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The Payoff for Investing in the Human Experience

B P AT e B HE AR

Benedict Tranel & Xiaomei Lee (ZB#), Gensler

In this chapter, Shanghai Tower is introduced along side The Tower at PNC Plaza, to posit that economic propositions for double-facade design
solutions must go beyond energy considerations and incorporate the value of human experience. The design performance of glass double skin
facades has been well-researched, yet there is a lively debate among practitioners and academics about their actual benefits. Many projects
claim to achieve high levels of energy efficiency through the use of double facade technology. The counter-argument highlights instances
where actual performance did not achieve what was anticipated in the design, and asserts that any operational energy savings are offset by
the increased embodied energy of double facades over single fagades. This presentation will use case study comparisons to evaluate the role

user experience can play in the “return on investment,’ (ROI) of double fagade design.
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Introduction

Shanghai Tower and The Tower at PNC Plaza share an aspiration to set new benchmarks in
sustainable design, and both use a unique double-facade approach as a key strategy to achieve
that goal (see Figure 3.27, 3.28). Building fagades are a key driver of building energy performance
as they mediate the outdoor elements to provide a comfortable interior.! While facades are
typically designed as a thin layer separating man from nature, double facade design offers
unique opportunities to improve building energy efficiency and to provide users with a sense
of control over their environment. This is achieved by affording the opportunity to engage with
the building by literally opening a window and because double fagades with large enough
cavities provide a spatial experience of the boundary that separates man from nature.

Vertical Cities as Urban Habitat: The Future of Dense Urban Areas

Often tall buildings are looked upon as iconic landmarks, a view that encourages an external
view only, which tends to privilege form-making and facade treatment over the user experience
from the inside. As cities increase in density and buildings become taller, the urban habitat must
be a built environment that provides experiences that transcend merely being sustainable and
livable, to become enjoyable and even exhilarating. Tall buildings that are stacked layer upon
layer of floors, with little consideration of the experiential qualities beyond the view out from a
high vantage point, do not provide users with an experience that sustains them. Two statistics
make the case for the imperative for sustainable high-rise building in dense urban cores: there
will be a 69% increase in urban population by 2050, and 67% of all people, or roughly 6.2 billion
of the earth’s projected population of 9.5 billion people, will live in cities in 2050.2 Shanghai
Tower and the Tower at PNC Plaza are examples of how high-rise design can incorporate
double-facades to address this challenge. Both provide a counterpoint to the typical high-

rise design, by providing vertically integrated spaces within the layer of the double facade.

This provides users with a greater sense of connection to the outdoors and nature, as well as
providing a spatial three-dimensional experience of the tower,
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1.The calculation of building loads is a complex analysis that
varies by building type and use. As stated in ASHRAE, “Heat flow
through the building envelope is mainly associated with the
energy performance of buildings. However, other aspects are
equally important. Interior surface temperature serves not only as
an indicator for hygienic conditions in the building (e.g. conditions
preventing surface condensation or mold growth), it can also be

a major factor for thermal comfort” American Society of Heating,
Refrigeration, and Air-Conditioning Engineers (2009), ASHRAE
Handbook—Fundamentals, Atlanta: ASHRAE, pp. 25

17 B (ASHRAE Ft-E k) T4 2 AASHRAE, #2571, *[E
W% i = B TR F 4 (2009) .

2. United Nations, Department of Economic and Social Affairs,
Population Division (2011), “World Urbanization Prospects, the
2011 Revision Highlights! New York: United Nations, pp. 70.
Available: http://esa.un.org/unup/pdf/WUP2011_Highlights.pdf
[June 1,2014].
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Figure 3.27. The Tower at PNC Plaza (Source: Gensler)
E3.27.PNCT 7% 4 (3R IR: Gensler)

The Case for ROl Measured in Terms of
User Experience

The usual measurement for return on
investment, or RO, is calculated by the
formula:

Return on Investment (%) = (gain from
investment — cost of investment) / cost of
investment *

In the case of evaluating alternative proposals
for building projects, the typical inputs for this
calculation are operating expenses and capital
expenses. In Double Skin Facades, Oesterle,
Lieb, Lutz, and Heusler make the case that this
relatively simple formula can be expanded

to include as many variables as appropriate,
including, for instance, an evaluation of
interest and amortization based on the timing
of when costs are accrued. The authors further
elaborate that specific to double facades, the
cost-benefit trade-offs of the whole building,
and not just individual systems, must be

taken into account, where for example a

more expensive facade can provide reduced
costs of air conditioning and lighting.* This
approach for calculating ROl is logical because
it takes advantage of readily quantifiable

and available information. And it is useful for
choosing among alternatives to maximize the

