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THIS MONTH’S article by Doug
Reindl, Ph.D., P.E., traces the development of Standard 15, which is directed
toward the safety of people and property on or near refrigeration systems.
The article describes many of the technical changes that have occurred over
the last 100 years as the refrigeration
industry migrated to different refrigerants and technologies.
“No other refrigeration safety standard has the legacy of Standard 15 and
none other has protected more people
from refrigerant-related impacts,”
writes Reindl.
The article also covers Standard 15’s
contribution to how standards are to
be developed. Many are still used by
ASHRAE.
“From the outset, ASRE recognized
that the task of refrigeration system

safety would never be finished so they
established a permanent body,” says
Reindl.
This body developed defined procedures for periodic updates, for
responding to interpretation requests,
and for creating a document that could
be turned into a safety code that could
be adopted by cities and states.
Another vestige is the concept and
process to maintain a balanced committee of stakeholders. By 1926, the
then 40-member committee had categories for manufacturers, end-users,
employees, insurers, government and
more.
“The concept of balancing interested
parties as members… is one of the
founding pillars for ASHRAE committees responsible for developing its standards today,” says Reindl.
TODAY, some 1,500 volunteers maintain ASHRAE’s 111 voluntary consensus
standards. Some 55 are methods of test,
45 are protocol and rating standards,
and 11 are standards of design or practice such as Standards 90 and 62.
In addition, project committees are
working on 22 new standards and four
guidelines.
Collectively, ASHRAE’s standards and
guidelines help ensure comfortable,
safe, healthy, productive and energy
efficient environments, and continue
to be ASHRAE’s most important contribution to the industry and society as a
whole.
We hope you enjoy this edition.
Comments and suggestions are always
welcome.

ASHRAE Journal reviews current HVAC&R technology of broad interest through publication of applications-oriented articles. Content ranges from back-to-basics features to reviews of emerging technologies.
4

ASHRAE JOURNAL

ashrae.org

N OVEM BER 2014

www.info.hotims.com/49810-1

‘The Helix’ will
include a supermarket, commercial
kitchen and more.

Emerson Building
Research ‘Hub’
DAYTON, Ohio—Emerson
Climate Technologies is
building a $35 million
innovation center on the
University of Dayton campus to create a real-world
proving ground for new
HVAC&R technologies.
The new Emerson
Innovation Center, aka “The
Helix,” is planned to open in
late 2015 and will include:
• A 2,500 ft2 (230 m2)
model supermarket.

• A fully operational
1,500 ft2 (140 m2) commercial kitchen.
• A fully functional twostory, three-bedroom home
with ambient temperature
control to simulate seasons
and climates.
• 1,000 ft2 data center
space. Source: Emerson

Data Center Heats
Building
SEATTLE—In what is believed
to be a first-of-its-kind
system, Amazon will use

the waste heat from a large
data center to provide much
of the heat in its high-rise
campus under construction
in downtown Seattle. Once
it’s implemented, Amazon
will save three-quarters of
the electricity it would have
bought for heat otherwise,
according to McKinstry, a
Seattle construction and
energy services company
working on the project.
Amazon will begin by heating its offices in the 34-story
former Westin Building.
The company is planning
the eventual creation of
a “heating district”—several buildings that will be
heated using the waste
heat of the data center.
The “heating district” will
consist of several buildings

www.info.hotims.com/49810-36
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Tallest
In West
NEW YORK—A
new skyscraper
muscling its way to
the top of New York’s
skyline will become
the tallest residential
building in the Western
Hemisphere, and the
third-tallest building
in the U.S. Standing at
1,396 ft (426 m), 432 Park
Avenue is taller than
One World Trade Center
without the spire. The
$2.9 billion condominium tower opens in 2015.
Source: Architectural Digest

on the three-block Amazon
campus. Source: Bizjournals.com

IMAGE COURTESY OF DBOX FOR CIM GROUP & MACKLOWE PROPERTIES

INDUSTRY NEWS

INDUSTRY NEWS

2013 Version of 90.1
New National Standard
ATLANTA—The U.S. Department of Energy
(DOE) has established ANSI/ASHRAE/
IES Standard 90.1-2013, Energy
Standard for Buildings Except Low-Rise
Residential Buildings, as the commercial
building reference standard for state
building energy codes.
The ruling comes after the DOE
determined that the 2013 version of
Standard 90.1 will provide 8.5% source
energy savings and 7.6% site energy
savings over the 2010 version of 90.1.
In an announcement in the Sept. 26
edition of “The Federal Register,” DOE
attributes the greater energy savings
to improvements, including better
lighting, fans, commercial refrigeration, boilers and controls.
The determination means that
states are required to update their
codes to meet or exceed the 2013
standard within two years. Currently,
states must meet or exceed the 2010
standard, which serves as the commercial building reference standard
for state building energy codes under
the federal Energy Conservation and
Production Act.
DOE noted that the 2013 standard
contains 52 positive impacts on energy

efficiency that were incorporated into
the analysis. These impacts include:
• Control requirements for lighting
alternations,
• New requirements for individual
fans,
• Reduction of energy use for large
boilers,

• Reduction of fan energy use,
• New efficiency requirements for
commercial refrigeration,
• More lighting controls in more
spaces and decrease time to automatically reduce or shut off lights, and
• Reduction of lighting power density in most building types. Source: ASHRAE

