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Global Ecology Research Center at Stanford University is an extremely low-energy
laboratory and office building for the Carnegie Institution of Washington. The mission of
the new Department of Global Ecology is to conduct basic research on the interactions
between the earth’s ecosystems, land, atmosphere, and oceans.

Full project profile:
www.aiatopten.org/hpb/
overview.cfm?ProjectID=809

This project unified several buildings and activated spaces on a site that the Carnegie
Institution has occupied since 1928, improving contact and circulation between two
departments and creating an outdoor collaboration space.

Scott Shell (Primary Contact)
EHDD Architecture
Architect

500 Treat Ave., #201

San Francisco, CA 94110
415-285-9193
www.ehdd.com

This photo shows the lobby with its
bi-fold doors open to passerby.

Photo: Peter Aaron /
Esto Photographics
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Sustainable Design Intent & Innovation VIATERIALS & CONSTRUCTION

From the Global Ecology researchers’ perspective, the most pressing environmental
issues are global climate change, biodiversity, and water issues. The client encouraged
the design team to reduce carbon impacts and address biodiversity and water issues WISDOM & FEEDBACK LOOPS
while providing laboratory and research spaces that meet the highest standards of
comfort and performance. This focus resulted in a 72% reduction in carbon emissions
associated with building operation and a 50% reduction in embodied carbon for
building materials.

LONG LIFE, LOOSE FIT

JURY COMMENTS

Proper orientation, exceptional daylighting, sunshading, and natural ventilation set
the stage for innovative mechanical systems. A “night sky” radiant cooling system
demonstrates the same principles of radiant heat loss to deep space in which the
researchers are investigating. An evaporative katabatic (downdraft) cooling tower
serves as an iconic focal point, while tempering an indoor/outdoor lobby and
collaboration space.

The team also aggressively pursued habitat- and water-conservation goals. The exte-
rior wood cladding is salvaged wine-cask redwood, the interior wood and veneers are
FSC-certified domestic ash, tables in the conference room and lobby were made from
trees salvaged from a nearby municipal yard, workstation tabletops were made from
salvaged doors, and recycled aggregate substituted for about 20% of site concrete
aggregate. Water use is reduced by one-third through no-irrigation landscaping,
dual-flush toilets, a waterless urinal, and low-flow sinks.
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Global Ecology Research Center

Location: Stanford, CA Architect: EHDD Architecture

Regional/Community Design & Connectivity

This project provided an opportunity to transform what was once an uninviting public
space into an active core for the Carnegie campus. The vertical cool tower doubles

as an orientation device that announces the importance of this research center as it
draws visitors into the new courtyard.

Two potential sites were left over after 70 years of piecemeal development serving

the Department of Plant Biology. Rather than build on a mature oak woodland in the
front of the site, the design team chose to redevelop the more difficult rear site that
had served as a paved utility zone for decades. The new buildings were sited to form
an open courtyard with existing laboratory buildings, enhancing circulation while
maintaining open space used as an agricultural research zone and allowing for future
expansion of the Department of Global Ecology. Old greenhouses were reused off site,
site concrete was recycled, and irrigated turf was removed.

The courtyard paving extends to the street to invite walkers and bikers to the center,
supporting Stanford’s pedestrian- and bike-friendly culture. A bike parking area is
located on the courtyard, and showers are available in an adjacent building. Approxi-
mately one-third of the building’s occupants (32%) use transit options other than
single-occupancy vehicles on a regular basis. To accommodate the expected
45-person occupancy of the building, 17 parking spaces were added to a lot shared
by the Department of Plant Biology and the Department of Global Ecology.
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Use other transport
options: 32%

Parking spaces per
person: 0.75
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This photo of the building at dusk
shows the adjacent bike racks,
which serve many of the building’s
occupants.

Photo: Peter Aaron /
Esto Photographics
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Global Ecology Research Center

Location: Stanford, CA Architect: EHDD Architecture

Land Use & Site Ecology

Water use is a concern in this arid climate. Accordingly, the design team
focused on limiting site water use, reducing stormwater runoff to San
Francisco Bay and promoting aquifer recharge.

