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allows scientists to share research 
and ideas in the pursuit of advanc-
ing their work. According to 
Battelle, the two disciplines have 
enjoyed being close together, which 
has helped increase their productiv-
ity and simplified logistics, such as 
not having to travel across campus 
to meet. 

The variety of sustainable design 
features used means that every 
occupant and almost every opera-
tion in the building benefits from 
the ecological design. From the 
advanced occupancy sensors in 
every space to the simplicity of the 
renewable bamboo wall panels in 
the lobby, the design of the BSF 
and CSF strives to bring environ-
mentally friendly features to the 
daily routine.

T
he Richland, Wash., 
laboratory is overseen 
by the U.S. Department 
of Energy and is oper-

ated by Battelle Memorial Institute. 
The BSF is approximately 71,000 
ft2, while the CSF adds another 
73,000 ft2 for a total of 144,000 ft2. 

This facility, which opened in 
late 2009, is the first new building 
on PNNL’s campus since 1997. It 
houses about 300 staff who sup-
port PNNL’s research in biological 
systems science and data-intensive 
computing for the Department 
of Energy, the Department of 
Homeland Security, the National 
Institutes of Health and others.

Richland is home to approxi-
mately 50,000 people. Other 
research facilities in the area 
include Hanford Site (a former U.S. 
government plutonium production 

site) and Washington State 
University. The climate is typical 
for central Washington: hot, dry 
summers with a design temperature 
of 96°F/68°F WB/DB and cold win-
ters with a 7°F design temperature.

The BSF and CSF involved an 
integrated and collaborative effort 
throughout design and construction, 
with ambitious sustainability objec-
tives, which helped it become one 
of about 14 LEED Gold laboratories 
in the United States at the time of 
its completion. 

Design features such as geothermal 
heating and cooling, heat recovery, 
energy-efficient lighting, low-e glass 
and sunshades, VAV fume hoods, 
low-flow plumbing fixtures, and 
energy-efficient HVAC components 
were critical to the successful imple-
mentation of the project.

Typical laboratories are generally 
designed around a 50% efficiency 
of net-to-gross square footage. The 
PNNL project, however, reached 
77% efficiency. This means more 
usable square footage for the 
researchers and better economic 
performance for the owner. 

A more efficient design also 
allowed for a smaller footprint, which 
translated to savings in materials 
and even site fill. All cut and fill in 
this project remained on site and was 
used to create bioswales and berms 
to retain and treat all site storm water. 

The two facilities join in a com-
mon collaboration and gathering 
space at the main entry atrium and 
highlights the building’s sustainable 
design. This design brings together 
two previously separate disciplines 
and buildings into one facility and 

Scientists at Pacific Northwest National Laboratory’s (PNNL) Biological Science Facility 

(BSF) and Computational Science Facility (CSF) research divergent fields. Microbes are 

the focus at the BSF, where scientists hope to find new sources of renewable bioenergy. 

At the CSF, scientists develop computing solutions to help scientists and national security 

analysts manage and interpret ever-growing data streams. Their connected facilities dem-

onstrate that integrated sustainable design can benefit occupants and significantly reduce 

energy and water use, even in a traditionally energy-intensive facility such as a laboratory.

B Y  M AT T H E W  L O N G S I N E ,  P. E . ,  M E M B E R  A S H R A E ;  A N D  C H R I S  H E L L S T E R N 

Above Renewable bamboo paneling and 
generous glazing provide a warm and 
daylit lobby space for collaboration at the 
Biological and Computational Sciences 
Facility in Richland, Wash. 

