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Abstract

The continuing increase in urbanization creates significant challenges for our cities and the tall
buildings within them. This includes the demand for space, consideration of the environmental
constraints and societal expectations. The paper considers present trends and looks at how this
is impacting the thinking of high-rise design. It projects forward to 2050 and looks at a futurists
view and the need for tall buildings to become more than shells to create spaces, but the need
for them to function as an integral part of the urban ecosystem. The paper concludes with an
overview of a concept design for a 150 story in which many of the principals and drivers for
design have been incorporated.
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Introduction

[t is an incredible fact that by 2050 the human
population will have reached 9 billion people,
75% of whom will be living in cities (Hargrave
2013). When faced with these statistics, the
well-known migration into the cities of China
comes to mind. However, whilst there is
obviously a significant differentiator in terms
of scale, the demands for city growth are, to
different degrees, global.

This migration has resulted from a number
of factors spanning the fabric of social needs
and economical drivers. Itis evident that
this increase in migration is occurring in
an‘ecological age’' - basically a time where
society is mindful of the resource constraints
of our planet, and the need to address
(change) the ways of the past. By 2050, there
will be a majority of people that will have
experienced their whole life in the digital, and
the environmentally conscious, age. It is fair
to say that the expectations of the populous
at that time will be extensive. It is therefore
incumbent on the designers, developers and
contractors of this age to be mindful of these
expectations and the challenges it presents.

This paper is to be read in conjunction with
the presentation material, which will give a
graphical insight to the challenges and the
'stepping stones'that are being taken to
address. It also, in a semi-provocative way,
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present the picture of what the future may hold and the extent to which
this will be a way finder for future research and development trends.

Current Trend Indicators

Below are defined some indicators, or as they could be referred,
'stepping stones, into how things are likely to develop in the ecological
age as we move to 2050.

Certain cities have the luxury of being able to develop organically and
in a controlled way. Many do not. The CBD areas in these cities are in
high demand and space is confined. Whilst the concept of modifying
existing buildings to accommodate increased accommodation is not
new, it is evident that in certain parts of the world, the demand for
prime inner city space is pushing to unprecedented levels the demand
(and viability) for modification.

In Sydney, not one of the usually recognized global city migration
centres, there is presently underway a project to extend an existing 25
story building to a 68 story building. This is compelling proposition.
Why should a building of stature, that has served its owners well for
30 years, be demolished and rebuilt to become a‘greater icon? In this
instance, there was an advantage in retaining the ‘old’and allowing the
new to literally'embrace’ The solution was to develop a form of tower
that matched well with the existing from a planning perspective, a
structural form that integrates and strengthens the existing and which
achieves the new heights (Figure 1). In the spirit of stepping stones to
2050, these can be seen as significant because:

« There is an evident benefit in recycling on a macro-scale
materials, via a whole building re-use. Demolition in crowded
CBD's does present challenges which can be avoided.

« Itis avery evident example of retention of materials to be seen
by all, including passers-by.

- It elevates challenges to the construction industry, and will
demand a different skill set and approach.

- It exemplifies the need for an ‘adaptability culture’in the
buildings that we develop.

Taking the last point, the project in question presents significant
challenges in terms of building intervention, construction
methodologies, planning and structural design. If the original
designers of the building had known that such a dramatic extension of
the building would take place within the design life of the building, the
building potentially could have been designed differently. This does
not necessarily need to be at extra cost, but merely a consideration of
how the building might be more easily adapted. For example:

« Knock out provisions around cores that enable them to be
‘expanded’

- Consideration as to where the additional structure could be
provided around the perimeter and making sure there is a
strategy for access to place additional foundations.

+ What could the extended form look like, when considering the
design of the original smaller form.
It is more about envisioning. It reinforces the need for a design mentality
that is geared around adaptability, modular approach and one which
recognizes the known horizon of technology and accommodates.

The materials we use in buildings, particularly high-rise construction,
have changed little in the past 60 years. Itis refreshing that there is
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Figure 1. Extension of existing tower (25 to 68 storys) (Source Arup)
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now considerable activity in the use of timber intensive methods of
construction for high-rise. The Life Cycle Tower concept for an open

plan 20 story timber hybrid structure (Figure 2 and 3) in one of several
proposals worldwide that have raised the bar in terms of what can be
achieved. The smaller scale projects that have been constructed to
date, notably the 8 story prototype life cycle tower in Austria and the

10 story all timber Forte tower in Melbourne have demonstrated the
potential of lightweight accurately machined timber elements to enable
incredibly fast and high quality construction. In addition to the benefits
of speed, and prefabrication, a key has been the potential to produce CO
neutral buildings from an embodied energy perspective. Timber is also
a material that is light and therefore lends itself to use in seismic zones
where large mass is detrimental to the performance of the buildings.