Briefly
BASSANO DEL GRAPPA, Italy—European trade show
organizer Climaveneta has opened two subsidiaries to increase its presence abroad.
“OOO Climaveneta” is based in Moscow and
will oversee operations in Russia and Euroasian countries. “Climaveneta Middle
East” will be responsible for UAE and the
Gulf region. Source: Climaveneta
ATLANTA—A new white paper from the Indoor Air Quality Association (IAQA) provides guidance on the proper use of negative air machines (NAMs) in large-scale
mold remediation projects. According to
the paper, HEPA-filtered NAMs establish a
negative pressure differential between the
work area and adjacent spaces, which protects workers as well as building occupants.
The paper is available as a free download at
www.iaqa.org/whitepaper. Source IAQA
www.info.hotims.com/49810-34
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LETTERS

Overestimating Savings
In July’s article “Overestimating Energy and Cost Savings
of Installing VFDs” by Adam K. Wolfe, Ph.D., P.E., the
software used for the study uses fan efficiency, motor efficiency, percent of rated flow and percent time at flows,
annual operating time and cost of electrical energy. There
is no mention of static pressure required at various flows.
I assume the fan is a backward inclined centrifugal or
a variation. Some systems have a static pressure requirement that changes more slowly than flow requirement. If
a fan is operating at 80% or 90% of its peak pressure, speed
reduction will be driven by static pressure, rather than
flow requirement. VAV boxes may have a minimum inlet
static pressure requirement such that the system requires
80% of full speed static pressure when operating at 30%
flow. Since static pressure varies as the square of fan speed,
a 10% speed reduction is the most the system will tolerate
(given the energy used by the VFD, the input energy to the
VFD may exceed what the fan previously required).
Dust exhaust systems should provide a constant flow
through each open damper. That means the pressure
where the branch connects to the main duct must remain
constant. Thus, even when the required flow has dropped
by 50%, the required static pressure might have dropped
only 20%. Fan speed can only be reduced by 10%.
An inlet vane damper may offer more savings than a
VFD. A partly closed inlet vane damper reduces flow and
power without reducing peak static pressure.

analysis takes static pressure into consideration (Figure 2,
Bubble 1), via use of fan curve data. This article does not
provide a detailed discussion on fan design and operation.
Adam K. Wolfe, Ph.D., P.E., Member ASHRAE, Washington, D.C.

Don’t Take Tools on a Plane
In a recent conversation with an FAA official, I discovered
companies that service equipment and take tools on planes
are increasingly being fined for rules violations. One small
mistake can result in a large fine. We found out the hard
way with a small cylinder of MAP gas forgotten in a tool bag
checked as luggage. That mistake led to 11 infractions in 11
areas in the Code of Federal Regulations. Fines were levied
for each infraction, adding up to a considerable sum.
A lot of valuable information on the FAA website can
aid in training. We fell into the trap of being comfortable with air travel regulations and made a preventable
mistake. I hope learning about our mistake can help my
fellow ASHRAE members avoid a similar error.
Jon J. Cohen, Member ASHRAE, Palatine, Ill.

Ed Chessor, P.Eng., Life Member ASHRAE, Vancouver, BC, Canada

The Author Responds
From your letter, it appears we are on the same page
with respect to VFD operations and savings. However,
the boiler-burner fan environment and operation are
different, force-draft fan versus VAV boxes and dust
exhaust systems. In general, the designer has designed
the fan-motor set for the proper boiler-burner, controls,
and ductwork systems. Although the design is adequate,
the operational personnel were not operating the system
per normal operating procedures.
The boiler-burner system in a central heating system
operates at a steady modulating load and near the equipment capacity to match the demand. Therefore, one
should ensure proper operations prior to installing additional equipment such as VFDs or any other energy and
water saving equipment to keep ownership cost down.
With respect to static pressure, the software used for the
www.info.hotims.com/49810-2
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MEETINGS AND SHOWS

FULL CALENDAR: WWW.ASHRAE.ORG/CALENDAR

2014
DECEMBER
HARDI Annual Conference, Dec. 6 – 9, San Antonio. Contact the Heating, Air-conditioning & Refrigeration Distributors International at 614-3454328, hardimail@hardinet.org, or www.hardinet.
org.

2015
JANUARY
Building Innovation 2015, Jan. 12 – 15, Washington, D.C. Contact the National Institute of Building
Sciences at 202-289-7800, nibs@nibs.org, or www.
nibs.org/conference2015.
ABMA Annual Meeting, Jan. 16 – 19, Carlsbad,
Calif. Contact the American Boiler Manufacturers
Association at 703-356-7172 or www.abma.com.
ASHRAE Winter Conference, Jan. 24 – 28, Chicago. Contact ASHRAE at 800-527-4723 or meetings@
ashrae.org.
International Air-Conditioning, Heating, Refrigerating Exposition (AHR Expo), Jan. 26 – 28, Chicago. Cosponsored by ASHRAE and AHRI. Contact
International Exposition Company at 203-221-9232
or www.ahrexpo.com.

FEBRUARY
CTI Annual Conference, Feb. 8 – 12, New Orleans.
Contact the Cooling Technology Institute at 281583-4087, vmanser@cti.org, or www.cti.org.
AAMA Annual Conference, Feb. 15 – 18, Fort.
Lauderdale, Fla. Contact Kaydeen Laird at the
American Architectural Manufacturers Association at 847-303-5664, klaird@aamanet.org, or
www.aamanet.org.

