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Abstract

All truly great outcomes are the result of collaboration. In a buildings life cycle, collaboration
between designers, owners, builders and users can result in improved long-term performance. Tall
building energy-use is heavily weighted on the tenants that occupy them in addition to the “base”
building’s performance. This paper will explore the roles of developers and tenants and how
partnerships between them will significantly reduce resource consumption over the buildingss life.

The 326-meter-tall, 61-story, Transbay Tower in San Francisco, California will be the primary case
study with analysis, research and life cycle cost models developed during design. The Transbay
Tower is being developed in partnership by Boston Properties and Hines and will be the
centerpiece of the Transbay development in San Francisco and is located adjacent to the multi-
model Transbay Transit Center described as the “Grand Central Station of the West". The tower is
pursuing LEED Platinum Certification by the USGBC.

Keywords: Transbay Tower, Sustainability, Transit Center, UFAD, Urbanism, Co-Generation
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The Transbay Tower, now officially named

The Salesforce Tower, was conceived as the
centerpiece of a bold urban development plan
to create a transit-oriented neighborhood in
downtown San Francisco. The 61-story building
is this paper’s primary case study, with emphasis
on the analysis, research and life-cycle cost
models developed during design. Developed

in partnership between Boston Properties and
Hines, the 1,070-foot-tall tower will be the tallest
building in San Francisco upon its completion in
2017.Itis seeking LEED Platinum certification.

Many separate facets of sustainability have
been considered and intertwined from the
beginning of the Tower's design in order to
create a truly unique sustainable workplace.
While many buildings achieve laudable

and commendable sustainability results
through design alone, the Transbay Tower
team ventured steps further to integrate
high-performance, cutting-edge design
with neighborhood planning and transit
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orientation; integrated architectural, structural and MEP design; and
tenant and owner coordination to optimize building performance.

A New Transit Hub

The key to the new Transit District is a much-needed multi-modal
transit hub, The Transbay Transit Center, which sits adjacent to the
Tower. The Transbay Transit Center will allow people to conveniently
commute into the heart of San Francisco via multiple bus and rail lines
and future high-speed rail from Los Angeles. Designed as an amenity-
filled “Grand Central Terminal of the West,"the Center will unify 11
disjointed transit systems in a modern, daylit, open and inviting space.
The Transbay Transit Center is at the heart of the revitalization of the
neighborhood and the viability of the Transbay Tower, as well as other
planned development in the area (see Figure 1).

In addition to those transit systems which will feed directly into the
Transit Center, the Bay Area Rapid Transit (BART) light rail lines, which
bring commuters into the city from five surrounding counties, have
stations located within one block of the Transbay Tower. The transit-
friendly location, combined with cyclist-friendly amenities in the
building itself, allow the tower to promote convenient low-carbon
transportation for the new influx of office workers. Additionally, nearly
4,400 new residential units located in new buildings surround the
tower’s site as part of the comprehensive San Francisco Transit District
Plan, with the Transbay Transit Center and Tower at its core for the
creation of a dense, walkable environment.

While there are advantages in terms of sustainability, these types of
new, high-density, mixed-use urban developments are not inviting

or livable in the long term if they fail to blend nature into their
development plans. In this case, the synergy of the built environment
with the outside surroundings is achieved via the tower’s grand plaza,
home to 24 native Sequoia trees and a 5.4-acre park that sits atop the
transit center’s roof and is accessible from the fifth level of the tower.
The park provides urban refuge for the public and is fully self-sufficient
in terms of both water and energy. Further, it acts as a hub for people to
meet and connect with one another and provides a sanctuary for people
and a habitat for local botanical and wildlife species (see Figure 2).

Water and Energy Efficient Systems

While most tall buildings are constrained in land, skin area and roof
space, that does not mean the design and engineering cannot offset
the dense load of occupants stacked in height. The Transbay Tower sets
an exemplary model in using density to its advantage in terms of water
use and energy efficiency.

