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So the story of sustainability as told 
by the Living Learning Center reso-
nates with its users, which include 
college classes, members of the pub-
lic attending seminars, high school 
students, staff and researchers.

Net Zero Energy
Many aspects of the design of the 
Living Learning Center focus on the 
goal of net zero energy consumption 
over the course of a year. Given the 
hot summers and cold winters in 
Missouri, a relatively large source 
of renewable energy is required to 
meet this goal. 

The LLC’s photovoltaic panels 
serve as a base source of energy. PV 
panels are mounted on a UniRac 
S-5 clip system on a standing seam 
metal roof system. Additionally, 
pole-mounted solar tracking panels 
were added in spring 2010. The 
panels collectively provide a maxi-
mum rated power of 23.1 kW.

Although the LLC as built is 
capable of meeting building 

Learning Center (LLC) at Tyson 
(named for its location in the Tyson 
Valley near Eureka, Mo.) is on its 
way toward meeting the Living 
Building Challenge, while also dem-
onstrating Washington University’s 
commitment to sustainability.

As the environmental field sta-
tion of the university, much of the 
research at Tyson focuses on sustain-
able ecosystem studies and the resto-
ration of midwestern biodiversity in 
the form of prairies, ponds and Ozark 
glades (small pockets of desert-like 
prairie habitat surrounded by forest). 
Similarly, the Living Learning Center 
has a theme of restoration, having 
been sited on an asphalt parking lot 
that has been replaced with pervious 
concrete walkways, native landscap-
ing and a rain garden.

The restoration theme is evident 
in some of the building materials, 
as well. Eastern red cedar siding 
and sugar maple flooring came from 
trees harvested at Tyson — within 
two miles of the building site — as 
part of a habitat restoration proj-
ect. These trees were designated 
to be removed for research, but 
were incorporated into the Living 
Learning Center as a sustainable 
and local source of wood.

Many of the requirements of the 
Living Building Challenge are 
closely linked to the mission and pro-
gram of the Tyson Research Center. 

T
he answer became clear 
with the decision to pur-
sue certification through 
the Living Building 

Challenge. The program sets one of 
the highest bars for green building 
certification, including requirements 
for zero net energy and water use 
over the course of a year. 

This was a challenge, but it was 
also seen as an opportunity to inte-
grate the design of a new building 
with Tyson Research Center’s mis-
sion of environmental research and 
sustainability. Today, the Living 

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

Name Tyson Living Learning Center

Location Eureka, Mo.

Owner Washington University in St. 
Louis — Tyson Research Center

Principal Use Office, education, 
research station 
  Includes Computer lab, classroom, 

administrative offices

Employees/Occupants Students, 
staff, visitors (four regular occupants, 
up to approx. 50 visitors/students  
during events)

Gross Square Footage 2,968 ft2

 Conditioned Space 2,728 ft2

Total Cost $1,500,000
 Cost Per Square Foot $505

Substantial Completion/Occupancy 
Completed end of May 2009,  
occupied early June 2009

Occupancy 100% 

W A S H I N G T O N  U N I V E R S I T Y ’ S  T Y S O N  L I V I N G  L E A R N I N G  C E N T E R

When the need arose for a new building at Washington University’s 

environmental research and education center outside of St. Louis,  

it was a foregone conclusion that sustainability and energy efficiency 

would be priorities. The only question was, “How green?” 

Nature’s 
Way

B Y  D A N I E L  F.  H E L L M U T H ,  A I A ;  

K E V I N  G .  S M I T H ,  P H . D . ;  

D E B O R A H  S I N G E R  H O W A R D ;  

A N D  M AT T  F O R D ,  P. E . 

C A S E  S T U D Y

The Tyson Living Learning Center 
building team hired a local art-
ist to create an aluminum rain 
flower rain chain. The chain 
directs rainwater from the lower 
roof into a rain barrel, which can 
be connected to a hose and used 
to water landscaping. Harvested 
rainwater from the south roof is 
collected and filtered to provide 
the building’s domestic water.

A sign for the center was created by 
a Tyson staff member from a piece of 
storm-fallen walnut. 
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electrical demand under good con-
ditions, it was clear that electricity 
would be needed from the grid dur-
ing certain times, such as at night 
and during the short cold days of 
winter. Meeting the goal of zero 
net energy requires paying back 
any electrical debt incurred during 
these times. 