Figure 3.28. Shanghai Tower (Source: Gensler)
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3. Investopedia, “Return on Investment” Available: http://www.investopedia.com/terms/r/returnoninvestment.asp [June 1,2014].
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4. Huesler, W, Lieb, R.D., Martin, L., and Oesterle, E. (2001), Double-Skin Fagades: Integrated Planning. New York and London: Prestel Verlag.
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Figure 3.29. Daylight evaluation for The Tower at PNC Plaza (Source: Gensler)
[E3.29. PNC/™ 3735 4 8 4 K 4T (3R JB: Gensler)

value of an asset. But in doing so, this approach tends to overlook values that are more difficult
to measure in economic costs, values that have a direct impact on maximizing lease rates and
maximizing occupancy rates. And it overlooks one of the most fundamental drivers of any
building project, and the most significant investment most companies make: human capital.

Expanding the ROl equation to factor in human capital, then, significantly changes the result.
Research conducted by the University of San Diego Burnham-Moores Center for Real Estate and
CBRE indicates that sustainably designed buildings reduce sick time by 2-5 days annually and
increase productivity by 4.8%.° In the case of a Delos® Well™ certified office, the ROl is projected
at 360% over 3 years, with a 13% increase in employee productivity and a $4-8k benefit per
employee per year®

Design Process: Reinventing the Chassis of a High-Rise at PNC Tower

The process of designing the Tower at PNC Plaza opened new lines of inquiry into the debate
around the efficacy of double facade design. The aspiration for the project, established at the
outset, is to be “the world's greenest high-rise”” The immediate question this aspiration begs is
what does that mean, and how is it measured? The answer the team developed, that to be the
world’s greenest high-rise entails a balance of energy responsiveness, workplace innovation, and
community enhancement, provided criteria that guided decision making for the project (see
Figure 3.29). These criteria were reflected in the words of PNC Chairman and then-CEO, James
Rohr, who said, “The Tower at PNC Plaza is an exclamation point on our investment in downtown
Pittsburgh, and it reflects our commitment to community, competitiveness and innovation, as
well as to the comfort and productivity of our employees”What these criteria also afforded was
the opportunity to redefine the terms of the debate about the performance of double fagades.

The notion of the high performance building was thus conceived not as a tradeoff between
user experience versus comfort to gain efficiency, but rather as a platform to enhance user
experience, improve the community, and achieve efficiency. User experience and behavior
inform the building design and the increasing integration of technology into the architecture of
the built environment.

Design Process: Reinventing the Chassis of a High-Rise at Shanghai Tower

The process of the design for Shanghai Tower illustrates a potential for double facades beyond
concerns with energy performance alone. The design aspiration for Shanghai Tower was to
build an icon of modern China that would be a landmark on the Shanghai skyline.This tower is
symbolic of a nation whose future is filled with limitless opportunities,” said Mr. Qingwei Kong,
President of the Shanghai Tower Construction & Development Co,, Ltd. The desire for a unique,
expressive form that would fulfill that mandate had to overcome the relentless inertia of gravity
and extreme wind loads caused by typhoons. The twisting, tapering form of the building,
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5. Miller, N. and Pogue, D. (2009), “Do Green Buildings Make Dollars
and Sense?” San Diego: University of San Diego and Los Angeles:
CBRE. Available: http://catcher.sandiego.edu/items/business/Do_
Green_Buildings_Make_Dollars_and_Sense_draft_Nov_6_2009.
pdf June 1,2014].

SHEE (REEANERSRE#R?) , Miler, N. X Pogue, D¥.
(2009), %3ty T #F K649l A ¥ CBREM, ¥ B F 3 L,

6. Workplace Evolutionaries (2014),"WELL-Certified Workplaces
Houston: International Facilities Management Association.
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wellness-jan-2014.pdf?sfvrsn=0 [June 1,2014]
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defined by the outer facade, reduces wind loads by 24%, with a corresponding 32% reduction in
structural material.

In the case of Shanghai Tower, the design of the double facade was synthesized with the initial
conception of the tower as a vertical city comprised by a series of stacked zones. This creates a
spatial experience of the double facade that is unique, with a vertical layer of space separating
the inside and the outside. In addition, the double facade made it possible to create a unique
and iconic form on the outside, while maintaining a rational, efficient, and repetitive floor

plan on the inside. The undulating layer of space between the facades defines the dynamic
experience (see Figure 3.30).

Shanghai Tower is organized as nine cylindrical buildings stacked one atop another. The inner
layer of the double-skin facade encloses the stacked buildings, while a triangular exterior

layer creates the second skin, or building envelope, which gently rotates as it rises. The spaces
between the two facade layers create nine atrium sky gardens. Much like plazas and civic squares
in traditional cities, the sky atria offer spaces within Shanghai Tower for interaction and community
with restaurants, cafés, coffee shops and convenience stores, as well as lush landscaping.