A native oak woodland habitat—including perennial grasses, chaparral and
two species of oak—is developing without the use of a permanent irrigation
system. The oak woodland will serve as critical native habitat for local fauna.
The knowledgeable client’s participation was encouraged, thus inspiring
students, faculty and other volunteers to organize “planting parties” to
perform all of the planting. This personal connection has helped promote
proper care for the landscape over time.
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This site plan shows the building
with its native landscaping and
sl shade trees.

Photo: Ron Lutsko Landscape
Architecture



Global Ecology Research Center

Location: Stanford, CA Architect: EHDD Architecture

Bioclimatic Design

The initial design concept suggested a fatter building with a long east elevation

to define a new courtyard and circulation spine. To maximize orientation efficien-
cies, we lengthened and rotated the building. The result is a narrow, forty-foot
wide building facing directly to the south and north, which maximizes daylighting,
sunshading, and ventilation opportunities.

An indoor/outdoor lobby space in turn serves to anchor the building on the court-
yard. Large vertical bi-fold doors open the lobby to the landscape, allowing spaces
to merge and the interior space to be passively conditioned. The sunny and dry
Palo Alto climate, where the hottest days are clear with low humidity, is ideal for
the Katabatic Cool Tower serving the lobby and for Night Sky radiant cooling.

All non-lab spaces have operable windows and are designed for natural ventila-
tion. Casement windows open to the north to enhance ventilation from prevailing
NW breezes. The operable clerestory height encourages stack effect ventilation on
windless days. The toilet exhaust fans ensure a baseline ventilation rate when
windows are closed. Natural ventilation works well with radiant heating and
cooling since thermal comfort is less dependent on air temperature.
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This photo of the inside of the
Katabatic Cool Tower shows the
misters installed in the tower.

Photo: Peter Aaron /
Esto Photographics



OVERVIEW

SUSTAINABLE DESIGN INTENT
& INNOVATION

REGIONAL/COMMUNITY DESIGN
& CONNECTIVITY

GIObaI ECOIOgy Research Center LAND USE & SITE ECOLOGY

BIOCLIMATIC DESIGN
Location: Stanford, CA Architect: EHDD Architecture

LIGHT & AIR

WATER CYCLE

Light & Air
ENERGY FLOWS & ENERGY FUTURE

The design of thg Global Ecology Center empha.5|zes dayllght,. exposed structure and MATERIALS & CONSTRUCTION
systems for architectural character, and the minimal use of finishes.
Daylight serves as the building’s primary task light and provides all of the light re- LONGLLIFE, LOOSE FIT
quired for the majority of the day. The narrow building footprint (40 ft) and effective WISDOM & FEEDBACK LOOPS
orientation, coupled with exterior solar shading allow controlled daylight, creating a

space that is intimately tied to diurnal cycles with superior visual comfort. Light enters
the space from two directions, providing balanced, diffuse light with direct views to

the outside from all workspaces.

JURY COMMENTS

Direct-indirect pendants provide ambient electric lighting; important wall surfaces
also washed with light. A single high-output T-5 fixture serves each lab module,

supplementing the movable under-shelf task lights. Most of the lighting has . .
occupancy sensors and is dimmed with photo-controls when daylight is sufficient. area that is daylit: 97%

Percent of building

Paints and adhesives with low emissions of volatile organic compounds (VOCs) were
used throughout. Low-pile carpeting was also used. All of the air that enters the labo-
ratory passes through 85% efficient filters. Many of the laboratory areas have HEPA
filtration systems. Several occupants prefer to work in the lab areas during hay-fever
season due to their excellent air quality.