MARCH
MCAA Annual Convention, March 8 – 12, Wailea,
Hawaii. Contact Cynthia Buffington, Mechanical
Contractors Association of America, at 301-8695800, cbuffington@mcaa.org or www.mcaa.org/
mcaa2015.
ACCA 2015, March 16 – 19, Grapevine, Texas. Contact the Air Conditioning Contractors of America at
703-575-4477 or www.acca.org.
IIAR Industrial Refrigeration Conference and
Exhibition, March 22 – 25, San Diego. Contact the
International Institute of Ammonia Refrigeration at
703-312-4200, info@iiar.org, or www.iiar.org.

APRIL
NEBB Annual Conference, April 16 – 18, Honolulu.
Contact the National Environmental Balancing
Bureau at 301-977-3698 or www.nebb.org/events.
IARW-WFLO Annual Convention and Expo, April
25 – 29, Orlando. Fla. Contact the Global Cold Chain
Alliance at 703-373-4300, email@gcca.org, or www.
gcca.org/events.

MAY
Lightfair International, May 3 – 7, New York. Contact organizers at 404-220-2220, info@lightfair.
com, or www.lightfair.com.

AHRI Spring Meeting, May 5 – 7, Crystal City, Va.
Contact Air-Conditioning, Heating, and Refrigeration Institute at 703-524-8800, ahri@ahrinet.org,
or www.ahrinet.org.
AIA Convention 2015, May 14 – 16, Atlanta. Contact the American Institute of Architects at 800242-3837, infocentral@aia.org, or www.aia.org/
convention.
AIHce 2015, May 30 – June 4, Salt Lake City. Contact
Lindsay Padilla at the American Industrial Hygiene
Association at 703-846-0754, lpadilla@aiha.org, or
www.aihce2015.org.

JUNE
ASHRAE Annual Conference, June 27 – July 1,
Atlanta. Contact ASHRAE at 800-527-4723 or
meetings@ashrae.org.

SEPTEMBER
ACEEE National Conference on Energy Efficiency as a Resource, Sept. 20 – 22, Little Rock, Ark.
Contact the American Council for an Energy-Efficient Economy at 202-507-4000 or www.aceee.org/
conferences/2015/eer.

OCTOBER
IFMA’s World Workplace, Oct. 7 – 9, Denver. Contact the International Facility Management Association at 713-623-4362, events@ifma.org, or www.
ifma.org.

NOVEMBER
AHRI Annual Meeting, Nov. 15 – 17, Bonita Springs,
Fla. Contact Air-Conditioning, Heating, and Refrigeration Institute at 703-524-8800, ahri@ahrinet.
org, or www.ahrinet.org.

2016
JANUARY
ASHRAE Winter Conference, Jan. 23 – 27, Orlando, Fla. Contact ASHRAE at 800-527-4723 or
meetings@ashrae.org.
International Air-Conditioning, Heating, Refrigerating Exposition (AHR Expo), Jan. 25 – 27, Orlando, Fla. Cosponsored by ASHRAE and AHRI. Contact International Exposition Company at 203-2219232 or www.ahrexpo.com.

OCTOBER
ASPE Convention and Exposition, Oct. 27 – Nov. 4,
Phoenix. Contact the American Society of Plumbing Engineers at 847-296-0002, info@aspe.org, or
www.aspe.org.

OUTSIDE NORTH AMERICA
2015
FEBRUARY

CALLS FOR PAPERS
ASHRAE JOURNAL
ASHRAE Journal publishes applicationsoriented articles that are 3,000 or fewer
words. Graphics are encouraged. All articles are subject to editorial and peer
reviews and cannot have been published previously. Authors should submit abstracts before sending articles to
Fred Turner, Editor, ASHRAE Journal,
1791 Tullie Circle NE, Atlanta, GA 303292305; 678-539-1210, fax 678-539-2210, or
fturner@ashrae.org.
HVAC&R RESEARCH
ASHRAE’s HVAC&R Research seeks papers on original, completed research
not previously published. Papers must
discuss how the research contributes
to technology. Papers should be about
6,000 words. Abstracts and papers should
be submitted on Manuscript Central at
www.ashrae.org. For more information,
contact Reinhard Radermacher, Ph.D.,
Editor, at raderm@umd.edu.
ASHRAE CONFERENCE PAPERS
ASHRAE seeks papers for presentation at
Society Conferences. For the 2016 Winter
Conference in Orlando, Fla., conference
paper abstracts are due March 23, 2015.
For more information, contact 678-5391137 or tcox@ashrae.org.
ACRECONF India 2015, March 20 – 21, Delhi, India.
Contact Dinesh Rawat at 991 11 41635655, ashraeic@
airtelmail.in, or www.acreconf.org.

APRIL
China Refrigeration, April 8 – 10, Shanghai.
Contact organizers at crexpo@biec.com.cn or
www.cr-expo.com.

MAY
Mostra Convegno Expocomfort Saudi, May 4 – 6,
Riyadh, Saudi Arabia. Contact Reed Exhibitions at
39 02 4351701, fax 39 02 3314348, info@reedexpo.it
or www.mcexpocomfort.it.
Advanced HVAC and Natural Gas Technologies
2015, May 6 – 8, Riga, Latvia. Endorsed by ASHRAE.
Contact Agnese Lickrastina, Riga Technical University at agnese.lickrastina@rtu.lv.

AUGUST

ACREX 2015, Feb. 26 – 28, Bangalore, India. Endorsed by ASHRAE. Contact Dinesh Rawat at 91 11
41635655, acrex2015@ishraehq.in or www.acrex.in.