A net metering agreement with 
the local utility company, Ameren 
UE, provides energy from the grid 

when needed and allows the LLC 
to pay off this debt with surplus 
PV production sent back to the 
grid. The goal is a zero balance 
over the course of a year, which 
would meet the Living Building 
Challenge requirement for net 
zero energy.

During the winter of 2009, the 
building performance monitoring 
indicated that electrical production 
was lagging behind consumption, 
so an additional 3.1 kW from solar 
panels that had been taken out of 
the project during value engineering 
was added. In addition, two visually 
captivating, pole-mounted dual-axis 
solar arrays that move with the sun’s 
position were added in spring 2010, 

Annual Energy Use Intensity (Site)  
27.9 kBtu/ft2

 Electricity 27.9 kBtu/ft2

Renewable Energy (Produced) 
25.85 kBtu/ft2

Annual Net Energy Use Intensity 
2.05 kBtu/ft2

Annual Source Energy 6.85 kBtu/ft2

Annual Energy Cost Index (ECI) 
$0.135/ft2 

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

Roof
Type Combination standing seam metal 
roof/thermoplastic polyolefin (TPO) 
membrane
Overall R-value R-30
Reflectivity SRI 110, reflectance is 0.79

Walls
Type Wood frame
Overall R-value R-28.5
Glazing percentage 20.4%

Basement/Underfloor
Basement wall insulation R-value  
Noninsulated
Underfloor insulation R-value R-37

Windows
U-value 0.48
Solar Heat Gain Coefficient (SHGC) 0.065

Location
Latitude 38° 31’ 34.00” N

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

The back deck and bleacher seating area 
serve as additional teaching areas for the 
many educational programs held at the cen-
ter. A constructed streambed with layers of 
gravel, dirt and drainage fabric allows storm 
water to slowly percolate into the ground 
rather than flowing off the site.

The next version of the Living Building 
Challenge will require projects to set aside 
a portion of the development for urban agri-
culture. Compost from the Living Learning 
Center’s composting toilets will provide 
fertilizer for the garden, which is across the 
street from the center.
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World
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and Solar.
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aimed to reduce costs while pre-
serving the program requirements 
and Living Building Challenge 
requirements.

In December 2009, performance 
monitoring of the LLC indicated 
that energy consumption was going 
to be 25% to 35% above energy 
model predictions. Items such as 
high infiltration, HVAC inefficien-
cies stemming from an operation 
schedule that did not match occu-
pant building use, and lower than 
planned building envelope insulation 

Energy Challenges
High performance buildings are not 
“plug and play,” and the importance 
of building siting, predictive energy 
modeling, building envelope optimi-
zation, performance monitoring and 
commissioning increases with the 
level of performance. Similarly, all 
buildings have trade-offs, and trade-
offs that might go unnoticed in con-
ventional buildings become critical 
in high performance buildings. 

In this case, planning and con-
struction had to be completed in 
seven months, a schedule compli-
cated by winter weather. Budget 
constraints prompted an aggressive 
value engineering review, which 

bringing the total maximum rated 
power up to 23.1 kW. With these 
additions, the building is projected 
to meet the net zero energy target. 

The data collected so far indi-
cate, as expected, that the LLC 
is net energy negative (consumes 
more than it produces) during 
the colder, darker winter months 
and is net energy positive during 
temperate fall and spring months. 
During the summer of 2009 the 
LLC was slightly energy nega-
tive, but with improvements to the 
photovoltaic production, building 
envelope and HVAC operations, 
the LLC has been energy neutral 
during summer 2010.

Water Conservation All water required 
for building use is collected from the 
roof and stored in a 3,000 gallon 
underground tank where it is treated 
through both particulate and UV bacte-
rial filtration. Water is then safe for 
potable use and is tested monthly.

Composting toilets require no water for 
flushing and break down waste through 
aerobic reaction resulting in composted 
waste that can be used for fertilizer.

Graywater from the sinks is collected 
in a dosing basin where it is dispersed 
through an engineered graywater sys-
tem and infiltration garden located on 
the site.

Recycled/Salvaged Materials Many of 
the products used on the project were 
salvaged from other buildings. The 
doors were purchased from a salvaged 
source and refinished. The hallway 
light fixtures were removed from an 
old St. Louis school. Door hardware 
and other fixtures were salvaged from 
the university.