Percent of building that
can be ventilated or
cooled with operable
windows: 51%

The non-lab spaces all have operable windows and are designed for natural ventila-
tion. The roof slopes up to south-facing clerestories, and casement windows open

to the west to enhance ventilation from prevailing northwest breezes. The height of
the clerestories encourages stack-effect ventilation on windless days. The restroom
exhaust fans ensure adequate ventilation even when windows are closed. Since ther-
mal comfort is less dependent on air temperature with radiant heating and cooling
systems than with other systems, natural ventilation was well suited to this project.

The roof of the open office for
researchers shown in this photo
tilts up to a clerestory for daylight
and ventilation.

Photo: Peter Aaron /
Esto Photographics




Global Ecology Research Center

Location: Stanford, CA Architect: EHDD Architecture

Water Cycle

Water serves as the conduit for the building’s “night sky” system, a low-energy
cooling system that allows a 50% reduction in water use compared to a
conventional, water-cooled chiller. Water also provides energy- and water-
efficient cooling in the katabatic cooling tower and serves as a highly efficient
medium for heat transfer in the radiant floor and ceiling systems.

More conventional water-efficient fixtures such as low-flow sinks with auto-
matic sensors and dual-flush toilets were installed; a waterless urinal is still
awaiting county approval.

The no-irrigation, native landscape design saves an estimated 20,000 gallons
of water each year, compared to conventional landscaping. Existing turfgrass
was replaced with native grasses as part of the landscape plan. Manual
irrigation during the first year helped establish the native plantings which
are perfectly suited to the region’s long summer dry season.

Bioswales constructed along three sides of the building site slow runoff and
encourage infiltration and aquifer recharge. Rainwater from greenhouses and
a warehouse are discharged into swales. Impermeable surfaces were mini-
mized and paved areas shaded to reduce heat island effects. All rainwater that
falls on the roof is collected in the thermal storage tank to be utilized during
the heating season.
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Precipitation managed
on site: 43%

Total water used indoors:
132,000 gal/yr

Total water used
outdoors: 0 gal/yr

Percent of total water from
reclaimed sources: 0%

Percent wastewater
reused on-site: 0%

Calculated annual potable
water use: 12.1 gal/sf/yr

This photo captures the Night Sky
system, which produces chilled
water for the building HVAC
system, in spray mode.

Photo: Paul Sterbentz
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Global Ecology Research Center

Location: Stanford, CA

Energy Flows & Energy Future

Architect: EHDD Architecture

The Center’s functions are zoned so that lab areas receive high levels of ventilation and cooling,
while the remaining areas are naturally ventilated. Daylighting, plug-load reduction, and building
size reduction also contribute to the Center’s efficiency. The building exceeds California’s Title 24

energy code by an estimated 63%.

However, since the Carnegie Institute was more interested lowering the building’s carbon emis-
sions, the embodied carbon emissions of building materials as well as emissions tied to energy
use were tracked. The energy-related carbon emissions were found to be 72% lower than they

would be in a conventional design.

Central to the building’s energy performance is a set of highly efficient mechanical systems that
have never before been used in a laboratory building.

Heating and Cooling

The core of the heating and cooling system for both
the laboratory and office zones is a simple, elegant,
and innovative hydronic system that provides hot
water (for heating) and chilled water to the building.

Chilled water for cooling is produced with the night
sky system, eliminating air conditioning compressor
loads that drive the peak energy load in California. A
thin film of water is sprayed on the roof at night. The
water is cooled through radiation to cold, deep space
and stored in an insulated 12,000-gallon tank. Chilled
water from the rooftop is supplied during the day

at 55*F to 60*F using only 0.04 kW/ton, or 90% less
energy than a chiller. The radiant cooling system uses
pumps and pipes to move cool water through the
building. Fans are then used solely for ventilation,
saving over 70% of fan energy. Careful sunshading
and R-20 rigid roof insulation reduce cooling loads.

Ventilation

Office spaces are equipped with operable windows
for occupant-controlled natural ventilation. The roof
slopes up to south-facing operable clerestories, and
casement windows open to the west to enhance ven-
tilation from prevailing northwest breezes. The height
of the clerestories encourages stack-effect ventilation
on windless days. Thermostats report indoor and
outdoor temperatures, allowing occupants to make
intelligent decisions about opening the windows.