Design Tools: Simulations and Mockups

Figure 3.30. The vertical zones of Shanghai Tower organize the tower into a vertical city. (Source: Gensler)
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Figure 3.31. Comparison of predictive CFD modeling with mockup results. (Source: BuroHappold)
FE3.31. T M CFDA A% 5 4% A1 48 R iR (3R J&: BuroHappold)

Both projects established working hypotheses that built upon well known principles of air
movement induced by thermal stack effect to achieve energy savings, and in the case of
The Tower at PNC Plaza, natural ventilation. To test these hypotheses, a rigorous regimen of
simulations and mockups was put in place with the goal of cross-referencing mockups and
simulations for accuracy and predictability of performance.

The Tower at PNC Plaza

Examples of comparative data from simulations and mockups illustrate how the project goals
will be achieved, how design options were evaluated, and how variations can affect the building
system and user comfort. For example, while it is possible to simulate design performance with
CFD analysis, a physical mockup of certain pieces of the building provides valuable data that
can inform the design of the building. To fully vet the design of the Tower at PNC Plaza, multiple
simulations of the building and its detailed components were produced. Mockups were built

in conjunction with these simulations in order to further inform the design. The comparison of
the output provides helpful insights into the tools used for evaluation, the design process itself,
and the functionality of the building. As an example of this reiterative process, wind tunnel test
result data was loaded back into the whole building CFD model to evaluate the effects of wind
patterns on the ability of the building to naturally ventilate. As new data is received from the
continuous monitoring of the mockups, it is checked against the simulation for verification and
if necessary the simulation model and/or the mockup are adjusted and the process is repeated.
This effort seeks to improve the accuracy and predictability of the design result (see Figure 3.31).

Shanghai Tower

Extensive use was made of mockups and simulation to vet the design and its performance. In
addition to whole building energy modeling, detailed CFD models of more discreet aspects of
the project, such as an atrium of a 14-story zone, were completed to test and validate how air
flow would work (see Figure 3.32). The principle of thermal stack effect was employed to induce
hot air to rise to the top of the atrium, thereby creating a cooler area at the bottom of the atrium
that would be comfortable where users occupy the space, without wasting energy trying to
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condition the entire height of the atrium.
Because Shanghai Tower does not include
natural ventilation, in contrast to the Tower
at PNC Plaza, the intricacies of air movement
were simpler to evaluate. Natural ventilation
must meet a minimum number of air changes
per hour but must also not exceed a certain
air velocity that would be experienced as
uncomfortable. Hitting that narrow window
is harder than predicting thermal stack effect,
so mockups of the thermal stack effect at
Shanghai Tower were not required, as CFD
modeling is able to reasonably accurately
predict how that air movement will work.

Design Results

The double facade at The Tower at PNC Plaza
operates in three modes: 1) passive natural
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Figure 3.32. CFD analysis of the atrium between the facades at Shanghai Tower. (Source: Cosentini)
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Figure 3.33. Modes of operation for the double facade at The Tower at PNC Plaza. (Source: Gensler)
333, PNC/™ 34 W2 4 o T 45 fEAE X (3R 78 Gensler)

ventilation, 2) cooling, and 3) heating. In the passive natural ventilation mode both the inner
and outer layers of the fagade are open, allowing fresh air to flow into the building. The user
may also open a door on the inner fagade, augmenting the flow of fresh air from outside. In the
cooling mode, the outer facade is open while the inner facade remains closed, thus shedding
heat in the cavity back to the exterior. The sunshades in the interstitial space adjust throughout
the day and season to prevent direct solar penetration, thereby eliminating solar heat gain into
the interior space and dramatically lowering the cooling load of the building. In the heating
mode both layers of the facade remain closed, trapping the air in the cavity to create an
additional layer of warm insulated air around the building. As the cavity temperature is naturally
warmed by the sun, the delta temperature between the cavity and the interior space is reduced,
in some cases completely, which directly reduces the heating load of the interior space of the
building (see Figure 3.33).

In numerous double fagade precedents that were evaluated, the double facade acts as a return
air path, an exhaust air path, and/or as an insulating buffer (see Figure 3.34). In those precedents
that are user accessible, access tends to be limited to a few discreet locations and the user does
not gain an appreciation for how the facade operates based on their interaction with it through
access. The goal of The Tower at PNC Plaza, therefore, was to bring the user experience to the
forefront by allowing the user to access to the fagade throughout the space, and by doing so

in a way that user engagement will augment how the building is already operating. Thus when
the building is in natural ventilation mode, a user can open the door of the inner facade and feel
fresh air moving from outdoors into the space. When the building is in heating mode, a user can
step out into the cavity and feel a temperature differential to the interior space, either warmer or
cooler, that provides the effect of going outside for a breath of fresh air. While the double fagcade
provides the most significant energy savings of any single system on the project, the amenity
and experience it provides to building occupants, and their subsequent enjoyment of the
workspace overall, is where the true ROI of the project is born out (see Figure 3.35).

