or continue the
theme developed in other parts of the
building. This is manifested in, not only the
type of finishes employed, but also the
physical size/capacity of the elevators, as over-
sizing the elevators creates an impression of
quality and luxury. This last point is interesting
and appears to be in conflict with the desire
to achieve efficiency in the footprint. The
recognition that elevators are the biggest
influence on core arrangement, and that they
take up a lot of floor space contradicts the
conviction that"bigger is better.

The elevator related problems experienced
by those architects and designers who
responded tend to follow the same themes.
Specifically, they tend to center on the
special requirements of elevators. Particular
frustrations are felt with designing in the
flexibility of the core, so that the shaft
dimensions meet a range of manufacturers’
requirements as this doesn't feel cost
effective. Also, small changes in shaft
design and dimensions at later stages

in the process have a dramatic impact

on the footprint configuration. Further,

the fact that the elevators tend to be
procured as an M&E package (a machine),
and not an architectural feature, appears

to be frustrating because commercial
considerations then dominate. The
cheapest product to demonstrate technical
compliance is procured rather than the
product that achieves the aesthetic aspiration.

What is interesting from a VT consultant’s
perspective is that the architectural and
designers bias avoids those technical
considerations that the VT consultant sees as
important, such as performance, redundancy,
ride quality, and so on.

Agents/Realtors

The position of the agent, with respect to
high-rise residential developments and the VT
systems that support them, is a complicated
one driven as much by the market sector
that the development is targeting than
anything else. At the entry end of the market,
more commonly referred to as Affordable

or Private Rented Sector (PRS) in the UK, the
“‘churn rate”is a driving factor. This is the rate
at which tenants move in and out of their
apartments over a fixed period. With tenancy

agreements of typically 18 months to two
years, any reasonable-sized PRS development
is going to have a high churn rate — possible
daily moves, but certainly weekly. Under
these circumstances the priority for a VT
system is two-fold: firstly, to be sufficiently
robust to withstand the punishment of such
regular movements of large items such as
furniture and white goods; and secondly,
there needs to be sufficient numbers of
elevators to ensure the that the regular loss
of one elevator to support tenants moving
does not reduce the available lifting capacity
to the point where regular passenger
conveyance is compromised. The PRS market
is already well established in China, with

a state source indicating that less than 25
percent of graduates in their early 30's own
homes (Michelle, 2015); this is equally well
established in Asia and mainland Europe. The
sector has grown substantially in recent years
in the UK, now accounting for 16.5 percent of
all UK households (Veldkamp, 2015), and is an
area that may come into conflict with other
stakeholders'desires to minimize core space in
order to maximize revenue.

For the mid-range market, (typically £750 -
£1,500 per ft2 in London) where there are

a higher proportion of owner occupiers,

the priority for the selling agent is the
service charge. The concern for agents who
were surveyed was that the inclusion of
more elevators to obtain a superior service
would result in a larger maintenance and
repair burden. This would necessitate a
higher service charge and effectively put
the development beyond the budget of

the target market. In the opinion of these
agents canvassed, the service charge is

an obvious additional cost that is readily
comparable by potential buyers and can be
an important input into the buying decision.
For those markets and regions where long-
term tenancies are the cultural normin the
mid-range market, the service charge is less
obvious as it is absorbed into the rent. None-
the-less, the tendency to measure the value
of residential space by cost-per-unit-area is an
important influencer.

At the upper end of the market, the super-
prime client has a surprisingly sophisticated
knowledge of materials, equipment, and
technology. The comment that such clients
"know what they want”was noted a number
of times from agents. Whether seeking to
procure a private home for personal use or to
develop luxury homes for others, it appears
that the super-prime client values service
excellence and discretion, and is not averse to
sacrificing footprint for an enhanced core to
achieve this. Such super-prime developments
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will often include back-of-house, staff, and
goods elevators in support of the home or the
development — something that the mid-range
and PRS markets could not tolerate.

The frustrations with VT expressed by agents,
centers primarily on developments that
target a particular market sector where

the VT design had failed to recognize the
priorities described above. In addition, and
interestingly, a reoccurring area of irritation,
was the belief that the VT industry tended

to over-complicate products and systems,
with references to destination control,
touchscreen technology, and so on. This

was interesting as the super-prime sector is
demonstrating a growing interest in home-
automation and the “internet of things”as

a unique selling point or differentiator. VT
systems are being included in this, with a
desire for home automation to including the
facility to call an elevator from an apartment.

Finally, the real estate agent community

has a preference to describe and measure
developments in terms of “units”— a unit
being an apartment. This is important from
a VT perspective because those involved
with the design of VT systems regard the
population as a more valuable metric for
their work, and whilst population can be
derived from the apartment-mix-per-level; this
difference in "vocabulary”illustrates the delta
between stakeholders.

VT Professionals

As might be expected, those professionals
and designers involved in the VT industry
regard VT as the most significant element
of the high-rise residential development.
Whilst we must be gracious and forgive our
colleagues for promoting our area of interest,
the focus of VT professionals’ attention

is not in the obvious areas. It might be
expected that this group would emphasize
highly technical areas and matters of code
and statute compliance and, whilst these
subjects are acknowledged, the emphasis
tends toward understanding and satisfying
the client vision and requirements. Themes
such as a robust goods, firefighting, waste,
and maintenance strategies; a high-quality
finish; suitably sized elevators; knowing the
demographic of the residents; and focusing
the life cycle of the VT design, are well
represented by VT professionals.