The eastern red cedar siding and 
hardwood floor were milled from trees 
that were removed from the site. The 
eastern red cedar trees were removed 
as part of an ongoing habitat restora-
tion program at Tyson. The wood used 
for flooring and trim was acquired from 
trees that fell during storms on Tyson’s 
property. Some species used include 
hickory, ash, maple and walnut.

Daylighting The building design 
reduces the use of artificial light dur-
ing the day. Clerestory windows bring 
in adequate light in the computer lab 
and classroom. All regularly occupied 
spaces are located on a perimeter  
wall and have direct views and daylight  
from windows.

Individual Controls Operable windows, 
local lighting and HVAC controls 

Offsetting Building Impact The con-
struction carbon footprint was offset 
through the purchase of carbon cred-
its. A habitat equal to the size of the 
project site has been purchased by the 
client and will remain untouched for the 
life of the building.

Renewable Energy The building’s 
energy needs are projected to be fully 
met by photovoltaic arrays with a total 
maximum rated power of 23.1 kW.

KEY SUSTAINABLE FEATURES N AT U R A L  W A S T E  M A N A G E M E N T

E L E C T R I C I T Y  C O N S U M P T I O N ,  P R O D U C T I O N  

J U N E  2 0 0 9 – J U N E  2 0 1 0

Electricity  
Consumption 

kWh

PV (max. rated 
power)  

kW

Electricity 
Production 

kWh

Surplus 
(Deficit) 

kWh

June 1,602 17.2 1,012 (590)

July 2,387 17.2 1,830 (557)

Aug. 2,040 17.2 1,810 (230)

Sept. 958 17.2 1,612 654 

Oct. 920 20.3 1,114 194 

Nov. 1,238 20.3 1,311 73 

Dec. 3,949 20.3 780 (3169)

Jan. 1,617 20.3 967 (650)

Feb. 2,377 20.3 1,209 (1168)

March 2,152 20.3 1,887 (265)

April 610 20.3 2,202 1592 

May 1,103 23.1 2,300 1197 

June 2,553 23.1 2,689 136 

Total 23,506 20,723 (2193)

RAINWATER IN HUMAN NUTRIENT IN

CONVERTED
LIQUID NUTRIENT

BUILDING ENVIRONMENT

NUTRIENT  
CONVERTER

SITE ENVIRONMENT

COMPOSTED  
SOLID NUTRIENT

TYSON ORGANIC  
VEGETABLE GARDEN

TYSON LANDSCAPING

HUMAN
CONSUMPTION

RAINWATER  
PROCESSOR

Tyson Living Learning Center relies on natural sources and processes for its domestic 
water and waste management. Rainwater is purified on site and is used to meet all 
domestic water needs. Bacteria break down human waste and convert the waste into 
nutrients that are used as fertilizers. When people consume and process the food from 
the fertilized plants, the waste cycle starts again.

Above This dual-axis solar tracking panel 
moves with the sun throughout the day and 
returns to its original position at night. The 
roof PV panels were not sufficient to meet 
the building’s power needs, so two highly 
efficient solar-tracking panels were added. 

Left Photovoltaic panels are secured to the 
south roof using clips, creating a modular 
installation process. The standing seam 
galvanized aluminum roof provides ventila-
tion beneath the panels. 

L I V I N G  B U I L D I N G 

C H A L L E N G E

This performance-based green building 
certification was developed by Jason 
McClelland and the Cascadia Green 
Building Council, and is now managed 
by the International Living Building 
Institute. The Living Building Challenge 
(LBC) sets one of the highest known 
bars for sustainability and poses the 
challenge “what if we build a build-
ing that produces its own power and 
water, is climate-neutral, supports local, 
regional, nontoxic materials and is both 
beautiful and inspirational.”

The LBC is comprised of seven perfor-
mance areas (site, water, energy, health, 
materials, equity and beauty) with a 
total of 20 imperatives.

The Tyson Living Learning Center is one 
of the first completed registered projects 
in the world and is pending certification.

For more information, see 
http://ilbi.org/the-standard/version-2-0.