In the laboratory areas, where more ventilation is
need, low-face-velocity air handlers and low-pres-
sure-drop design were used. Fan power is directly
proportional to an air-handling system’s resistance
to flow or pressure drop. In this building, the supply-
air-handling system has a total static pressure of

2.0 inches, compared to a typical 5.0 inches. This
adjustment allowed for a smaller fan to be installed,
resulting in 50% fan energy savings, compared to a
typical system.

Cascading air flows are used for laboratory ventila-
tion. In order to reduce the amount of outside air

required, air is supplied to noncritical laboratory
areas (those with no chemical use), and then cascad-
ed through critical areas (fume-hood rooms) before
being exhausted. This reduces the total air flow by
approximately 20%, thus reducing the energy
required for ventilation. At night, ventilation rates
are lowered somewhat if spaces are not in use.

Lighting

Daylight serves as the center’s primary task lighting
and provides all of the light required for the majority
of the day. Ambient electric lighting is provided by
direct-indirect pendants, and important wall surfaces
are also washed with light. Each lab module is served
by a fixture that uses a high-output T5 lamp, along
with movable under-shelf task lights. Most lighting
has occupancy sensors and is dimmed with photo-
controls when daylight is sufficient.

Energy security

Peak energy demand was reduced by shifting 4,000
ft? of program space, including a number of -80*C
freezers, from the lab building into a separate semi-
conditioned warehouse. This significantly reduced the
size of the energy-intensive lab area and avoided the
heat load of the freezers in those spaces. (Energy use
for those warehouses is not included in the energy
simulation.)

The datacenter is provided with full air-side econo-
mization for backup cooling in lieu of a traditional
redundant compressor-based cooling system.

The lab required a back-up generator that keeps
essential functions running during power outages.
Combined with adequate daylight throughout and
natural ventilation at the offices, the building can
operate quite functionally during a blackout. Electric-
ity is provided by the very efficient Stanford cogen-
eration plant located one block away. A photovoltaic
array added to an adjacent building during con-
struction as a separate project is not included in the
energy calculations for this project.

ENERGY FLOWS & ENERGY FUTURE

ENERGY PERFORMANCE
Ratings
EPA:
HERS:
Percent total energy savings: 47
Base | Design
Case Case
Total energy
(Btu/sf/yn) 21,230 | 11,980
Electricity
(Btu/sf/yr) 87,300 | 40,300
Natural gas
(Btu/sf/yr) 12,500 | 79,500
Other: (Btu/sf/yr)
Heating (Btu/sf/yr) | 12,500 | 79,500
Cooling (Btu/sf/yr) | 20,506 | 7,992
Cooling capacity
Wil 181 477
Lighting load 14 1
connected (W/sf) )
Lighting load after
controls (W/sf) 0.76
Plug load (W/sf) 0.67
Peak electricity
demand (W/sf) R e

Percent on-site renewable
energy: 0

Percent grid-supplied
renewable energy: 0
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Materials & Construction MATERIALS & CONSTRUCTION

The project’s embodied carbon emissions were reduced by 43% primarily through LONG LIFE. LOOSE FIT
the substitution of flyash for over half of the cement in nearly all of the concrete. '

- . . . - . WISDOM & FEEDBACK LOOPS
Finish materials were kept to a minimum. exposed acoustic deck ceilings, radiant

integrally-colored concrete floors (ground down in the lobby to expose the aggregate), JURY COMMENTS
and exposed steel trusses and columns were left exposed, providing much of the
material character.

