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Abstract

The ‘Future Office’ Study responded to the challenge of creating a tall office buildings in central
London for half the current benchmark — without compromising design credentials and while
ensuring true sustainability. The principle of exploring the environmental, social and economic
sustainability (planet/people/profit) of a tall building underpins a new methodology for
quantifying options in terms of capital and whole life costs, spatial efficiency, embodied and
operational carbon and fit-for-purpose criteria such as comfort and adaptability. The exercise
challenged industry preferences and raised fundamental questions such as: can buildings which
have been through such evaluation make a city more competitive? Is investment directed in
the right places? Is sustainability better achieved through architecture rather than technological
fixes?

Keywords: Tall, Sustainable, Future, City, Skyscraper
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Background

A’Blueprint for the Future?'is a rather grand
question for a title, one that implies a
comprehensive and revolutionary answer. This
is perhaps too much to ask, but it is hoped
that the principles underpinning the study
outlined in this paper provide a useful agenda
to help prompt and assess a developing, or
even new, tall building typology.

This work was hatched five years ago when
cost consultants from Davis Langdon’s Tall
Buildings Group met the Sustainability and
Advanced Modeling Team at Aedas and
started a journey of honest and insightful
collaboration.

That first meeting realized a common

pursuit of a proper understanding of the
evolving concept of sustainability, together
with a methodology that frames this wide
and complex subject. The lack of available
data was bemoaned as was the vast range

of statutory and advisory edicts, largely
uncoordinated and in some cases conflicting.

On the back of a paper for the 2008 CTBUH
World Congress in Dubai on The Economics
of Sustainable Tall Buildings, Davis Langdon,
Aedas, Hilson Moran Partnership (services)
and Arup (structures) began work on creating
a Tall Buildings Parametric Model (see Figure
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Figure 1. Parametric Model (Source: Aedas Architects )
FE1. 2 #A (HE: Aedas Architects)

1) to demonstrate, on an interactive platform, the long-term economic
and sustainable impacts of different high-rise forms. This parametric
model showed the effect of parameters such as height, floor plate size,
orientation, shape, etc on not only construction costs, but also life-
cycle costs and carbon emissions.

The future is of course characterized by uncertainty, and the doubt
associated with data on the long-term aspects of running a building
has historically presented a barrier. The parametric model attempts to
prevent these crucial parts of an asset’s life cycle from being ignored.
These elements invariably have a much greater impact than capital
cost on the performance of a building - particularly large and complex
undertakings like towers — and are substantially influenced at concept
stage, so they should be included in any commercial assessment of the
project at the outset.

Bringing a different value perspective to the feasibility stage was an
essential premise of the model; there are perhaps three fundamental
concepts from this early work that have been a consistent theme to
this day:

« Value Perspectives - the ability to measure value from different
standpoints.

« Collaborative Assessment — the power of a team working
together and the ultimate aim of strengthening the tie
between those who produce buildings and those who use
them.

« Long-Term Improvements — it is an approach that relies on and
therefore encourages the collection of data relating to how
buildings are used

Two years later in Spring 2010, with further development of the
parametric model in the interim, a meeting with Sir Stuart Lipton of
Chelsfield Partners, a renowned property developer in the UK, played
catalyst for the next stage of this work.

The purpose of the meeting was to offer Sir Stuart a review of the
London Office Market, but the discussion took a number of important
and relevant turns before arrival at the crux. One of these avenues is
how Georgian architects, such as those that designed many impressive
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Figure 2. CLO office benchmarking 2010 (source: Davis Langdon)
[E2. CLO A& EA 2010 (HE: Davis Langdon)

houses that line the streets and squares of London, would have used
architectural pattern books to impressive effect — perhaps dispelling
the modern myth that standardization has to mean low quality.