Bangkok RHVAC, Aug. 14 – 16, Bangkok. Contact the
Office of Agriculture and Industrial Business Development at 66 (0) 2507 8374-8, rhvac@ditp.go.th, or
www.bangkok-rhvac.com.

MARCH

SEPTEMBER

Ecobuild, March 3 – 5, London. Contact Reetika
Ramlackhan at 44 (0)20 7560 4461, reetika.
ramlackhan@ubm.com, or www.ecobuild.co.uk.
ISH 2015, March 10 – 14, Frankfurt, Germany.
Contact 49 69 75 75 0 or www.ish.messefrankfurt.com.

Mostra Convegno Expocomfort Asia, Sept. 2 – 4,
Singapore. Contact Reed Expositions Singapore
at 65 6780 4671, fax 65 6588 3832, mce-asia@
reedexpo.com.sg or www.mcexpocomfort-asia.
com.
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90.1 and Designing
High Performance
Commercial Kitchen
Ventilation Systems
BY DON FISHER, P.ENG., ASSOCIATE MEMBER ASHRAE; AND RICH SWIERCZYNA, ASSOCIATE MEMBER ASHRAE

The energy use intensity associated with operating commercial kitchen ventilation
(CKV) systems is well recognized within the HVAC design community and food service
industry. This operating cost burden has stimulated energy efficiency design concepts
in recent years, including the application of demand-controlled kitchen ventilation
(DCKV).1 Over the past two and a half decades, ASHRAE Technical Committee 5.10,
Kitchen Ventilation, developed and maintained a robust Handbook Chapter2 while its
affiliated Standing Standards Project Committee (SSPC) 154 has promulgated ASHRAE
Standard 154, Ventilation for Commercial Cooking Operations. This standard has been a
catalyst and technical foundation for overhauling the kitchen ventilation section in
the International Mechanical Code (IMC).3 Effective 2010, ASHRAE Standard 90.1, Energy
Standard for Buildings Except Low-Rise Residential Buildings, has embraced specific requirements for commercial kitchen ventilation. Subsequently, California Title 24 incorporated similar requirements commencing in 2014.4
Unfortunately, the industry effort to increase the
energy efficiency of CKV systems has not had a corresponding impact on improving thermal comfort within
kitchens. In striving to reduce energy consumption,
engineers have had a long-standing tendency to minimize (or avoid) tempering makeup air, often compromising thermal comfort in the kitchen. Everyone (from
employees to design professionals) has acknowledged

that commercial kitchens represent a hot working
environment, but documentation of sensible and
radiant temperatures in commercial kitchens did not
exist within the public domain. In response, ASHRAE
funded a research project titled Thermal Comfort in
Commercial Kitchens5 that quantified the relatively
extreme thermal conditions in 100 commercial kitchens (Figure 1).

Don Fisher, P.Eng., is a partner at Fisher Consultants, and Rich Swierczyna is senior engineer and CKV lab manager with Fisher-Nickel, at the PG&E Food Service Technology Center
in San Ramon, Calif.
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to (°F)

