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Abstract

This paper explores the methodology behind designing a supertall building where it

concerns system configurations that support sustainable construction; the ways in which the
design interacts with the environment; coordinating within the limits of the manufactured
products available for MEP infrastructure; and responding to regional climatic and building
code requirements. It will provide discourse on some of the top concerns within supertall
building design including system pressures and an electrical design capable of efficiently

and economically distributing power to all parts of the building while exploring why the
architectural space planning, building riser shafts, and MEP design must take into account
these unique challenges. Efficiency comes from the development itself — the environment, the
structural components, the configuration, the organization of building systems, and how they
are envisioned to work with each other. The paper concludes that an integrated design process
is the foundation of an effective, economical, and sustainable supertall building development.
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MEP Infrastructure Of Supertalls

[t's a common misconception that supertall
buildings are not sustainable. Consumed
with the thought of how much energy it
must take to support such a large structure,
people overlook the embedded opportunities
of building vertically. The tendency for tall
buildings to adapt to mixed-use occupancies
and act as catalysts for further community
development concentrates urban planning
into a high-density environment that by

its nature is sustainable. Not only do they
conserve land resources, they also present
opportunities for efficiency through load
shifts that take place between day and night
operational spaces — corporate or retail
spaces versus residential units, for example.

A mixed-use tall building development that
provides and encourages a combined work-
live environment reduces transportation

and infrastructure utilities cost and energy
consumption. Instead of presenting a barrier,
supertall building design, when accomplished
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through the integration of engineering, planning and architecture can
be an avenue for sustainability.

There have been many developments worldwide concerning the
structural technologies and design trends of tall buildings, but

the limitations to how tall is too tall extend to the systems within

the building as well. The mechanical, electrical, plumbing, and fire
protection (MEP/FP) systems of supertall buildings present challenges
for designers as they consider maximum system loads, system
capabilities, system operating pressures, and the overall feasibility of
constructing and efficiently maintaining taller structures.

More than just an addition of height, every supertall building takes the
previously advanced systems of its predecessors to the next level. The
designers work with the manufacturing and construction groups to
advance the capabilities of the system components to make sure the
project remains feasible. One of the greatest challenges of designing
supertall buildings is controlling water system pressure, specifically

in the piping design, due to the increased weight of water column
caused by the extreme vertical heights. Take Jeddah's Kingdom Tower,
which will stand at over 1,000 meters tall when completed and will
contain more than 400kms of building services piping. As the vertical
piping extends higher and higher, dangerous levels of pressure can

be exerted on the vertical piping and associated equipment and
fittings by the weight of the water column and pumping forces — the
Kingdom Tower height represents water column pressures in excess of
100 bars or 1,450 psi.

MEP systems designers can only work within the limits of the
infrastructure components available in the market. The current MEP
systems design approach for supertall buildings must consider smaller
vertical zones to manage the imposed system pressures and efficiently
adapt to occupancy requirements. Vertical zoning enables designers
to design according to the limitations of the available equipment. By
creating smaller vertical zones in buildings such as Kingdom Tower, the
pressure can be distributed and isolated.

Zoning supports another sustainable practice for supertall
construction: the standardization of building systems and their
components and a repetitive design to facilitate a lean construction
process. The benefits of standardization correlate to those of
economies of scale, for when units can be produced on a large scale,
production costs are more likely to decrease and less excess material
is wasted. This sustainability practice is also exercised in the extension of
the medium-voltage primary distribution to as close as possible to the
load center. On the other hand, choosing to use variations of air handler
units, heat exchangers, pumps, pipes, switchboards, electrical panels,
and horizontal system distribution on each floor, for example, not only
increases the production and installation costs, it increases the risk of
creating future troubleshooting confusion for the building engineers.

Supertall structures lend themselves to standardization and zoning
through their natural mixed-use organizations. The different
occupancies of these structures — office, retail, and hotel and
residences — work with isolated systems and naturally designate zones
within the building’s structure. In terms of MEP infrastructure, it works
well to think of a supertall as a vertical city, or a collection of 20- to
40-story buildings stacked on top of one another (Figure 2). Due to
this zoned approach of accommodating various occupancy levels
supplied through a centralized primary source of cooling, the overall
primary cooling capacity and total energy demand can be reduced
by as much as 25%.