Opposite The west entry lobby glows at 
dusk. This important space connects the bio-
logical sciences and computational sciences 
sections of the building, disciplines that were 
previously housed in separate buildings. 
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C A S E  S T U D Y

SCIENCE 
OF EFFICIENCY

B U I L D I N G  AT  A  G L A N C E

Name Biological and Computational 
Sciences Facility

Location Richland, Wash.  
(200 miles SW of Seattle)

Owner Cowperwood Company 

Principal Use Biological, computational 
and subsurface lab research 

Employees/Occupants 300

Gross Square Footage 144,400

Distinctions/Awards 
2012 ASHRAE Technology Awards, 
Second Place

LEED-NC v2.2, Gold, 2010

Total Cost $55 million 
 Cost Per Square Foot $382

Substantial Completion/Occupancy  
October 2009

Chris Hellstern

B I O L O G I C A L  A N D  C O M P U T A T I O N A L  S C I E N C E S  F A C I L I T Y 
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reduces the toxic materials brought 
on site through the purchase of 
reduced mercury light bulbs.

Water
Dual-flush water conserving toilets 
and low flush rate urinals that are 
designed for 0.125 gallons per flush 
are the primary means of water con-
servation. Low-flow kitchen sinks and 
low-flow lavatory faucets also con-
tribute to the overall estimated water 
savings of approximately 180,000 
gallons per year, or a 30% savings 
over the LEED baseline case.

Recycling
The design team placed a prior-
ity on sustainable materials. Some 
22% of the materials used in the 
facility consist of high recycled 
content, and 11% of materials were 
extracted and harvested within 
500 miles of the site. Seventy-six 

occupants. A skylight and light well 
also bring daylight to both levels of 
the open office area, helping to cre-
ate a more productive and healthy 
work environment. 

The lighting system in the labs 
is designed to meet the light level 
requirement of 60 footcandles at 
the lab benches without task lights, 
while providing an energy-efficient 
lighting system. Ceiling recessed 
high-performance 1 × 4 lensed indi-
rect light fixtures are aligned with 
the edge of the benches. Controls 
for the lighting system include dual-
level switching of light fixtures, 
photocells to shed electric lighting 
load and occupancy sensors located 
at each laboratory bay. 

The building saves 25% in light-
ing energy alone over ASHRAE/
IESNA Standard 90.1-2004, with 
an overall lighting power density 
of 0.9 W/ft2. Additionally, the proj-
ect’s source reduction program, 
recognized by LEED, maintains and 

Lighting
The laboratories require suitable 
lighting for the researchers to per-
form their detailed work, but that 
does not mean that the benefits 
of natural light cannot be used. A 
majority of the laboratories have 
windows to allow daylight for the 

Annual Water Use 418,000 gallons

W AT E R  AT  A  G L A N C E

Annual Energy Use Intensity (EUI) (Site)  
181 kBtu/ft2 
 Natural Gas 18 kBtu/ft2 
 Electricity (From Grid) 163 kBtu/ft2

Annual Source Energy 563 kBtu/ft2

Savings vs. Standard 90.1-2004 
Design Building 30%

Heating Degree Days (base 65˚F) 5,463

Cooling Degree Days (base 65˚F) 1,168

Average Operating Hours per Week 50

E N E R G Y  AT  A  G L A N C E

Local brick and regional metal on the 
building’s west façade fit with the campus 
aesthetic. 

Mark Scheyer

Advertisement formerly in this space.
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IAQ and Thermal Comfort
In accordance with ASHRAE 
Standard 62.1-2004, each lab is 
negatively pressurized from the 
rest of the building through the 
use of a dedicated variable air vol-
ume control system using venturi 
air valves. Each room controller 
calculates the amount of exhaust 
required based on how many hoods 
are open, what equipment is being 
used, or the cooling load require-
ments, and adjusts the supply or 
general exhaust valve to maintain a 

A CO2 sensor at the roof provides an 
outside air CO2 baseline. During con-
struction, measures to maintain high 
indoor air quality through building 
flush out and temporary construction 
filters also were implemented.

ASHRAE Standard 55-2004 incor-
porates the Predicted Mean Vote 
(PMV) comfort model. The PMV is 
the average thermal sensation vote by 
occupants using a seven-point ther-
mal sensation scale, which ranges 
from –3 (too cold) to +3 (too hot). A 
method for predicting the PMV uses 
heat transfer models to relate the 
personal activity levels, clothing and 
environmental conditions.