2

In the 'stepping stone’approach to achieving goals, it is believed that
timber represents a significant step forward and one that will be fully
capitalized upon in meeting the future demands of modularization
and adaptability. It is agreed that there are some hurdles to be faced;
these are centered around people’s potentially negative perception

of timber as a reliable material, and their perceptions regarding its
vulnerability in fire. It is believed however, that in certain situations, and
in geographies where timber use in smaller scale dwellings is more
commonplace, the potential negative perceptions will be overcome —
particularly by a generation of people that will embrace the long term
benefits of timber as a sustainable material.

Cities currently hold 60% of the world's population, but are responsible
for 80% of the emissions. It is widely recognized that buildings
represent the vast majority of emissions and energy usage in cities. It is
encouraging, however, to note that strides are being made to address
this issue. These are considered stepping stones to achieving the

goal and are imperative to getting where we need to be. The various
statutory bodies in parts of the world are indeed implementing targets
that push in the right direction. However the pace at which this ‘push’
from statutory bodies is being implemented is no doubt impeded by
many competing factors — not least the financial considerations of
development and the resistance to change.

What is clear is that whilst new technologies are being developed, to
be truly successful, there is a fully holistic approach that needs to be
adopted - one which will challenge our approach to design.

Figure 2. Life Cycle timber tower.
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B 3. SR A

20144 CTBUH L # 43 | 77



So What Could 2050 Look Like?

Whilst the above introduces some of the ‘stepping stones, it is
appropriate to consider the goal of the future and, removing many
present constraints, think about what that future might look like. Much
of below has been developed by Arup Foresight and Innovation, a group
of individuals who specifically look over the horizon and challenge us

on present norms that exist at the present and develop visions for the
future. Figure 4 shows a diagrammatic distillation of this thinking. It is
intentionally all-encompassing in its form to flag some of these issues.

A key driver here is that it recognizes that in 2050, there will be
generation of adults that have lived all their lives engaging with

smart devices and materials. They will have experienced technology
breakthroughs that redefine how human beings interact — not only with
each other but with their surrounding environment. There will be an
expectation for an environment that invites adaptation with ease, a place
where hard infrastructure, communication and social interaction are
seamlessly intertwined, and one in which buildings are used 24 hours

a day. The overriding goal is that in 2050 buildings function as part of

an urban ecosystem while actively contributing to the unique needs of
the individual user. By producing energy, food, clean air and water, they
transition from being considered passive shells to becoming adaptive
and responsive organisms — effectively living and breathing structures.

Some of the specifics proposed are as follows:

« Incorporation of vertical farms

- Lightweight modules that are interchangeable to reflect the
changing demands of usage and hence are continually adaptable.

+ Smart infrastructure grid which collect data on its occupants
and informs and responds accordingly.

+ Algae facades to produce bio fuels.

« Nano treatments applied to the envelop that are able to
neutralise airborne pollutants and capture CO.,.

+ Water extraction from humid air
- Fully robotic maintenance
+ Encouraging ecological interaction

Whilst large scale implementation of some of these aspects may
be a little out of reach of present thinking, it is evident that drivers,
ecological and societal will force the issue and influence the priorities.

Putting This Thinking Into Practice - Study of a 150 Story Building

Above has looked at some of the immediate trends in addressing
urbanization, as well as leaping forward to look at what the futurist’s
view of the building in 2050 might encompass.

Arup paired with Kiss + Cathcart architects to look at the design of a
150 story building that recognizes these goals and ideals, to explore
if it is possible to design a 150 story building that produces all its own
energy, and treats and reuses its water and waste. The geometry,
structure, construction methods and materials, building systems, and
energy consumption and production were all analyzed taking into
account foreseeable improvements in technology by 2050 (Figure 5).

Geometry — The general layout and geometry of the building lends
itself to a low energy use building. The shape of the building is
determined by our requirement that the building have thin floor
plates (max. 15 meter), as a key objective is to create a building that

Figure 4. A vision for 2050
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can provide for human physiological and metabolic needs, including
daylight penetration and views to the outside from all interior spaces.
Additionally, the strategy of using thin plans increases the ratio of facade
to floor space, which generates higher yields from the solar facades.