In the case of Shanghai Tower, the outdoor air quality precluded the use of natural ventilation in
the double fagade, so the user experience focused on the spatial aspects of occupying a layer
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Figure 3.34. In numerous double facade precedents that were evaluated, the double facade acts as a return air path, an exhaust air path, and/or as an insulating buffer.

(Source: Gensler)

E334 A Z R S A AT ERRNBEALEH T+, EALEEAERSE L, HRBLEP/RFAZFF . (RIF: Gensler)

of space that buffers indoor office space

from the true outdoors. This layer of space is
accessed on the amenity floors at each zone
of the tower. The double facade at Shanghai
Tower operates in two modes: summertime
cooling and wintertime heating. In summer
months, the atrium cavity of the double
facade captures heat before it penetrates the
interior environment, and sheds this heat back
to the exterior. In winter months, this heat is
recaptured and used to heat the interior of the
floor plates. These two modes of operation
provide significant energy savings to the
building while also allowing for the use of an
entirely glass facade which in turn provides
daylight to the interior, reducing reliance on
electric lighting and further saving energy (see
Figure 3.36).

While these energy savings are significant
and help to pay for the added first cost of the
double facade, like The Tower at PNC Plaza,
the real ROI for Shanghai Tower is borne out
by the unique spatial experience created by
the double fagcade. The amenity floor where
the double facade is experienced is also the
transfer floor between express elevators that
serve the whole building and local elevators
serving the 14 stories within a particular
zone. The amenity levels are programmed

Figure 3.35.The user enjoyment of the double facade amenity at The Tower at PNC Plaza is central to its design.
(Source: Gensler)
[E13.35. PNC/™ 3 W 2 1o & 4 R B R P 2% it 8. (R IE: Gensler)
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with functions that users access daily, such as small shops for coffee or lunch, as well as casual
gathering areas around landscaping that give the sense of stepping outdoors without actually
having to traverse the entire height of the building. Beneath the amenity floors are the required
fire refuge areas, mechanical areas, and structural outrigger and belt trusses. Thus, the double
facade at Shanghai Tower integrates and synthesizes energy benefits, vertical transportation,
fire and life safety requirements, mechanical planning, and structural design, all while providing
users with additional amenities and an experience that is unique in the world of high-rise
buildings (see Figure 3.37).

Material Selections

Material selection is an integral part of both performance and supporting the qualitative aspects
of user experience. The use of highly transparent glass over an entire facade would not normally
be possible for large scale projects with increasingly stringent energy code requirements

and in the case of these two projects would seem to compete directly with the sustainability
aspirations. Yet the benefits of providing users with access to daylight and views, and reducing
energy demand by using daylight to offset electric lighting, all give ample support to the desire
to use large expanses of glass. In the case of The Tower at PNC Plaza, another material example
is the use of a wood curtain wall that offsets embodied carbon content, while supporting the

Figure 3.36. Modes of operation for the double facade at Shanghai Tower. (Source: Cosentini)

V3,36, ki =0 MR 4 1 T 5 fEAE R, (3 I Cosentini)
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Figure 3.37.The user enjoyment of the double fagade space at Shanghai Tower is central to its design. (Source: Gensler)
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community with locally sourced materials and providing users with a unique and enhanced
experience.

Quantifying User Experience

User experience is by definition a qualitative metric. It can be challenging, therefore, to identify
suitable quantitative measurements to evaluate the quality of user experience. Nevertheless,

in studies that have been done within controlled environments, such as call centers, there is a
noticeable improvement in performance when users are provided access to daylight and the
ability to control the temperature. In a study published in Fast Company, May 2011, a range of
1-11% increase in productivity was reported where occupants were given access to natural
ventilation.”” A Cornell University study measured a 150% increase in typing output along with
a 44% reduction of errors when office temperature was allowed to fluctuate from 68°F up to
77°FE"" Companies too are recognizing the value of health and wellness programs for employee
retention and engagement. In a study by The National Business Group from 2012, 48% of
companies plan to use incentives to get workers involved in wellness in 2013, and there is a 29%
increase in employee satisfaction in a sustainably designed environment.'?

Conclusion

Taken together, Shanghai Tower and The Tower at PNC Plaza posit a unique hypothesis in the
world of double facade design: that in order to fully ascertain the benefits of a proposed double
facade design, any evaluation must take into account more than just energy. Saving energy is
of paramount importance, but alone this goal cannot justify the cost of many double facade
proposals. When factoring in human experience, however, the equation changes, tipping the
balance in favor of facade design that achieves high sustainability aspirations and provides
unique user experiences.
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