Figure 1. Kingdom Tower (Source: AS+GG)
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Figure 2. Vertical Zones (Source: ESD)
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At some future date, new technologies will need to be developed
to support the construction of the next supertall because the water
pressures will be too great. This is particularly relevant for products
designed for residential units which are not designed to withstand
significant amounts of water column pressure.

Configuration and Organization

Aesthetic design is generally a primary requirement for a successful
supertall building. These structures are highly visible and statements
to be admired in their city skylines. The rising perception on these tall
buildings, however, is that the best aesthetic designs work alongside
elements of nature — the sun and wind, for example - to produce
sustainable solutions. Integrating sustainable design solutions into an
aesthetically appealing development can be challenging and requires
early project integration of all team members, including the MEP/FP
design consultant. MEP system integration and building configuration
are necessary during the planning and design stages of a project as
the development, configuration, and organization of the building each
influence the building loads and the overall efficiency of the building.

The shape of the building has a lot to do with reducing its
environmental impact. Super high-rises, due to their high surface to
volume ratio, interact significantly with the outside environment, in
particular solar energy and temperature. Orientation and configuration
should be decided together - for neither can be truly optimized
without the other — and early on in the design process, taking into
consideration the geographical environment of the building and

the existing infrastructure of the building area. In the Middle East, for
example, designers avoid large east and west facing fagades because
of the low and harsh morning and afternoon sunlight. Kingdom
Tower is oriented so the facades align instead from the northeast and
northwest, reducing the overall solar load. The orientation was also
influenced by the culture of the building’s environment as one of the
tower's wings points toward Mecca. Close collaboration between the
architects and MEP designers can also enhance high-performance
aspects of the building facade, from wall design to glass performance
to wind and airflow effects around the building.

At higher altitudes the outdoor environment temperature is cooler
and less humid when compared to sea level. Due to moisture content
of outdoor air, the variation of outdoor temperature due to altitude

is slightly different for arctic versus desert or tropical zones. Supertall
developments offer energy reduction opportunities for HVAC
systems associated with air conditioning zones located in higher
elevations (Figure 4). For Kingdom Tower, the fresh air cooling energy
requirement is 40% lower for the topmost air conditioning zone

than the zone at grade level. Similarly, the heat gain from outdoor
environment temperature is 30% lower for the topmost spaces as
compared to spaces at lowest portion of tower.

Stack Effect

The quantity of uncontrolled ventilation in a building is influenced by
indoor-outdoor temperature difference, wind velocity, wind direction,
height of the building, and building design. A major contributor is the
phenomenon known as stack effect. Stack effect is driven by thermal
buoyancy, when the less dense air inside buildings rises to escape from
the upper portion of the building. In warmer climates, the process is
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Figure 3. Solar Orientation (Source: ESD)
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reversed. Uncontrolled ventilation air flow in high-rise buildings has the
potential to significantly increase building energy use and adversely
impact the mechanical system operations. Therefore, the configuration,
orientation, and space planning of the building must take all of this
into account to optimize its effect.

For Kingdom Tower, vertical zoning of the air systems and building
risers, introduction of air locks at the main lobbies and sky lobbies, as
well as maintaining a minimum of two air separation barriers between
the building shafts and the exterior on typical floors provided a design
approach with the highest degree of air infiltration control.

Vertical zoning and effective infiltration control also helps mitigate

the properties of stack effect by reducing the pressure differential and
controlling the movement of air throughout the building. It is common
for tall buildings to use the unoccupied, structural cross-bracing or
reinforcing floors to house the main MEP systems servicing the vertical
zones of the building. This is another example of the need for early
integration of MEP, structural, and architectural design. The mechanical
rooms of the top mechanical zones in Kingdom Tower will align plenum
intakes to take full advantage of wind speeds, thus reducing the energy
consumption of the mechanical equipment. Similarly, exhausted air will
be focused downstream to assist in the removal of unwanted air.