A PMV from > –0.5 to < +0.5 
meets Standard 55-2004. The stan-
dard does not specify minimum 
humidity levels. The output from 
the ASHRAE Thermal Comfort Tool 
indicates that the indoor design 
conditions meet the standard with a 
rating of –0.17 in the summer and a 
–0.46 in the winter.

negative pressure in the room. By 
maintaining a negative pressure in 
the laboratory, chemical odors can-
not migrate into surrounding spaces, 
affecting the occupants.

All five air-handling units have 
outside airflow monitoring stations to 
confirm the outdoor air intake rate. 
Non-lab spaces with occupancies 
greater than 25 people per 1,000 ft2, 
such as conference rooms and meet-
ing rooms, are equipped with CO2 
sensors at the thermostat level. 

the facility has a comprehensive 
program to divert operational waste. 
This includes items like toner car-
tridges, books, computer monitors, 
CPUs, batteries and chemicals. A 
system that tracks the purchase of 
products and their waste diversion 
rates allows staff to more accurately 
assess and reduce the waste flow of 
the facility.

percent of the wood used for the 
interior finishes, including bamboo, 
is FSC-certified. During construc-
tion, 78% of the waste generated 
was diverted from the landfill.

In addition to the standard recy-
cling of paper, glass, and aluminum, 

COMPUTATIONAL  
SCIENCES FACIL ITY :  
TACKL ING ‘DATA  OVERLOAD’ 

The Computational Sciences Facility 
houses innovative data-intensive and 
high-performance computing hardware 
and software technologies that allow 
PNNL scientists to develop solutions for 
the growing challenge of data overload, 
a problem common to the scientific 
and national security communities. The 
CSF is home to the Center for Adaptive 
Supercomputing Software, which pro-
vides solutions for improving the execu-
tion speed of irregular, data-intensive 
applications like power grid analysis 
and bioinformatics. 

Intelligence analysts also face chal-
lenges in collecting and processing 
real-time data streams — from video to 
audio to text — that they must analyze 
to better predict and detect threats. 
PNNL researchers are leaders in the 
development of data-intensive com-
puting solutions — ways to capture, 
manage, analyze and help users under-
stand massive amounts of data using 
innovative computing hardware and 
software technologies.

Source: PNNL. http://tinyurl.com/ctumy54 
and http://tinyurl.com/blpa53s

BIOLOGICAL  
SCIENCES FACIL ITY:  
RESEARCHING SOLUTIONS

The Biological Sciences Facility houses 
state-of-the-art analytical equipment and 
powerful computing capabilities that 
enable scientists to combine experi-
mental and computational approaches. 
Scientists focus on gaining a fundamen-
tal understanding of biological systems 
that are needed to use microorganisms 
for renewable bioenergy and carbon 
sequestration; preventing contaminants 
from moving through groundwater; and 
improving systems-level understanding 
of how low-dose radiation and other 
factors affect human health. Scientists 
are studying communities of microbes 
in hopes of predicting their behavior 
and then manipulating them to produce 
a valuable product or process such as 
renewable bioenergy.

Source: PNNL. http://tinyurl.com/ctumy54 
and http://tinyurl.com/blpa53s

SUSTAINABLE FEATURES

Energy Efficient  
Lighting Throughout

Efficient Structural Grid and 
Flexible Floor Plate Design

Raised Access Floor with  
Underfloor Air Distribution

Vertical  
Circulation and 

Common Spaces

Office and  
Support Spaces

Laboratory Spaces

The east entry mirrors the west and serves 
as the face to the Battelle campus. Low-e 
glass is one of several design features that 
contribute to an annual energy use intensity 
that is about half that of an average lab.

The design of the BSF and CSF strives to bring environmentally friendly features to all parts 
of the facility.