The goal of this article is to discuss
the new Standard 90.1 requirements in context with designing
energy efficient CKV systems that
strive to improve comfort conditions in kitchens. Complementary
to this article is a publication by
the Department of Energy, which
also reviews the requirements in
Standard 90.1 for kitchen exhaust.6
Readers are invited to download
PHOTO 1 Laboratory setup for applying the “Mixed-Duty Appliance Line” for ASTM 1704 (with and without side
panels).9
this publication as a complement
to our perspective on high-performance CKV systems.
97
And just what does “high performance” mean with
Zones:
Cooking
Dishwashing
Preparation
93
respect to a CKV system? We believe that it means a sys90
tem where the exhaust hood completely captures and
86
82
contains cooking effluent, where the associated noise
79
levels and energy costs are minimized, and where ther75
mal comfort in the kitchen is consistent with good engi72
neering practices and workplace standards. The format
68
we have chosen for this article is to copy the appropriate
64
sections in Standard 90.1 (shown in italics), followed by
61
our interpretation and supporting industry informa57
Casual
Institutional
QSR
tion. In some cases, we also have paraphrased rational
that was included in the foreword to the public review
FIGURE 1 Average of operative temperature for kitchen type and kitchen zones
with 95% confidence interval (100 kitchens).5
draft of this addendum as it no longer resides within the
Standard.
of makeup air introduced into the hood reservoir
6.5.7.1 Commercial Kitchen Exhaust Systems
required a proportional increase in the exhaust rate
6.5.7.1.1 Replacement air introduced directly into the hood
to maintain C&C. Anecdotally, this has been referred
cavity of kitchen exhaust hoods shall not exceed 10% of the hood
to as the “bathtub” effect, where the size of the drain
exhaust airflow rate.
[exhaust collar] must to be large enough to accommoThis first requirement ends the practice of specifydate all water pouring into the tub [hood]; otherwise
ing short-circuit hoods, where large percentages (up
the tub overflows [spills].
to 80%) of the replacement (makeup) air is introduced
While the 10% value from this research (stated earlier)
directly into the hood reservoir. Research conducted by
coincides with the 10% maximum stated in 6.5.7.1.1,
the authors7 confirmed the hypothesis that air introanother reason to permit 10% of the replacement air
duced directly into the hood cavity competes directly
requirement to be supplied directly into the hood cavwith the thermal plume rising from the cooking equipity is to allow what can be described as “high-velocity,
ment, thus requiring an exhaust rate that is higher than
low-flow” air curtains. This is a design feature of some
that needed to capture and contain (C&C) this thermal
manufacturers that has been incorporated around the
plume by itself. Laboratory tests under various coninside perimeter of hoods to enhance capture and configurations of appliances and hoods demonstrated that
tainment by essentially extending the lower edge of the
when the volume of short-circuit air exceeded 10% of
hood. As such hoods may be interpreted as a short-cirthe exhaust airflow, the hood would fail to capture and
cuit design by the AHJ, the threshold limit of 10% clearly
contain. From that point on, any increase in the quantity
permits the specification of these hoods.
N OVEM BER 2014
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6.5.7.1.2 Conditioned supply air delivered to any space with a
kitchen hood shall not exceed the greater of:
a) the supply flow required to meet the space heating or cooling load
b) the hood exhaust flow minus the available transfer air from
adjacent spaces. Available transfer air is that portion of outdoor ventilation air not required to satisfy other exhaust needs, such as restrooms,
and not required to maintain pressurization of adjacent spaces.
The rationale behind this requirement is to capitalize on available transfer air (that originated as outside
air and has already been heated or cooled) as a contribution to the replacement air requirement of the
exhaust hood, potentially reducing the size and energy
consumption of the dedicated makeup air (MUA) unit.
In some cases, transfer ducts and/or fans may be incorporated within the design to meet this requirement. In
other cases a dedicated MUA unit may be a more costeffective option and the designer may need to argue
that the transfer air was not “available” from a practical
perspective. This is particularly true when the occupancy schedule of the adjacent space is not in sync with
operation of the exhaust hood.
Section 6.5.7.1.2 applies to the design of all CKV systems, regardless of airflow capacity, while the following
requirements apply only to CKV system design where
the exhaust rate exceeds 5,000 cfm (2360 L/s).
6.5.7.1.3 If a kitchen/dining facility has a total kitchen hood
exhaust airflow rate greater than 5,000 cfm then each hood shall
have an exhaust rate that complies with Table 6.5.7.1.3. If a single
hood is installed over appliances with different duty ratings, then
the maximum allowable flow rate in each section of the hood shall
not exceed the Table 6.5.7.1.3 values for the appliance duty ratings in
that section of the hood. Refer to ASHRAE Standard 154-2003 for
definitions of hood type, appliance duty, and net exhaust flow rate.
The 5,000 cfm (2360 L/s) threshold was established to
exempt smaller restaurants where the cost-effectiveness
of the energy efficiency requirements could be challenged. The “facility has a total kitchen hood exhaust
airflow rate greater than 5,000 cfm” statement replaced
“Individual kitchen exhaust hoods larger than 5,000
cfm.” This prevented the addition of multiple hoods or
hood sections individually operating beneath 5,000 cfm
(2360 L/s) to avoid the energy saving methods and specifications required in 6.5.7.1.3 and 6.5.7.1.4. for larger
capacity systems.
The exhaust airflow rates in Table 6.5.7.1.3 are 30%
below the minimum airflow rates in ASHRAE Standard
154-2003 Ventilation for Commercial Cooking Operations, for
14
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TABLE 6.5.7.1.3 Maximum net exhaust flow rate, cfm per linear foot of hood
length. (From Standard 154-2003.)
TYPE OF HOOD

LIGHT DUTY
EQUIPMENT

MEDIUM DUTY
EQUIPMENT

HEAVY DUTY
EQUIPMENT

EXTRA HEAVY DUCT
EQUIPMENT

Wall-Mounted
Canopy

140

210

280

385

Single Island

280

350

420

490

Double Island
(Per Side)

175

210

280

385

Eyebrow

175

175

Not Allowed

Not Allowed

Backshelf
Pass-Over

210

210

280

Not Allowed

Exception: a) At least 75% of all the replacement air is transfer air that would otherwise be exhausted.

unlisted hoods. While the IMC still recognizes unlisted
hoods, this airflow limitation in Standard 90.1 effectively
outlaws unlisted hoods (for systems greater than 5,000
cfm [2360 L/s]). ASHRAE research has shown that hoods
listed per UL Standard 7108 and tested per ASTM/ANSI
F17049 have exhaust rates that are at least 30% less than
those of the unlisted hoods. The following discussion
delves into this aspect, presenting third-party performance data for a number of hood designs.
Certification bodies (CBs) list and label exhaust hoods
that operate with commercial cooking appliances and
a fire extinguishing system according to Standard UL
710 Exhaust Hoods for Commercial Cooking Equipment.8 The
Standard includes a construction section and performance section. The construction requirements ensure
the hood’s integrity during a fire and fan failure. The
performance section ensures the hood’s ability to capture and contain the cooking effluent and products of
combustion under actual cooking conditions. However,
in some cases, the cooking challenge may not be as
“challenging” as some real-world conditions. As a result,
the ASTM Kitchen Ventilation subcommittee of F26 Food
Service Equipment took on a project to develop a test
method9 using enhanced flow visualization techniques
to determine the capture and containment exhaust rate
for different appliance lines and exhaust hood configurations. This test method was used as the foundation of
past CKV research projects7,10,11,12 as well as a basis for
ongoing evaluation of high-performance hoods.13
Figure 2 presents the results of third-party testing
for eight different designs of 10 ft (3 m), “listed” wallcanopy hoods in comparison with a generic “unlisted”
hood operating over a heavy-duty appliance line (twovat fryer, under-fired boiler and convection oven) in

www.info.hotims.com/49810-25
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Generic Hood
Max Overhang
Manufacturer 1
Manufacturer 2
Manufacturer 3
Manufacturer 4
Manufacturer 5
Manufacturer 6
Manufacturer 7
Manufacturer 8