N U T R I E N T  C Y C L E

C O M P O S T I N G  P R O C E S S
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The composting toilets mimic the process of waste decomposition that occurs in nature. 
Aerobic bacteria break down the waste as it is filtered through wood chips. Stablized 
liquid nitrogen is pumped to a 50-gallon tank where it is emptied manually and used as 
fertilizer. Finished solid compost slides to the bottom of the composter and will be used 
to fertilize the nearby Tyson vegetable garden. Although staff did not initially like the 
idea of a composting toilet, no problems or odors have been reported. 
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that were causing the energy short-
fall and then tracked the results 
of these changes. Building opera-
tors added insulation, sealed and 
caulked areas of air infiltration, 
adjusted the energy recovery unit 
to match the building’s operational 
schedule, and added an auxiliary 
heat backup for one classroom.

This energy shortfall emphasizes the 
need for predictive energy modeling 
during the design phase, which has 
been a repeated theme as the building 
industry pursues more NZEBs. 

Importance of Modeling
Due to the cost of meeting net zero 

energy, the estimated energy use must 
be balanced with the actual efficiency 
of the envelope and use of the build-
ing. This type of modeling is different 
than the typical energy modeling 
required for a LEED project, which 
targets a certain percentage of energy 
savings above a base building. 

Modeling for a net zero project 
requires precise building performance 
predictions, which inform size of 
renewable energy sources, such as a 
PV array. These projects also require 

well and has consistently passed the 
monthly water quality tests.

The rainwater harvesting potable 
water system consists of collection 
gutters, a 3,000 gallon buried cistern, 
and a recirculating filtration system. 
Water collected off the main south-
facing roof circulates for six hours a 
day and is filtered and treated with 
UV irradiation before it is used. 

Less than 1 in. of rainfall is 
required per month to meet the 
LLC’s domestic water requirement. 
Any excess water is discharged and 
recharges the groundwater in a con-
structed streambed channel. 

Graywater is collected in a dosing 
tank and is discharged at a prede-
termined volume into a graywater 
infiltration garden. A key to meeting 
the requirement of net zero water 
was the inclusion of composting toi-
lets, which require very little water 
and make the threshold of net zero 
water much easier to achieve.

A flame retardant in the structural 
insulated panel was excluded by the 
Living Building Challenge’s Red 
List of prohibited materials. Also, 
St. Louis County did not include the 
panels in its list of approved build-
ing materials. 

Master planning considerations 
prompted a decision during the 
design phase to position the build-
ing on piers, which increased the 
surface area of energy loss through 
the envelope. 

Changing the building envelope 
also increased the building’s heating 
and cooling loads. The HVAC system, 
which uses a variable refrigerant 
heat pump, consumed more energy 
than expected, which was partly due 
to an incorrect system setup.

The building team shifted build-
ing location mid-design after further 
evaluation showed that even morn-
ing shadows could significantly 
hinder PV production. Despite the 
repositioning and post-construction 
tree trimming, shading has slightly 
affected PV production. These defi-
ciencies underscore the critical role 
that building envelope design and 
good construction methods play in 
building energy consumption.

As soon as Washington University 
understood its energy use trajectory, 
the design and construction team 
and the university worked collab-
oratively to correct the deficiencies 

including occupants in discussions 
of building performance and the 
goal of NZEBs is not only crucial 
to meeting energy targets, but also 
aligns with the philosophy of the 
Living Building Challenge.

Net Zero Water
Although meeting St. Louis County 
code was a major hurdle, achieving 
net zero water has been an easier 
challenge than the net zero energy. 

During construction the design 
team found that a “packaged” 
potable water processing system did 
not meet the combined requirements 
of the Living Building Challenge. A 
customized rainwater harvest system 
was designed instead, which required 
more adjustment during occupancy 
to iron out minor operational issues. 

An initial failure of water quality 
tests was traced back to an over-
sight of not cleaning and flushing 
the storage water tank before filling. 
The system has since functioned 

values contributed to the higher than 
expected energy consumption. 

For example, cost, building code, 
and Living Building Challenge 
requirements prompted the design 
team to change the building enve-
lope from structural insulated pan-
els to frame construction, resulting 
in inferior building performance. 

closer coordination between team 
members and a more in-depth under-
standing of different ways the build-
ing is likely to be used. Modeling is 
not presently a requirement of the 
Living Building Challenge, but the 
team, including the university, would 
not undertake this type of project 
again without including high-level 
detailed modeling.