During design, projected water use in the tower was studied closely.
Engineering strategies employed include model potable water use
reduction incorporated into the tower design. Rainwater is captured
from the roof, the facade and adjacent plaza; grey water is captured
from lavatory sinks, showers and HVAC condensate drains and treated
for reuse for landscaping and flushing toilets. The toilets are dual-
flush, urinals are pint-flush and all sinks are low-flow. The combined
strategies reduced the annual water use of the building by nearly 45
percent or 4,000,000 gallons of water. What's more, with water-related
energy use in California consuming approximately 20 percent of the
state’s electricity, and 30 percent of the state’s non-power plant natural
gas, saving water allows the building another avenue to save energy.
(Managing an Uncertain Future 2008)

Figure 1. Transbay Transit Center and Tower Arial View. (Source: Pelli Clarke Pelli)
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Figure 2. Transbay Transit Center Park. (Source: Pelli Clarke Pelli)
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The approach to creating a high-performing, energy-efficient tall tower
must focus on the design of the architectural and structural systems
before turning to the MEP systems, as optimizing the design reduces
the reliance on the MEP systems. To that end, the Tower’s envelope
minimizes solar heat gain through the use of high-performing glass,
deep horizontal sunshades and vertical mullions that also create a
unique tapestry and add depth to the glassy fagade. The 14-foot,
9-inch, typical floor-to-floor heights and minimum 10-foot ceilings
allow more daylighting to penetrate deeper into the office floors.

In addition to high performing architectural and structural systems, the
MEP design is able to leverage the San Francisco climate, which is mild
with the majority of daytime temperatures between 50° F and 70° F. As
a result, outside air can typically be used for ventilation and free cooling,
providing a low-energy, high-quality, flexible solution to meet the
requirements for increased office environment standards (see Figure 3).

Unique Underfloor Air Distribution System

An underfloor air distribution (UFAD) system is the silver bullet in
terms of energy efficiency for the Transbay Tower. UFAD systems have
several sustainable advantages over traditional overhead systems,
including improved thermal comfort stemming from individual
occupant control, improved ventilation effectiveness and indoor air
quality, quieter air distribution, increased flexibility to accommodate
tenant churn, significantly fewer hot and cold calls, and reduced
energy use (see Figure 4).

The UFAD system increases the number of available hours of free
cooling by delivering outside air at a lower temperature at the floor
level and mixing it quickly with the warmer occupied space air.
Architectural coordination of large outside air ducts can be challenging
particularly in tall towers where shaft space is at a premium. In this
case, the architects cleverly integrated the outside air and relief louvers
into the facade between horizontal louvers at each floor. The bands

of the louvers are disguised and the texture creates an interesting
facade. The horizontal outside air ducts are coordinated with the floor
structure and the core shear walls, and extended into the two air
handling rooms on each floor.

The air-handling units are custom “Tri-Path” units, proprietary to Hines,
and have the advantage of providing a 100 percent air economizer and
simultaneous heat recovery. The units are designed and arranged to
serve both the perimeter and interior zones from a single air handling
unit without the installation of mechanical equipment above the
tenant ceiling or below the raised access floor (see Figure 5).

Each tri-path unit is constructed with three separate air tunnels, or
"paths,"with the top and middle air paths working together to serve
the tower’s perimeter zones. The bottom down-flow air path serves
the UFAD interior zones by combining cooling air transferred from the
middle air path with return air to achieve the desired underfloor supply
air temperature. The heat from lights, bodies, and computers, etc. in the
return air is used for heat recovery to warm the perimeter, where heat
is lost through the glass facades. The UFAD system saves approximately
75% in fan energy compared to an ASHRAE 90.1 baseline VAV system.
The floor-by-floor system, as opposed to a central system, allows
tenants to easily measure their own fan energy use, lower their energy
consumption, and save money.
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Figure 3. San Francisco Climate Graph. (Source: WSP)
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Figure 4. Transbay Tower Section. (Source: Pelli Clarke Pelli and Steelblue)
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Indoor Air Quality and Overall Improved Office Environment

Additional benefits of UFAD systems are improved thermal comfort,
ventilation efficiency and indoor air quality. By allowing individual
workers to have some control over their local thermal environment,
individual comfort preferences can be accommodated at their
workspace by adjusting the openings in the swirl diffuser. A higher
degree of ventilation efficiency is provided by greatly increased
quantities of outside air and some improvement in indoor air quality
can be achieved by delivering the fresh supply air near the occupant
at floor or desktop, allowing a floor-to-ceiling air flow pattern to more
efficiently remove contaminants from the occupied zone of the space.
Overall, the UFAD system creates a healthier and more comfortable
environment for the building tenants.