KMD Architects
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Collaboration and  
Gathering Space

Rapidly Renewable  
Bamboo Wall Panels

Sustainable Features 
Educational Kiosk

Recycling Area

Geothermal HVAC and  
Efficient MEP Systems

Skylights and Light Wells

Durable, Regional  
Exterior Materials

Outdoor Occupiable Areas

Low-e Glazing  
and Daylighting

Sunshades

Various conference rooms provide digital 
space to showcase the labs’ work. CO2 sen-
sors in conference and meeting rooms help 
provide good indoor air quality. 
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The concern was whether using 
the groundwater as a medium for 
heat exchange would have a negative 
effect on the environment. The design 
team had to prove that the amount 
of energy put back into the aquifer 
would not increase the temperature of 
the nearby Columbia River. 

Given the relatively small amount 
of water used by the facility com-
pared to the size of the aquifer, the 
design team concluded that the sys-
tem would not cause adverse effects 
on the environment. Screens on the 
inlets of the geothermal wells are 
designed to prevent sediment from 
being inadvertently introduced into 
the building’s HVAC system. 

Obtaining the permits for the 
geothermal exchange system took a 
considerable amount of time, and they 
were not awarded until almost four 

Geothermal Exchange
One of the most intriguing charac-
teristics of the facility’s site is its 
proximity to the Columbia River. 

project. Temporary heating and 
cooling equipment was provided 
to meet the building’s loads for the 
first few months of operation. 

exchangers located in the mechani-
cal room where it exchanges heat 
with the building’s condenser 
water loop. 

The water from the geothermal 
loop is then returned to the aqui-
fer, never directly mixing with the 
building’s HVAC water systems. The 
condenser water loop then passes 
through heat recovery reverse chill-
ers to meet the building’s heating 
and cooling loads.

As one can imagine, however, the 
use of natural resources — whether 
on the surface or below ground in 
the aquifer — means that multiple 
permits had to be obtained for this 
option. The implementation of the 
geothermal exchange system proved 
to be challenging. Permits had to be 
obtained from the State of Washington 
and the Department of Ecology. 

months after the project’s comple-
tion. The design team was aware of 
the time constraints involved with the 
permitting process early on in design.

Fortunately, the permitting pro-
cess did not hinder the owner’s 
vision for a sustainable laboratory 

The river is one of the largest in the 
United States and acts as a natu-
ral boundary between Washington 
and Oregon for approximately 
300 miles. While the river passes 
through Richland, only one-third of 
it is visible. 

The other two-thirds are located 
underground, and the BSF and CSF 
just happen to be located above 
the river’s aquifer. When feasible, 
it is a great strategy in the Pacific 
Northwest to use large bodies of 
water as a heat source/sink, due to 
the relatively constant temperatures 
of the water and accompanying 
reduction in cost of equipment and 
improved energy efficiency. 

Four geothermal wells are located 
on the site, with a 700 gpm pump 
serving each well. Water from the 
aquifer is pumped through two heat 

Water Conservation Low flow fixtures.

Recycled Materials Steel, metal panels, 
interior finishes, concrete.

Daylighting The biological sciences labs 
have a wall of windows that provide the 
researchers natural light when appropri-
ate. Perimeter offices throughout both 
parts of the facility have windows. Two 
light wells in the biological offices pro-
vide diffused daylight for both levels of 
the open offices. Glass curtain walls 
enclose the atrium space on the east 
and west elevations.

Individual Controls Each conference 
room or lab has thermal comfort con-
trols. In the office suite, one thermostat 
is provided per three offices.

KEY SUSTAINABLE FEATURES

Bioswales and native vegetation handle 
storm water on site. Low-flow water fixtures 
contribute to an estimated 30% water sav-
ings over the baseline.

Advertisement formerly in this space. Advertisement formerly in this space.
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Once the permits were accepted, 
the building switched over to the 
geothermal exchange system, and 
the temporary equipment was taken 
offline. The building now relies solely 
on the groundwater system for its 
heating and cooling demands. This 
has reduced the building’s energy use 
by approximately 8%–10%.

HVAC 
The building’s main hydronic sys-
tem relies on reverse chillers to 
provide heating and cooling water 
for the facility. Overall, the chillers 
provide 9% of the building’s energy 
savings, or 4% of the cost savings. 