Structure — Usually a high facade to floor area ratio raises the
embodied energy, operational energy, and construction cost of a
building. To address these concerns, several methods of modular
construction were analyzed to see what might be possible by the year
2050. The modules themselves incorporate timber construction in a
way which meets fire code, with the overall objective of making the
building lighter, possessing less embodied energy, and in a way which
allows for easy replacement of modules to make the building use
flexible as the needs of occupant change.

Movement Through the Building — A challenge of high-rise buildings
is the movement of occupants throughout the building. Providing
enough elevators for 150 stories generally requires a bulky core, which
is in conflict with the long thin layout of this building. The latest
technology indicates that double stacking elevators, with carbon fiber
rope, would lower the weight of the elevators, require less elevator
banks, and drastically reduce the elevator energy consumption. The
long thin layout allows for more access to egress stairs, which is often a
challenge of high-rise buildings.

Operational Energy - With regards to the operational energy
consumption of the building, the research has focused on:

+ The effects of improvements in the performance of the
envelope on the total energy consumption, with consideration
for the modular construction and improved infiltration rates;

« The effects of glazing ratio of the facade on the energy
consumption for HVAC and lighting respectively;

« Increased performance of all energy consuming systems based
on trend lines from the last 20 years and looking ahead. This
includes lighting technologies, HVAC equipment, and water
recycling systems.

Analysis of the above has been done through a model that has been
developed in-house by Arup. The final energy model resulted in a total
energy demand of 364 kWh/m?/year for a New York climate. Figure 6
shows how this compares with the normal condition for a building in 2013.

Energy Production - This building allows for the consideration of
building integrated photovoltaics (BIPV) on a large scale. Besides
research into new PV technologies, the geometry of the building was
formed to allow for maximum exposure to sunlight. Solar studies of the
building and its surroundings, in a dense urban context, have given

a realistic perspective on the amount of shading on the facades. An
overall facade coverage of 60% solar systems, adjusted for latitude,
weather, shading and B.O.S. losses, proved an affective output of 60.5
kWh/m? of floor area per year (Figure 7).

Embodied Energy - The embodied energy of building materials is
relatively increasing in importance with the reduction of operational
energy, to be neutral a building must expect to obtain energy ‘payback!
Especially for a high-rise, embodied energy is very high due to the demands
on the structure. Data derived from NREL studies and an internal Arup
database was used to calculate an overall energy balance of the building
materials. Given the high surplus on energy production, the tower is able

to regenerate the amount of energy it took to build it within a reasonable
timeframe. The desired payback was met by the building becoming neutral
before any replacement of modular systems would be needed.
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Figure 5. The 2050 tower (Source Kiss + Cathcart Architects)
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Figure 6. Operational Energy usages to scale (Source Arup)

W 6. 12 E b & (L F el B (R BLAE4Y)

Water - The water balance scenarios considered that by 2050, availability
of municipal water may be scarce and the impact on infrastructure

of a 150 story tower may not be able to be accommodated. With

recent technological progress in the reuse of gray and black water the
strategy for minimizing the need of fresh water from the grid has been
solidified. With regards to the water demand beyond what is available
from rainwater and recycling, it is assumed that potable water will be
generated through desalination of ocean water and the energy needed
for this process is accounted for in the energy balance.

Waste - The issue of waste has been addressed both with regards to the
building and its inhabitants. The embodied energy includes the waste
processes associated with the end of life of building components and as
such the energy of the full life cycle of the building has been accounted
for. As for the biological waste generated by the occupants, a study was
conducted into the waste to energy strategies that are currently available.
For the 2050 tower a waste process based on incineration is found to be
most applicable for the scale of the building. With this process the 2,500
tons of waste per year can be utilized to generate 2.8 kWh/m?/year.

When combined, the operational energy, embodied energy,
construction methods, and new technologies all point to the
possibility of a totally self-sufficient tower by the year 2050.

Conclusion

This paper has presented some of the challenges facing the

increased migration to our cities in terms of space demands and
environmental considerations and what this means for the design

of high-rise towers. It has conveyed some present trends and steps
that are evolving as well as looking at what the tall building of 2050
might comprise. A specific study performed on a 150 story building
indicates that tall buildings may indeed be an answer to the urban
population challenges in the year 2050, and when combined, the
operational energy, embodied energy, construction methods, and new
technologies all point to the possibility of a totally self-sufficient tower.
The studies are on-going on many fronts and will continue to refine
our thinking and potential application of these principles.
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