Salvaged materials reduced virgin material use and added narrative character to the
project. Exterior redwood siding was salvaged from decommissioned Sebastiani Vine-
yards wine vats. Due to the tight-grained quality of this old-growth wood, no sealer or
paint was necessary as a preservative, reducing first cost and maintenance over time
and helping to pay for the higher quality wood. Tables in the conference room and
lobby were milled down and finished from trees salvaged from a nearby municipal yard.
Workstation tabletops were derived from salvaged doors donated by the contractor.
One-fourth of the casework and all lab sink faucets were salvaged. Recycled aggregate
substituted for 20% of site concrete aggregate.

All non-salvaged wood in the building, including doors, new casework, trim, light
shelves and railings is domestic ash certified according to Forest Stewardship Council
(FSC) standards.

This photo of the conference room
shows the tables made from wood
salvaged from a nearby municipal
yard.

Photo: Peter Aaron /
Esto Photographics
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Long Life, Loose Fit

The research program requires flexibility over the short and long term. Research-
ers split their time equally among the field, their offices, and the lab. Therefore, all
spaces were designed to allow for expansion and contraction of research teams
and informal space sharing. Strategies include a standardized lab layout with
movable benches and shelving and an open office plan instead of shared grad
student offices as initially requested.

The research building was designed for a 100-year service life (warehouses and
greenhouses were designed for 50-year life spans). A clear-span structure on the
second floor will accommodate changes to the building over time. Windows,
roofing, and flashing were designed so that their disassembly would not affect ad-
jacent finishes. Redwood siding is attached with exposed screws to permit future
salvage. Indoors, individual carpet tiles can easily be replaced if they are damaged.

Open ceilings in the laboratory and an exposed steel structure allow for easy
reconfiguration of services and spaces as needs change.

Early programming efforts allowed a 36% reduction in building floor area. Work-
shop space, storage, and much of the heat-producing equipment are housed in an
adjacent warehouse, reducing the need for conditioned, finished space and heat
loads in the lab.
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The interior of the laboratory is
washed with daylight, as this photo
shows.

Photo: Peter Aaron /
Esto Photographics
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A post-occupancy study by the Center for the Built Environment at Berkeley MATERIALS & CONSTRUCTION
(CBE) ranked the project in the 99th percentile for occupant satisfaction,
as compared to the database. Occupants are responding to the unusually LONG LIFE, LOOSE FIT

high levels of thermal, visual, and acoustic comfort which are integral to the
energy strategies.

WISDOM & FEEDBACK LOOPS

JURY COMMENTS
Other lessons learned include:

* Sunlight reflecting from adjacent greenhouses into north-facing windows
created uncomfortable glare at some workstations. To avoid adding shades
(that would block daylight), a window film was installed on the lower third
of this glazing.

*The photo-sensor light dimmers were difficult to commission (a bug in the
manufacturer’s software prematurely stopped lamp burn-in).

* The design team made extensive efforts to reduce embodied carbon
emissions, but did not foresee the contractor’s use of a temporary working
concrete slab on portions of the site, which added to material quantities.

*The 50% flyash concrete mixes in some thin topping slabs didn’t produce
adequate heat of hydration in cold weather for timely finishing.

* The natural resin pavement did not harden adequately in places.

* Testing indicated that high-volume flyash concrete can be cured
conventionally with a curing compound instead of through wet curing.

This photo shows the sun shades
and lightshelves.

Photo: Peter Aaron /
Esto Photographics




“This had good numbers; the metrics were really there. We liked that they were very
honest about what had not worked ... this was fantastic.” - Alisdair McGregor,
Arup / San Francisco, CA

“They scored high on a Center for the Built Environment POE, but the team has
been delving into what didn’t work” - Anne Schopf, FAIA / Mahlum Architects /

Seattle, WA

“LEED ratings were helpful for some of our considerations, but that played out in
different ways. In this project, they intentionally opted out of the LEED process to
push their own agenda. We appreciated the independent thinking and the expla-
nation about it.” - John Quale, Assistant Professor / University of Virginia School of
Architecture / Charlottesville, VA
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The design team also included:

« Commissioning agent

« Environmental building consultant
+ Plumbing engineer

- Facility manager

« Laboratory Design
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