This theme was referred to during a review of Davis Langdon’s Central
London Office Benchmarking (see Figure 2), showing a significant
range of Shell & Core construction costs — but also a level of costs that
does not compare well with other global cities. One of the reasons

is the penalty paid by London’s tall buildings for its array of shapely
architectural and engineering structures, in the form of high wall:floor
ratios (see Figure 3) (the amount of facades for every square meter of
floor area). London’s towers average over 0.50 (i.e. 50 m? of facades
for every 100 m? of floor area) compared to not much more than

0.30 for the Asia-Pacific icons. So, before one even thinks about the
specification of the external walls, there is a 50% to 60% premium for
their expanse, which can affect the bottom line by 10% or more.

This reinforces the point that shape is at least as important as height
when it comes to tall buildings economics. But it is not the only reason
for the variance in high-rise cost across the globe, and it was against
this background that Sir Stuart set the key challenge: to create a forty-
story office tower in Central London for £125/ft, which represents half
the mean cost of the landmark towers that were in various stages of
development in the United Kingdom's capital.

It was clear from the outset that reaching that cost target required a
back-to-basics approach to form and specification as well as innovation
in materials, methodology and process and learning relevant lessons
from other parts of the world.

And so the 'Future Office’ Study began, which is now being posed as
the question: is this a blueprint for the future?

To start, WSP Cantor Seinuk was asked to come up with the ideal
structural solution for such a building, one without complexity, using
standard sections and arranged on an optimum grid. Each discipline
was set the same fundamental challenge, and five months later the
team, through a series of iterations, influenced by open discussion and
debate, had an answer. Assuming a forty-story shell and core office
tower in Central London, sixty year lifespan and a British Council for
Offices guide specification, the cost-optimized scheme was presented:
a notional 54 x 54 m square tower (see Figure 4) with a central concrete
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Figure 3. Asia vs London Wall: floor (Source: Davis Langdon )
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core; double-deck vertical transportation strategy; four-pipe fan coil
system with centralized plant; steel frame with perimeter columns at
6 m centers and 15 m core-glass spans; double-glazed curtain walling
based on a chassis system that allows alternative orientation of panels
and the ability to incorporate solid elements to satisfy user comfort
and building regulation requirements.

This large, regular floorplate, together with a floor-to-floor height of
3.8 m, produced a wall:floor ratio of 0.28 and an overall net:gross floor
area efficiency of 75% (80% above ground) —a very good result of a
commercial building of this height. These efficiencies also helped us
to achieve a shell and core cost of around £140/ft> -~ much lower than
initial expectations.

But this only addressed the capital cost aspect of the challenge.

To create a truly sustainable building, it needs to be at once
environmentally, socially and economically sympathetic — the "three
Ps" of people, planet and profit. The work had to also confront the
whole-life costs of the building, its carbon credentials and its fitness
for purpose, which required evaluating this baseline option against
alternatives (see Figure 5). These included a precast facade instead of
the curtain wall system, short-span steel and short-span and long-span
concrete in terms of structure. System alternatives considered were
centralized versus decentralized and fan coil versus chilled beam. The
team also quantified the benefits of going down a mixed mode route.

A methodology was developed to quantify key design options across
the three Ps, based on the Olympics' embodied carbon foot-printing
template (London 2012), energy costs over 60 years and user criteria
such as comfort and adaptability. This resulted in the Sustainability
Evaluation Matrix (see Figure 6), color-coded to allow an interpretation
of qualitative considerations against financial and environmental
impacts.

These appraisals show how different value perspectives provide a
different answer, demonstrated by some of the following examples.

Profit

The 'profit’aspect of the scheme relates to the financial drivers of a
tower, including net internal area, capital cost and life cycle costs
(maintenance, energy, replacement, repairs etc).

From a net internal area perspective, the best performing combination
was found to be a curtain wall, steel frame and decentralized air
handling system. This follows logically since concrete occupies more
space than steel, whether as a column or a facade panel. Centralized
servicing (the industry standard in the UK) requires greater core area
to move air through the building and an entire mid-rise floor for plant:
moving to a decentralized air handling strategy may incur additional
equipment and other costs, but frees up valuable space.