5,000
Capture and Containment Exhaust Airflow Rate (cfm)

accordance with ASTM 1704. In the first set of data
the hoods are without side panels while in the second
set the hoods have partial side panels. The generic
unlisted hood did not include any of the performance
enhancing features that the high-performance hoods
incorporated (e.g., flow-enhancing flanges). Figure 2
shows that the capture and containment exhaust airflow rate for all eight of the high-performance hoods
are at or below the maximum limit of 280 cfm per
linear foot of hood (2,800 cfm total) set in Standard
90.1. The variations in the C&C exhaust rates are due
to the differences in individual hood designs. Note that
the generic hood exceeded the maximum and that
Manufacturer 8’s hood was at the limit for the condition without side panels (due to convective spill from
the side of the hood). However, in both cases, the addition of side panels reduced the exhaust rate below the
threshold. The bottom line is that many listed hoods
will meet the Standard 90.1 exhaust rate requirements
for wall-canopy hoods based on both UL 710 listings
and ASTM F1704 performance testing. Note, however,
that the UL 710 listing “cfm” numbers must be met in
cases where the ASMT F1704 “cfm” values are lower.
The same may not be said for the specification of single-island hoods operating over heavy-duty appliances,
which are typically being used for exhibition cooking
stations in modern food service facilities. The strong
effluent plume that is generated by the heavy-duty
appliances is very susceptible to cross drafts, reduced
overhang and high-velocity makeup air introduction.
As a result, the exhaust airflow rates required to capture
and contain such thermal plumes increased significantly. ASHRAE RP-1480, Island Hood Energy Consumption
and Energy Consumption Strategies,12 explored the C&C
exhaust airflow rates for single-island canopy hoods.
One style of island canopy hood (10 ft by 4 ft [3 m by 1.2
m]) had the filter bank along the rear of the hood while
the second style of hood (10 ft by 6 ft [3 m by 1.8 m]) had
a V-bank down the center of the hood. The replacement
air was supplied through 14 floor-mounted displacement diffusers to emulate transfer air from adjoining
spaces and provide a low-velocity air supply, which has
been proven to minimize the influence of replacement air
on hood performance. The results are shown in Figure 3.
The difficulty in capture and containment is evident
by the high exhaust airflow rates. While side panels
mitigate some of the cross drafts and improve C&C

4,000

ASHRAE Standard 90.1
280 cfm/ft

3,000

2,000

1,000

0

Combination-Duty Line-Broiler

Combination-Duty Line w/
Side Panels-Broiler

FIGURE 2 Published manufacturers’ ASTM test data for the C&C exhaust airflow
rates for a 10 ft (3 m) wall-mounted canopy hood over a heavy-duty
appliance line.

performance, the data show that it is very difficult for
single-island canopy hoods to stay below the 420 cfm/
ft (650 L/s·m) limit imposed by Standard 90.1. However,
it is important to note that the data in Figure 3 is for
generic, unlisted hoods. Unfortunately, not many manufacturers have used ASTM F1704 to report airflow rates
for high-performance island hoods. Our message to the
design engineer: Proceed with caution!
6.5.7.1.4 If a kitchen/dining facility has a total kitchen hood
exhaust airflow rate greater than 5,000 cfm then it shall have one
of the following:
a) At least 50% of all replacement air is transfer air that would
otherwise be exhausted.
b) Demand ventilation system(s) on at least 75% of the exhaust
air. Such systems shall be capable of at least 50% reduction in
exhaust and replacement air system airflow rates, including controls necessary to modulate airflow in response to appliance operation and to maintain full capture and containment of smoke,
effluent and combustion products during cooking and idle.
c) Listed energy recovery devices with a sensible heat recovery
effectiveness of not less than 40% on at least 50% of the total
exhaust airflow.

6.5.7.1.4 Maximizing Transfer Air
The replacement air required for commercial kitchen
ventilation systems is always 100% of the exhaust air;
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what goes out must come in! A common design practice has been to supply at least 80% of replacement air
using an independent makeup air unit (MAU) with the
remaining 20% supplied by conditioned outdoor air
from HVAC rooftop units (RTU) serving the kitchen and/
or by transfer air from adjacent spaces. This keeps the
kitchen under a negative pressure (relative to the dining
room) helping to prevent cooking odors from migrating into the dining area. However, in some climates the
replacement air from an independent makeup air unit
is not conditioned, which may create uncomfortable
conditions (too cold and/or too hot) in the kitchen. In
other climates, the makeup air is heated, which in many
cases results in simultaneous heating (by the MAU) and
cooling (by the RTU) of the kitchen during the shoulder
seasons. Conventional design practice does not take full
advantage of the relatively high rate of occupancy ventilation air per ASHRAE Standard 62.1-2013, Ventilation
for Acceptable Indoor Air Quality, that is introduced into the
dining room or other areas of the building adjacent to
the kitchen.

Combination-Broiler
Fryer, Broiler, Oven
(F,B,O) w/Side Panels
Combination-Broiler
(F,B,O)
Heavy-Duty
(3 Broilers)
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ASHRAE Standard 90.1 420 cfm/ft

Heavy-Duty (3 Broilers)
w/Side Panels
Heavy-Duty (3 Broilers)
Minimum Overhang
0

2,000

4,000

6,000

8,000

10,000

Exhaust Airflow Rate (cfm)
FIGURE 3 C&C Exhaust Airflow Rates for Single Island Canopy Hoods from
ASHRAE RP-1480 Island Hood Energy Consumption and Energy
Consumption Strategies.