Although building commissioning 
can address many performance issues, 
building owners and managers must 
be prepared for the time and effort 
that must go into performance moni-
toring. Smart building controls also 
are critical, especially in buildings 
with a high diversity of building users.

Another critical piece to the 
puzzle of a successful NZEB is 
occupant education. All of the end 
users play a role in building perfor-
mance and need to be cognizant of 
the building’s features. The Living 
Building Challenge is designed to 
change the way building occupants 
think about and use buildings, so 

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

Washington University will most likely 
not use composting toilets for many of 
the buildings on the university’s main 
campuses. They are difficult to install in 
existing buildings because they require 
the addition of a chamber below the 
fixture. Municipal codes and cultural 
norms — people expect to find flush-
ing toilets in buildings — also present 
challenges. However, a new composting 
toilet model that is available in a self-
contained unit might be practical for 
construction sites since it can be used 
as a temporary toilet inside a building.

The LLC demonstrated the difficulties 
that can arise when basic rather than 
high-level detailed energy modeling of 
the building envelope is performed. The 
university is taking the LLC commission-
ing difficulties seriously and is seeking 
more expertise to design an energy-
efficient envelope at the beginning of 
any significant construction project. 

The university will include 30-year oper-
ating costs in its calculations of upfront 
costs, which fundamentally change 
the calculus of value engineering and 
emphasize building performance. 
This change will encourage the use of 
increased energy-efficiency measures 
that have higher costs of installation, 
but cost less to operate.

The Tyson Research Center encompasses 
2,000 acres in Missouri’s Ozark hills. The 
construction of the Living Learning Center 
coincided with the removal of invasive tree 
species from the Tyson property. Eastern red 
cedar trees, which are considered invasive 
when growing in the main part of the for-
est canopy rather than on the border, were 
removed, milled and used as siding for the 
Living Learning Center. 

Wood used in the building’s siding, eaves 
and floors was harvested from the Tyson 
Research Center’s 2,000 wooded acres. 
Eastern red cedar siding provides a durable 
exterior while maple composes the eaves 
under the overhang.

R A I N W AT E R  F O R  D O M E S T I C  U S E

© Solutions AEC

GUTTER AND DOWNSPOUT

FIRST FLUSH DIVERTER

STORAGE TANK

ULTRAVIOLET LAMP

PUMP WITH EXPANSION TANK

TO FIXTURES WITH  
FINAL FILTRATION

SEDIMENTATION AND  
CARBON FILTERS

Rainwater, which is diverted from the 
south roof into a 3,000 gallon under-
ground tank, supplies 100% of the build-
ing’s domestic water needs. The first 
flush diverter is designed to limit the 
amount of solids and debris passing into 
the tank. Water from the tank is filtered 
and irradiated before it is used as potable 
water in the building. Periodic cleaning 
removes solids and other materials that 
have bypassed the first flush diverter.
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Net Zero Environmental 
Impact
A series of offsets, materials restric-
tions, solar energy, and other 
requirements of the Living Building 
Challenge begin to address the 
ultimate goals of net zero environ-
mental impact, but improvements 
always can be made. 

Version 2.0 of the Living Building 
Challenge adds a requirement for 
urban agriculture, which the Living 
Learning Center coincidentally 
already achieves. Building opera-
tors use the liquid nutrients from the 
composting toilets on surrounding 
plants and plan to use the compost in 
the nearby Tyson vegetable garden. 

Carbon offsets through the Bonn-
eville Environmental Foundation 
balance out the construction carbon 
footprint, while a habitat exchange 
program through the Nature Conser-
vancy accounts for the habitat taken 
up by the building footprint. 

The Living Building Challenge 
requires local sourcing of materials, 
setting a wider radius for low-density 
material sources and a smaller 
radius for high-density materials. 
These requirements help reduce 

research experience in environmental 
biology, and the Tyson Environmental 
Research Fellowship immerses 11th 
and 12th grade students with these 
research teams in the field. Housing 
the programs in a Living Building 
Challenge-registered building con-
tributes to the mission of increasing 
interest in environmental studies.

The building is a living labora-
tory that draws on the surrounding 
environment for its energy, water 
and waste management, and demon-
strates strategies for achieving the 
next level of sustainability. •

environmental impact due to transpor-
tation distance and aid local industry. 
The Living Building Challenge’s 
Materials Red List excluded the use 
of some of the more common toxic 
building materials to eliminate their 
introduction into the environment.