Tri-Generation and Future Energy and Carbon Concerns

Provisions for future-proofing the building for the tenants and owners
were considerations of the WSP design and a future cogeneration or
tri-generation system was planned for the Transbay Tower with the
following objectives:

1. Provide cost-effective approach to deliver energy for tenants.

2. Utilize a directed-biogas-driven cogeneration system that
provides renewable energy to the project in excess of LEED
and Cal Green requirements.

3. Reduce the overall greenhouse gas emissions of the project.

4. Improve the reliability of the electric and chilled water (or
heat) supply to the building.

5. Deliver chilled water to tenants from cogeneration heat with
an absorption chiller. This could potentially reduce the size
and operational costs of the chiller plant.

6. Increase the redundancy of energy sources and services to
the project.

7. Increase the overall long-term value of the Transbay Tower
Building.

A 1,000 kW biogas/natural gas-driven cogeneration system including
four (4) 250 kW reciprocating gas engines has been planned for the
third floor directly above the central plant and adjacent to the life
safety generator. The 1,000 kW plant will produce electricity and
cooling to support the tenant 24-hour loads such as server and IT

Figure 5. Transbay Tower UFAD Tri-Path Unit. (Source: Hines and WayPoint Systems, Inc.)
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Figure 6. Tenant Energy Profile Comparison. (Source: WSP)
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rooms. The annual electrical production is estimated at 38% of the
total building energy. The approach to the cogeneration plant sizing
was to reduce the continuous "base load” of the building and data was
collected to predict the future building load profiles by collecting the
utility data from similar local projects.

Energy modeling typically assumes that building loads drop-off to
close to zero at night; however, as the diagrams show, this is not truly
the case. Office buildings actually require a significant amount of air
conditioning and power for tenant servers that operate around the
clock. Data gathered by engineers at WSP shows that the base load of
office tenants is much higher than previously thought. WSP sized the
future co-gen units to support this 24/7 load (see Figures 6).

By using directed biogas — which is harnessed from agriculture —in lieu
of natural gas, the carbon emissions of the building will be significantly
off-set. In San Francisco, biogas is pumped into utility gas lines in
neighboring Sonoma County and replaces a portion of the natural gas
used for the cogen operation. Biogas is a renewable resource that has a
measurable positive impact on the carbon footprint of tall buildings.

The Roles of the Tenant and Landlord in Sustainable Design

Tall buildings can lead the way in sustainability at high heights. But
sustainability in tall buildings is not possible without the collaboration
between landlord and tenants, as a large part of the building
performance depends on the tenant and what they do in their space.
The tenant-controlled energy use in the Transbay Tower is 60 percent
of the overall use.

How does a building owner continue the sustainable direction when
interfacing with tenants when the building comes online and in
subsequent tenant renovations?

Research from Working Together for Sustainability: The Rocky Mountain
Institute (RMI) - Building Owners And Managers Association (BOMA)
Guide For Landlords And Tenants found that one of the main barriers

is the “split incentive”issue, which results from the structure of many
commercial leases. Net leases and modified gross leases, the most
common, typically make the building owner responsible for bearing
the cost of all capital upgrades. Energy costs, being a routine operating
expense, are paid by the tenants. In other words, the owner makes the
capital investment to improve the building and the tenant is the sole
beneficiary of the reward of reduced operating expenses. The result is
that commercial real estate owners have little direct financial incentive
to upgrade their buildings to save energy.
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To further complicate the issue, unless the tenant space is separately
metered or sub metered, all of the tenants pay a pro rata share of

the building’s energy costs. Therefore, tenants have little incentive to
modify their behavior or implement any energy-reduction strategies
because they must share the reward of their improved behavior while
also sharing the costs of other tenants' wasteful behavior.

In the fall of 2011, RMI and BOMA International partnered to explore
ways to overcome the split incentive barrier. They assembled a select
group of leasing and commercial real estate stakeholders, as well as
individuals and organizations that have already explored these issues
and developed potential solutions. The cited guide is a result of the
workshop. It provides a framework for instituting cooperative and
productive relationships between landlords and tenants and seeks to
address some of the non-technological barriers to energy efficiency,
such as split incentives, tenant behavior, and transparency.