In strictly capital cost terms, short span concrete was found to be
the most effective, because the floor-to-floor height can be lowered
when integrated with the ventilation system. Assuming a fixed
number of floors in the comparison, less actual building is ultimately
built, approximately 6 meters. In addition to the capital cost savings,
embodied energy savings of 240 kg Co2e/m” were achieved. The
shorter building also saves money over the whole life of the building
because there is less facade to clean, maintain and replace.

For whole-life costs, the running costs can vary by over £200/m?/year
depending on the mechanical system. Overall, a centralized plant
together with chilled beams yielded the lowest energy consumption
and maintenance costs. This assumes the building is continuously

Figure 4. Optimised floor plates showing selected floorplate (Source: Future office
study)
H4, (g ReEM, LRAEEE (HE: Future office study )
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Figure 5. Options assessed across all parameters (Source: Future office study)

5. A WS KW R T E (M E: Future office study)

Figure 6. Sustainability Evaluation Matrix (Source: Future office study)

6. TS ITEEEM (1 B Future office study)
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occupied during standard working days. As this system serves multiple
floors, extended office hours and occasional vacancies mean parts of
the building are being serviced when empty.

Even within the ‘profit’ category, each financial parameter tends to
point to a different structural, mechanical and facade strategy for the
tower.

Planet

'Planet’ covers the embodied and operational carbon over the design
life of the building, excluding deconstruction. As with capital costs,
building less structure uses fewer resources, meaning a short span
concrete structure has the least embodied carbon — provided the
client doesn't object to internal columns. Benefits can also be gained
by exposing the concrete soffit and potentially using the thermal
mass of the floor as part of the mechanical system, thereby lowering
temperature control.

For the facade, a precast system may have lower embodied energy but
the heavy thermal mass of concrete can trap internal heat gains in the
space causing an increase in cooling loads and operational carbon.

On the other hand, the recyclability of curtain wall systems can also be
compromised by the application of high-performing glass coatings.
The greatest difference is between short span steel and centralized fan
coil versus the short span concrete and decentralized chilled beam
combination. This is largely due to less structure built for the second
option. While differences between operational carbon are small
between the mainstream systems, adding mixed mode ventilation can
save up to 12% on operational carbon emissions.

People

A subjective scoring system was employed to assess ‘people’aspects
relating to occupant comfort, noise, air quality and spatial quality and
adaptability. The latter takes into account the increasing demand for
reconfigurable office sub-divisions, connections between floors and
alternative systems to support a more collaborative work environment.

Although a concrete fagade system performed better for reducing
noise pollution from the external environment, it is considerably

more difficult to cut holes in this systemt for connecting localized air
handling systems to the outside. Concrete structure was also the most
successful acoustically; however, if one wants to create an internal stair
or atrium once the building is complete, steel is a better choice.

Localized fan coil systems are perceived as more difficult to maintain
and are more risky in terms of air quality whereas centralised chilled
beam systems offer just as much comfort but are less complex.

Summary

The study challenged some industry default preferences such as long
span steel structures — although there are other factors at work in such
decisions, like time, that were not part of our calculation. The analyses
also highlighted a significant range of outcomes within each of the
categories. In the profit section, for example, there was a 3% difference
between the highest and lowest net areas, a 12% best-worst spread in
capital costs and 3% in whole life costs which themselves tend to be
about three times greater than capital costs. From the perspective of
‘planet’ the best solution was 34% more efficient in embodied carbon.
And while operational carbon might exceed embodied carbon by a
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Figure 7. The Public Realm and Urban Context (Source: Jason Hawkes et al.)
E7. w4 G FIE (HE: Jason Hawkes et al.)

factor of around six, as buildings become more operationally efficient
the carbon impact of construction will become more significant.

The overriding finding was that, no matter what the question, the
profit, people and planet answers tended to be contrary.