The first option under Section 6.5.7.1.4 encourages
using code-required outdoor air supplied to the dining

www.info.hotims.com/49810-45
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Single Island/Center V-Bank
Single Island/Rear Filter
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RTU
MAU

3,000 cfm

6,000 cfm

3,000 cfm

FIGURE 4 Illustration of transfer air used for Standard 90.1 compliance.

room as replacement air, thus reducing (or eliminating)
the fraction of replacement air from an independent
makeup air unit. If this transfer air from the dining
room (that otherwise would be exhausted or relieved by
rooftop equipment) is 50% (or more) than the exhaust,
the CKV design is in compliance with the Section
6.5.7.1.4 requirement. Obviously, care should be taken
to not introduce transfer air at high velocities within
the kitchen, potentially cooling food that is staged near
transfer windows. If less than 50% is available, it may
still be used for the associated benefit, just not as a compliance option under Section 6.5.7.1.4. And since occupancy ventilation air is conditioned in most cases, transferring it to the kitchen can improve comfort conditions.
Several national restaurant chains have adopted this
strategy and derive all replacement air for the CKV system from the HVAC system, realizing a positive benefit
on thermal comfort in the kitchen. (Coincidently, none
of these chains were included in the ASHRAE thermal
comfort in commercial kitchens study.) In a case study
by the authors (Figure 4), the design exhaust rate was
successfully reduced from 8,000 cfm to 6,000 cfm (3776
L/s to 2832 L/s) by incorporating best practices (54 in.
[1.4 m] deep listed hood, increased overhang, pushing
equipment tight to the wall and adding side panels14
thus meeting the Standard 90.1 requirement with the
3,000 cfm (50%) transfer air.

6.5.7.1.4 Demand Controlled Kitchen Ventilation
The second option in Section 6.5.7.1.4 of the standard
recognizes that demand-controlled kitchen ventilation
(DCKV) controls are an important consideration for an
energy efficient kitchen ventilation system. There are
now more than a dozen manufacturers of DCKV systems
supporting the authors’ hypothesis that DCKV is poised
www.info.hotims.com/49810-43
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to move from “best practice” to “standard practice”
within the design of commercial kitchens.1
It is important to recognize that not all CKV systems
can be operated at 50% of design flow when appliances
are in an idle or ready-to-cook mode (regardless of the
control system installed). This is due to the fact that
some cooking appliances, such as under-fired charbroilers, exhibit a thermal plume under “ready-to-cook”
conditions that is almost as aggressive as the plume generated by the cooking activity. But there is also the condition (of hood operation) when several appliances have
been turned off (including the charbroiler) yet operation of the hood must be maintained (for one appliance
remaining on or during the cool-down and cleanup
periods). In such cases, it may be feasible to reduce the
exhaust rate to the 50% level without repercussion. The
question for the designer is which DCKV systems on the
market can be responsive to this operating scenario and
be in compliance with the Standard 90.1 requirement?

6.5.7.1.4 Energy Recovery
The third option in Section 6.5.7.1.4 recognizes listed
air-to-air energy recovery equipment (also referred to a
heat recovery ventilation or HRV) as a compliance path
for 90.1. Thermodynamically, exhaust air heat recovery
from kitchen ventilation is very attractive. In practice,
however, this waste heat stream is challenged by the fact
that the exhaust air is grease laden and subject to NFPA
96 jurisdiction, potentially requiring fire protection
and/or wash down systems. Consequently, these systems
are more expensive to install ($/cfm) than other HRV
applications, challenging the ROI equation. There also
is a conflict with Section 514.2 of the IMC that does not
permit HRVs in kitchen exhaust. However, there is now
an exception stating “that ERV equipment is not limited
by this code section if such equipment recovers only sensible heat and utilizes only coil-type heat exchangers.”
This would allow loop or “runaround coil” type energy
recovery systems for kitchen exhaust.
One positive attribute of this HRV application is the
typical unbalanced flow condition (i.e., more exhaust
than supply air). This inherently increases the thermal effectiveness of the HRV. If applied in combination with a DCKV system, the effectiveness further
increases under part-load (reduced airflow) conditions.
The elevated exhaust air temperatures combined with
the unbalanced flow condition makes heat exchanger
22
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frosting unlikely. (Heat exchanger frosting or freezing
is an issue in cold climates and a defrost strategy often
required.) The unbalanced flow conditions also make
meeting the 40% effectiveness threshold very attainable
with a runaround-coil style heat recovery system.
The DOE article6 states that DCKV will be a more economically attractive option than heat recovery for 90.1
compliance. We agree. However, the combination of a
DCKV system with an HRV may completely eliminate the
need for makeup air heating—a definite attribute for a
LEED building design and the future of CKV energy efficiency. We hope that further research and case studies
will build a much needed knowledge base for the HRV
potential in CKV design.
6.5.7.1.5 Performance Testing: An approved field test method
shall be used to evaluate design air flow rates and demonstrate
proper capture and containment performance of installed commercial kitchen exhaust systems. Where demand ventilation systems are utilized to meet 6.5.7.1.4, additional performance testing
shall be required to demonstrate proper capture and containment
at minimum airflow.
This section is fundamental to the kitchen exhaust
system commissioning and performance verification
that protects public health and safety. Hood systems
are a field assembly of various components including
hoods, fans, replacement air systems, duct and distribution systems and require testing, once installed, to
ensure specified system performance is met. This section requires verification of hood system performance
and operation, and supports Standard 90.1 purpose
and scope.
The evaluation of design airflow rates can be determined by applying ASTM F2975 Standard Test Method
for Measuring the Field Performance of Commercial Kitchen
Ventilation Systems.15 Protocols have been developed
within the standard to measure velocities and apply
correction factors to determine exhaust and makeup
airflow rates.
An approved field test method used to demonstrate
capture and containment performance can be found in
ASHRAE Standard 154-2003 Ventilation for Commercial Cooking
Operations, Section 4.8.2, Type I Hood Capture and Containment
Test. In that, it describes a field test where all the appliances
under the hood are at operating temperatures, all sources
of outdoor air providing makeup air for the hood are operating, and all sources for the recirculated air providing
conditioning for the space are operating.