Kingdom Tower’s distinctive spire, while unoccupied, needs to

be maintained and ventilated as well. It is designed to utilize its
microenvironment — consisting of increased wind speeds, lower
outside air temperatures, and reduced air density — to passively cool
itself and maintain structurally required rate of temperature rise. The

air is brought in at the base of the spire just above the sky raft (at
approximately +680m elevation) and ventilated out the top portion

of the spire at approximately +980m elevation. The system includes

air control dampers to limit daily temperature variation (range) to
below 10 C (180F). Taking advantage of solar heat gain and day-time/
night-time temperature variation, the slopped vertical walls of the spire
facilitate and expedite vertical air buoyancy movement on the building
surface, and therefore improve the cooling effect on the exterior wall
and ultimately the interior spire volume (Figure 5).

Figure 5. Spire Solar Heat Flux and Wind Flow (Source: ESD)
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A Closer Look at Kingdom Tower

Along with the optimized and controlled stack effect, Kingdom Tower's
air-side economizer system will cool the building using outside air,
producing an effective and free cooling opportunity during cool
climatic conditions. The energy recovery fresh air systems will recover
the coolness from the used air and reuse it to cool the new air being
ventilated through the space. The air conditioning condensate
recovery system will remove and collect up to 65,000 liters of water
from the air's natural humidity for irrigation and other purposes
within the building.

One of the most common mistakes in supertall building design is the
assumption that all life-safety loads need to be running simultaneously
on the emergency / standby generator plant instead of just
considering what's necessary for the worst-case scenario. The electrical
system sizing for mixed-use occupancies can include diversities that
provide for most economical installation tailored specially to the needs
of the building operation.

The same mistakes can be made concerning the water system.
Kingdom Tower will utilize a gravity distributed domestic water and fire
protection system, made possible due to the residential component’s
non-constant use of water. This system increases efficiencies by using
gravitational forces rather than constantly running pumps to distribute
the water from storage tanks in the higher levels of the building.

Water storage tanks located strategically in upper level mechanical
spaces reduce pumping system energy requirements for both normal
occupancy as well as emergency fire-fighting operations.

Kingdom Tower incorporated enhancements in the design of its fire
protection system compared to previous supertall buildings. Beyond
the manually operated gravity feed, the systems include redundant
sprinkler supply via a looped floor system fed from two risers and
provisions for combined standby fire pumps.

Generally, fire and life-safety codes do not cover all provisions for

the construction of a supertall. Stretching buildings to new heights
previously unimagined means there are no codes anywhere in the
world that describe exact applications for these buildings. For this
reason, one responsibility of the design team is to work with local
authorities — building authorities, utility companies, and fire brigades —
to create a better understanding of how the building systems need to
work and how the latest international code models can be taken to the
next level and made applicable to new projects. The resulting designs
incorporate best international codes and standards practices and
anticipate subsequent local code changes.

Kingdom Tower will also incorporate the latest technology of vertical
transportation which uses both single-deck and double-deck elevators
to shuttle occupants and visitors to the designated sky lobbies

for efficient transportation throughout the building’s many floors.
These sky lobbies will contain separate elevator banks to distribute
transportation, again localizing the building systems and aligning

with the vertical city concept. The express elevator shuttles between
the main lobby and the sky lobbies and local zoned elevators can be
compared to public transportation efficiencies in major city hubs and
local neighborhoods. Shuttle elevators are also utilized as life boats for
rapid evacuation of occupants in an emergency event.
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Figure 6. Building Systems Configuration (Source: ESD)
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Conclusion

The successful development of a supertall starts with the early
coordination and collaboration of all disciplines in the design phase.
There are a multitude of considerations that can contribute to the
building’s sustainability and efficiency, and the ability of the structure’s
shape, orientation, and configuration to work with its MEP systems can
optimize the effects of influencers such as stack effect. Standardization
of MEP system components allows for cost effective procurement

and efficient and consistent quality construction. Variation of outdoor
environmental design conditions due to altitude provides a significant
opportunity for energy efficiency and operational cost savings. Zoning
the building with dedicated systems for each occupancy allows for
this optimization and calls for the integrating of disciplines throughout
design. The systems need to work together to support load centers
and provide reliability as well as be integrated with the architecture
and space plan to support occupancy and life safety concerns.
Sustainable design cannot occur in a vacuum. It is an integrated
process through and through.

Figure 7. Typical Mechanical Level (Source: ESD)
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