The guide outlines five actionable steps that building owners and
tenants can take to partner in the shared goal of energy efficiency:
make energy use and costs more transparent; engage building
occupants in saving energy; incorporate energy efficiency in tenant
fit-outs; plan ahead for deep energy retrofits; and structure agreements
to benefit both parties. (Working Together for Sustainability 2012)

These steps require a higher degree of collaboration on the parts of
owners and tenants and the historic win/lose mentality associated with
real estate will need to give way to a drive towards a longer term view
that factors the environment into the investment equation.

Transparency in energy consumption by tenants and their energy
needs can save energy over the terms of the lease. Often tenants ask
for outsized electrical and HVAC capacity that landlords feel obliged
to provide for fear of losing a prospective tenant. Tenants typically
request 6-10 watts per square foot to be available for their use, but
studies show that tenant loads rarely exceed three watts per square
foot and typically average below one watt per square foot. This leads
to oversizing of both the electrical and HVAC systems and results in
wasted infrastructure and energy costs over the life of the building.
Most of the life cycle costs associated with oversizing of systems are
passed on to the tenants.

Historically, the market is set on extremely high power densities and
this will only change when the tenants gain a clear understanding of
their actual loads through metering and are willing to be transparent
with their requirements. The idea here is to right-size the building and
have the tenants and landlord take advantage of the long-term energy
savings and reduced equipment maintenance and replacement

costs. Tenants and landlords both benefit from detailed and accurate
metering of discrete loads. From this information they can connect
behaviors with energy consumption and make beneficial decisions.

Landlords can also help to make the tenant fit-out more energy- and
water-efficient by having tenant design guidelines that outline steps to
achieve greater efficiency or by having examples of highly sustainable
tenant fit-outs available to see and test drive. They may be able to
leverage greater buying power and potentially pass discounts by
buying attic stock of low energy (LED) lighting or lighting controls.
Landlords provide leadership and inspiration to their tenants by
educating them and demonstrating how to save energy and money.

The Transbay Tower owners are now developing tenant design
guidelines that will maximize the energy savings of the whole building.
In California, strict energy codes require low energy design. However
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the design guidelines will strive for even greater energy savings while
providing the design flexibility for a wide variety of tenants.

The owners agreed upon a modified gross lease where the tenants’
energy use will be measured and billed, providing incentives for the
tower tenants to minimize their energy use. The backbone of the
tenant metering system is provided by the landlord and the individual
meters for the lease areas are provided by the tenant so both share

in the cost of the system. Tenants can monitor their loads and track
energy use. They will be able to use this information to manage their
energy footprint.

The tower's occupants will play a significant role in the overall
environmental impact of the building. The tenant loads make up
more than 60 percent of the overall building energy profile and
therefore can have a significant positive or negative influence on
building performance.

Conclusion

The Transbay Tower serves as a strong example of the successful
collaboration between owners and occupants, the built environment
and the outdoors, the necessity for an urban habitat to offer intelligent
and interconnected multi-modal transit systems, and sustainability in
tall buildings. As a transit-oriented and resource-efficient development,
it succeeds on all levels.

Sustainability for Transbay Tower is achieved through many avenues,
from the UFAD system, the planned future use of biogas for the onsite
co-generation units, water efficiencies and reuse and the inclusion of
tenant metering and monitoring systems. These strategies will provide
long-term performance and energy savings.

Further, upon its completion it will serve as a model for collaboration
and partnership. The synergy between developers and tenants is
paramount to this building’s success. It is what ensures the tower
remains a truly sustainable structure, and this translates positively on
the future of the city. True sustainability is not just the implementation
of low consumption or regenerative systems but how people interface
with the building.

As populations increase worldwide, urban centers will continue to build
vertically. The Transbay Tower will not only drastically change the skyline
of San Francisco but also lead the way in energy efficiency for office
buildings, and in so doing serve as a model for future cities'development
and effectual conservation of resources in tall structures (see Figure 7).
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Figure 7. Transbay Tower Crown. (Source: Pelli Clarke Pelli)
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