Beyond that initial realization, discussion and debate brought possible
broader implications, raising such questions as:

« |sinvestment directed towards the right outcomes?

 Should sustainability be sought through architecture rather
than expensive technology?

How will buildings that have been through this type of
appraisal look?

 Could such an approach make the city more competitive?
« How can this evaluation process help to set the right brief?
« How can sustainability and effectiveness be linked to value?

While the study concentrated on the evaluation of a building, the
importance of the wider public realm, and the implications for the
competitiveness and attractiveness of a city as a whole should not be
underestimated (see Figure 7).

London is not the only city evaluating the broader impact of
investment in energy, carbon and cost. Earlier this year news arrived
from the ‘Big Apple’that in some quarters questions are being

asked about its sky-high costs. For example, a slightly dubious but
nonetheless powerful comparison was made that the retrofit of the
Empire State Building cost more than a third of the money spent on
building the world’s tallest skyscraper, Burj Khalifa in Dubai (Lentz,
2011).’Apples versus Oranges’ maybe, but these are the sort of
pertinent questions that helped to kick-start the study in London, and
resurfaced during its dissemination.

Hope Cohen of the Center for Urban innovation is quoted as saying of
New York: “When will we reach the threshold that people will choose
to not build here and build somewhere else instead?” (Lentz 2011). This
goes directly to the matter of a city’s competitiveness, both nationally
and internationally, and is just as topical in New York as in London,
Shanghai and elsewhere.

A recent collaborative effort with Aedas’ Shanghai office showed that
while the baseline typology for tall office buildings is similar there are
important differences between cost, whole-life cost and attitude-to-
resource consumption and occupier comfort between the Far East, the
UK and North America.
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Recently, the chairman of one of the UK’s largest and most prominent
property companies, British Land, commented that the City of London
needs to be more competitive — but also that a new form of building
is required to enable it to get to that position: a much more adaptable
model. His tenants are demanding ‘inter-connectedness'and want to
be able to reconfigure their space, vertically as well as horizontally, as
their business changes (Grigg, C. 2012).

The Future Office Study internationally did not produce an answer.
Rather, it provides a framework for assessments which can be valued
and weighted according to specific needs. For example, who is to
say that a 60 year lifespan is appropriate — especially given that a
rudimentary assessment of commercial buildings in London could
show an average lifespan of 25-35 years.

Increasingly there is a sense of awareness by occupiers of the
potential of an office building to improve their business performance.
A shift in focus is underway from traditional means of assessing a
building to something more holistic. More studies are also emerging
demonstrating a link between high energy consumption and reduced
comfort. Buildings that are well operated tend to have more satisfied
occupiers as a recent British Land paper indicates (Grigg, C 2012). As
more tenants and landlords begin to target lower energy use for both
productivity and corporate social responsibility reasons, investors

are keen to focus on measures that demonstrate direct performance
improvements — in general, less ‘bolt-on techno-bling’and better
consideration of occupier needs. There is also a growing consideration
of the global marketplace in which our cities compete, a battleground
that features costs, sustainability and effectiveness as measure of
success.

In this cross-continental ‘battle; cities use tall building icons to enhance
their skyline and promote their emergence on the world stage.

There will be a place for icons, in both developing and established
environments their value — while difficult to quantify — extends beyond
the confines of the project. Equally, it may be argued that the definition
of ‘iconic’ requires widening, to encompass innovation in functionality,
sustainability, usability and some other wealthy and valuable criteria.
Buildings are increasingly perceived as an ecosystem of space, fabric,
services, equipment and occupiers where the interaction between
these and its context creates a building’s true character.

The Future Office Study is not an exercise in creating an optimum
future form for a commercial tower, rather a transparent tool that
enables all interested parties to understand the full range of impacts
of early design decisions. In that sense, maybe it does represent a
blueprint for the future, one in which successful tall buildings are
sustainable, efficient and effective products (designed for the right life-
span) addressing value beyond the short-term, and optimized through
genuine and honest collaboration.
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