All roof storm water that is not 
used for rainwater harvest is col-
lected in a small rainwater bar-
rel for site irrigation, allowed to 
infiltrate through a rain garden, or 
diverted to a constructed streambed, 
each of which clean and absorb 
storm water on site and recharge the 
groundwater. Storm water that filters 
through the site’s pervious concrete 
also is diverted to the rain garden. 

The Learning Laboratory
The educational function of the 
building has exceeded expectations. 
The building hosts many educational 
events, including the Tyson Summer 
Seminar Series, which is open to 
the public every Thursday evening 
and features food from the grounds, 
including the adjacent garden. 

Two of Tyson’s key programs served 
as a driving force for the Living 
Learning Center, which serves as their 
base of operations. The Tyson Summer 
Undergraduate Research Fellowship 
program provides Washington 
University students with advanced 

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

Daniel F. Hellmuth, AIA, LEED AP, is 
a principal at Hellmuth + Bicknese 
Architects in St. Louis. 

Kevin G. Smith, Ph.D., is associate 
director at Tyson Research Center, 
Washington University in Eureka, Mo.

Deborah Singer Howard is special 
assistant to the Office of the Executive 
Vice Chancellor of Administration at 
Washington University in St. Louis.

Matt Ford, P.E., LEED AP, is a principal at 
Solutions AEC in St. Louis.

B U I L D I N G  T E A M

Building Owner/Representative  
Washington University in St. 
Louis – Tyson Research Center

Architect, Living Building Challenge 
Consultant Hellmuth + Bicknese 
Architects: Daniel Hellmuth

General Contractor 
Bingman Construction Co.

Mechanical Engineer 
Solutions AEC: Matt Ford

Electrical Engineer 
Solutions AEC: John Dillaplain

Energy Modeler Solutions AEC

Structural Engineer ASDG: Lee Cooper

Civil Engineer Williams Creek Consulting

Landscape Architect 
Lewisites: Anne Lewis

Operable garage doors and clerestory win-
dows provide daylight and ventilation to the 
main classroom on the north side of the 
building. Plans call for adding a switch that 
will automatically turn off air conditioning 
when the garage doors open.

Richard Reilly

Since its first printing, the ASHRAE GreenGuide has been invaluable reference for architects, building  

owners, building managers/operators and contractors–everyone in the building industry who needs 

to understand the technical issues of high-performance design. Using an integrated building systems 

perspective, the ASHRAE GreenGuide covers the entire building life cycle step-by-step, from the planning 

stages all the way through construction, operation, maintenance, and eventual demolition. It emphasizes 

teamwork and close coordination between interested parties–factors that are both critical to effective 

and efficient execution but typically overlooked “in the heat of things”.

ORDER  TOLL-FREE  AT  1-800-527-4723  (US/CANADA) (404) 636-8400  
(WORLDWIDE)  OR  VISIT  WWW.ASHRAE.ORG/BOOKSTORE

ASHRAE GreenGuide
The Design, Construction, and Operation  
of Sustainable Buildings

Representing the collected experience and  

knowledge of a host of field experts, this second  

edition of the ASHRAE GreenGuide includes:

• A new chapter on LEED guidance for  
mechanical engineers

• A new chapter on building systems’ effect on  
the local indoor and outdoor environment

• 20 new greentips (39 in all), including a new  
version of the greentip focusing on specific  
building types

• Chapters organized to mirror an actual project’s 
path, from predesign to post-occupancy

• Added content in every chapter, with significant 
updates in building automation systems, renewable 
energy options, CHP and GSHP systems, and  
construction issues

• New graphs, photographs, renderings, and  
diagrams providing a more complete overview  
of subject matter

• Green design techniques for related technical  
disciplines, such as plumbing and lighting

• A discussion of the interactions and cross influences 
of mechanical systems, electrical systems, and  
architectural design

• References, for further information

Dual units; hardcover; 6 x 9 in.; 392 pp; 2008;  
ASHRAE/Butterworth-Heinemann/Elsevier
Price: $83.95 (ASHRAE Member: $71.00)
Product code: 90322
ISBN: 978-1-933742-07-0
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