Again, as might be expected for a
community who spend their professional
lives immersed in all aspects of VT, the

range of problems and issues experienced

is as wide as it is varied, with no one theme
dominating. That said, there are two areas
that recur. The first is a desire to provide users

with more information about their elevators
and the technology employed. There is

a feeling that ever more involved and
connected technology is being lost on the
end users, who desire simplicity. Secondly,
there is a collective eye on the future, from
the perspective of trying to ensure the
longevity, or the whole life cycle of the
elevators, that energy use is as efficient as
can be, and that replacement at the end of
life is as straight forward and as undisruptive
as possible.

Residents

The opinions and priorities of the residents
who ultimately fund the developments we
work on and who experience first-hand
the results of our collective efforts, should
carry the most significance for all for us.
With that in mind, it is interesting that the
themes that dominate when discussing
what's important to residents about their
buildings are motivated by lifestyle and
convenience: proximity to amenities, like
shops, restaurants, entertainment, parks,
schools, and transport links; and a desire
for a peaceful, quiet, and pleasant place to
live. The only other significantly influencing
factors expressed by those who responded
were security (14.8 percent) and elevators
a very lowly 3.7 percent (Figure 6). These
views tend to reflect the aspirations of

the architectural community to provide a
socially enjoyable experience, the “liveability
of the development, and an emphasis on
communal spaces.
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Figure 6. The views of surveyed residents, stating what is most important to them in their building. (Source: D2E

International VT Consultants Ltd)
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Figure 7. The views of residents by category, responding to survey questions specifically focused on their experiences

of VT. (Source: D2E International VT Consultants Ltd)
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When residents were invited for their
opinions specifically concerning the
importance of VT to them, the responses
were emphatic. The adjectives being
returned by the vast majority of the survey
included “crucial, extremely important,
essential, and imperative” Only eight percent
rated elevators of little or no importance.

The frustrations felt by residents towards
their VT service is, as might be expected,
dominated by poor service or a complete
lack of service. With reference to Figure
7,22 percent of the complaints were
related to elevators not being available
through breakdowns (Reliability), or due

to preventative maintenance planned

at inconvenient times (Inconvenient
Maintenance). Around 10 percent of
grievances related to residents’ experiences
of waiting times being more than expected
(included in Traffic Handling Performance).
The remaining areas reported as of concern
were divided between unsatisfactory
operation of the elevator itself, such as slow
elevator speed; unexpected door operation
and user errors (Other Operational Issues);
and dissatisfaction with certain building
strategies, such as the movements of
goods or the movement of domestic

waste in passenger elevators (Goods /
Waste Strategies). Almost a quarter of
those responding had no issues with their
elevators at all.

When asked to compare their issues with
elevators to issues with other services in
their building, only two percent placed other
services ahead of elevators. The remainder
repeated their elevator experiences.

The geographical distribution of respondents
was dominated by Hong Kong and

Dubai, with Kuwait and the UK also well
represented (Figure 8).

Conclusions

[tis clear that the acceptance of, and even
preference for high-rise living continues to
grow globally. Building up is not simply an
efficient response to increasing urbanization,
but is often a sought after product feeding
an aspirational market. Indeed, even less
mature high-rise residential markets such

as London, where house ownership was
traditionally seen as the norm, are witnessing
an increase in the private residential sector.

It is also apparent that VT is no longer just a
cost, but is increasingly being recognized as
bringing value to high-rise developments.
Whilst the majority of stakeholders appear
to recognize the importance of VT to the
operation of a high-rise development, its
potential to contribute to a socially pleasing
experience is perhaps still a new concept.
The message from the end users appears

to be that the importance of VT is still

really only recognized once apartments

are occupied. Crudely, it would appear that
whilst elevators don't sell apartments, they
certainly dominate when it comes to stress-
free living, irrespective of region or the floor
lived on. Encouragingly, a large proportion
of residents appear to be happy with their
VT, indicating that products are fulfilling
expectations; however, it is also interesting
that VT performance and waiting times were
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significantly more important to residents
than a good ride quality.

Finally, whilst the general gap in knowledge
highlighted in D2E's paper of 2007 appears to
have reduced, it is clear that the priorities of
the different stakeholder groups still vary. The
vocabularies employed by each group remain
diverse, and D2E believe that, as well as
providing technical, performance, code, and
statutes advice, it is for the VT consultant to
act as a“Rosetta Stone," providing translation
between stakeholders.
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Recommendations for Further Work

Following the research and conclusions
reached in this paper, further work is required
to bridge the gap between pre-build and
post-build requirements (from the various
interested parties) which will facilitate the
development of a VT Design Guide for High-
Rise Residential Dwellings. Further, whilst
this paper did not intend to focus on any
one country, the explosive growth of high-
rise residential towers in China should be
recognized, and the effects would be worthy
of further research.
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