Five air-handling units serve the 
building. Three units serve the BSF, 
while two units serve the CSF. 

An air-to-air heat exchanger is pro-
vided on the units serving the labora-
tories, which interact with the labo-
ratory exhaust system. An indirect 
evaporative cooler is also provided on 
the laboratory exhaust to pretreat the 
air before it enters the heat exchanger. 

These features on the laboratory 
air-handling units reduce the cooling 

and CSF project performs within 
2% of the standard to which it was 
designed, and has an actual EUI of 
181 kBtu/ft2 · yr. 

The EUI reduction of 51% 
relative to an average lab building 
meets the requirements of the 2030 
Challenge. Table 1 and Table 2 pro-
vide a total building monthly and 
annual utility consumption, and a 
EUI comparison.

Cost Effectiveness
With any lab facility, the cost of 
mechanical equipment is at a pre-
mium. The total construction cost 
for the project was $55 million 
($382/ft2), with $8 million ($56/ft2) 
dedicated to the HVAC costs.
 Energy modeling for the BSF and 
CSF was simulated for LEED certifi-
cation to demonstrate that the actual 
building performs 30.1% (energy 
cost) better than baseline defined 
using the Performance Rating 
Method in Standard 90.1-2004. 
The measurement and verification 
process has shown that the building 
is performing as anticipated in the 
early modeling stages.

were designed with efficiency and 
sustainability in mind from the 
initial phases of the project, and 
were targeted during design to use 
35% less energy than Standard 
90.1-2004 and save 30% in energy 
costs.

Energy and thermal simulations 
were conducted early in the design 
to determine the most effective 
strategies. Some of these strategies 
include the heat recovery chillers, 
lighting energy reduction, direct/
indirect evaporative coolers, south 
façade sunshades, high-efficiency 
transformers, air-to-air heat recov-
ery at each air-handling unit and 
the ground loop system.

According to the AIA 2030 
Reporting Tool Version I AIA 2010, 
the average lab building energy 
use intensity (EUI) is 370 kBtu/ft2. 
Modeling simulations estimated the 
Standard 90.1-2004 baseline EUI to 
be 285 kBtu/ft2. 

The design EUI after imple-
menting the efficiency measures 
described was 178 kBtu/ft2 · yr. 
After one year’s occupancy, 2011 
energy use data shows that the BSF 

energy required during the summer. 
The second chiller is rarely required 
during operation. Combined, the air-
to-air heat exchanger and indirect 
evaporative cooling provide 29% 
of the building’s energy savings, or 
19% of the cost savings.

Energy Efficiency
Traditionally, laboratories use a 
large amount of energy for their 
operations. The BSF and CSF 

TABLE  1  2011 ENERGY USE

Electricity  
(kWh)

Natural Gas  
(therms)

 January 648,171 215

 February 598,611 212

 March 631,151 255

 April 596,873 211

 May 622,267 218

 June 619,920 253

 July 643,030 205

 August 640,569 247

 September 610,936 219

 October 629,342 202

 November 638,780 219

 December 682,583 237

Total Annual 7,562,233 2,693

TA B L E  2  A N N U A L  
E N E R G Y  U S E  I N T E N S I T Y 
( E U I )  S U M M A R Y

Energy Consumption
(kBtu/ft2 · yr)

Baseline Design 285

Modeled Design 178

Actual Use (2011) 181

Roof
Type Thermoplastic polyolefin  
(TPO) (white)
Overall R-value R-30
Reflectivity 0.65

Walls
Type Steel structure, steel stud with 
brick veneer or metal panel
Overall R-value R-19
Glazing Percentage 29.5%

Basement/Foundation
Slab Edge Insulation R-value R-11

Windows
Type Low-e insulating glass
Effective U-factor for Assembly 0.29
Solar Heat Gain Coefficient (SHGC) 0.45
Visual Transmittance 1.67

Location
Latitude 46˚ N
Orientation Irregular

B U I L D I N G  E N V E L O P E

This aerial view shows how the 
Biological Sciences (left) joins with the 
Computational Sciences (right). The 
floor plan provides more usable space 
for researchers and a smaller footprint.Above Energy-efficient VAV fume hoods and 

electric lighting, along with plug-and-play 
workbenches, create a productive space. 

Below The four well geothermal system pro-
vides efficient heating and cooling, helping 
to dramatically lower the building’s energy 
use. The system uses water from an aquifer 
below the building. The permitting process 
required the design team to prove that the 
energy put back into the aquifer would not 
adversely affect the nearby Columbia River.

Building Owner/Representative  
Cowperwood Company

Architect KMD Architects

General Contractor  
Harvey Cleary Builders

Mechanical, Electrical Engineer;  
Energy Modeler; Lighting Design  
WSP Flack + Kurtz

Structural Engineer SOHA

Civil Engineer J.U.B.

Landscape Architect  
Brumbaugh and Associates

LEED Consultant Brightworks 

B U I L D I N G  T E A M
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Conclusion
From site to interior finishes, this 
project incorporates sustainable 
features at every level that are 
beneficial to the occupants and 
the owner. The design reduces the 
facility’s environmental impact, has 
lowered construction and energy 
costs, and promotes collaboration 
between two previously separated 
disciplines. •

L E S S O N S  L E A R N E D

Verify Goals Early in Design. The Biological 
and Computational Sciences Facility  was 
not originally intended to be a high perfor-
mance building. Early on in schematic design 
process, energy cost saving measures were 
explored (including the geothermal exchange 
and heat recovery chillers). However, at that 
time it was determined that a standard lab 
building would be built instead. 

Several months later when the design 
team was in the middle of the design devel-
opment phase, the owner revaluated the 
decision to provide a standard lab building, 
and determined that it was better for the 
project and the environment to deliver a high 
performance building. This created signifi-
cant changes to the project at a time when 
schematic ideas are supposed to become 
more concrete and design time is valu-
able. Ultimately, the design team delivered. 
However, advising the owner early regarding 
the importance of the energy goals and how 
those concepts evolve will help minimize 
system changes down the road.

Geothermal Well Permitting Process 
Prompted Temporary HVAC Measures. It 
was well known by the design team that 
the permitting process for the project’s 
groundwater source wells would be a long 
process with several reviews required 
by various agencies. Permit applications  
were submitted early in the project’s 
design, but the lead times were still lon-
ger than the planned completion of the 

project by four months! A temporary boiler 
and fluid cooler were required to meet the 
heating and cooling load requirements at 
the building’s opening. The commissioning 
process was also delayed since the ground 
well pumps could not be operated until the 
permits were approved.

Indirect Evaporative Cooling Ideal for Dry 
Climate. Indirect evaporative cooling was 
provided in addition to the air-handling unit’s 
heat recovery loop as a preconditioner for 
the exhaust air. The dry climate in Richland 
is an ideal operating condition for the indi-
rect evaporative cooling unit and has even 
performed better than expected. Building 
performance monitoring has indicated that 
the building’s second chiller is only called 
online when the building is at peak load.

Computational Lab Cooling Load Higher 
than Design. The computational lab, which 
makes up a little more than half of the 
project, ended up with a higher cooling load 
then what was assumed during design. 
A chilled water cooling loop supplies the 
entire lab, which includes various fan-coils 
and computer rooms. During construction 
and after substantial completion, more 
computer rooms were added during various 
revisions and tenant improvement projects, 
which stressed the cooling loop for the 
building. In hindsight, a dedicated cooling 
loop with future capacity should have been 
provided for the computer rooms.

A B O U T  T H E  A U T H O R S

Matthew Longsine, P.E., Member 
ASHRAE, LEED AP, is an associate at 
WSP Flack + Kurtz in Seattle.

Chris Hellstern, LEED AP BD+C, is an 
associate and project manager at KMD 
Architects in Seattle.
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Generous windows in this work space for 
scientists reduce the need for electric 
lighting. When lighting is used, high effi-
ciency lights and controls help reduce the 
building’s lighting energy consumption by 
25%.

Advertisement formerly in this space.