www.info.hotims.com/49810-7
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Capture and containment shall be verified visually by
observing smoke or steam produced by actual cooking
operation or by simulating cooking by using devices such
as smoke candles or smoke puffers. Smoke bombs shall not
be used. For a constant-volume system, this test is typically
performed during heavy-load conditions. For a DCKV system, the system must be evaluated during heavy, medium
and light-load cooking conditions. The worst-case scenario
would be a sequence that progresses from no-load or lightload directly to heavy-load to evaluate the system response
and its ability to capture and contain the cooking effluent
by sufficiently ramping up the airflow rate.

Summary
The new requirements in Standard 90.1 limit the
design exhaust rates for the different styles of hoods and
appliance duties. It then requires one of three prescriptive paths, including 50% transfer air, DCKV on 75%
of the exhaust or heat recovery on 50% of the exhaust.
Facility, operation and economic constraints will dictate the path chosen. But in a perfect world (or maybe
for a LEED project), why not incorporate all options. If

www.info.hotims.com/49810-38
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the heat recovery from the exhaust was used to preheat
domestic water in the summer, offsetting system fan
energy, future CKV designs could approach net zero
energy! Wow, from the most energy intensive system in a
restaurant to net zero? We like to dream!
But regardless of the limits to energy efficiency,
ASHRAE through its technical committees and industry support has moved the North American CKV
design world from the dark ages to the front-of-thepack. Furthermore, the inclusion of commercial kitchen
ventilation within Standard 90.1 has caught the attention of the HVAC design community.
We believe that the CKV system design has taken a positive step forward as a result of the Standard 90.1 initiative.
Provided the designer understands the implications, limits and subtleties of the best practice options, one can costeffectively increase the energy efficiency of CKV systems in
concert with improving thermal comfort in the kitchen.
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Technical vs. Process Commissioning

Ongoing Commissioning
BY DAVE MCFARLANE, MEMBER ASHRAE; AND SCOTT GORDON, ASSOCIATE MEMBER ASHRAE

The previous eight articles in this series provided a framework to commission new
projects starting with helping the owner develop an owner’s project requirement
(OPR) document, reviewing the design, the construction process through field installation verifications (FIV), operational performance tests (OPT) and the final functional performance tests to prove the building is working. We have a great project. The
owners and contractors are both happy. Everyone sees the benefits:
• Increased comfort, fewer occupancy temperature
complaints;
• Fewer service/trouble calls from building systems,
improved reliability;
• Reduced energy costs;
• Better trained operations and maintenance staff;
and
• Enhanced building and system(s) documentation.
At the point where everyone is patting themselves on
the back for a job well done, the owner makes the comment. “OK, we have a great building, and it’s working
as intended. We’re all happy campers. What do we do
to keep the building in this brand new condition and
operating properly?”
This is the last in a series of articles that explain the technical commissioning process for new buildings.
Some of these articles’ content is derived from ASHRAE Guideline 0-2005, The Commissioning Process
(published 2005) and the National Environmental Balancing Bureau (NEBB) publication Procedural Standards for Whole Building Systems Technical Commissioning for New Construction (revised April 2013).

The answer to that question is the rationale for
this article. The industry calls this process ongoing
commissioning.
An ongoing commissioning (OCx) program provides
the framework to maintain the persistence of building
performance over the life of the facility, while providing a method to continually improve building performance. Without an OCx program, building performance
degrades over time. Performance degradation inevitably
occurs due to slippage in performance at the component, equipment, subsystem and system level. “Most
buildings will lose up to 30% of their energy efficiency
in the first three years of operation” (based upon a Texas
A&M study).
Degradation is due to a multitude of possible faults:
manual overrides of reset schedules, leaking control
valves, inoperable economizers and deferred maintenance issues. Even when a building is set up and
operating efficiently when originally constructed or

Dave McFarlane is a principal project director in the asset management practice and head of the retro-commissioning group and Scott Gordon is technical manager for the Building
Performance Group at Atkins in Fort Myers, Fla.
26

ASHRAE JOURNAL

ashrae.org

N OVEM BER 2014

TECHNICAL FEATURE

remodeled, without an OCx effort in place to maintain
a high level of performance, system performance will
degrade over time.
For an OCx program to be successful, it is imperative that first, the building be properly commissioned.
Whether the building is new or existing, the systems that
serve the building must be operating correctly and efficiently. OCx should be the final phase of either a commissioning event of a new or existing building.
The goal of an OCx program monitors building performance, and identifies degradation as early as possible.
The actual method used to identify degradation varies
widely, from manual site visits, to real-time automated
fault detection and diagnosis (AFDD). Additionally, OCx
provides the building operators with a continuous program which allows them to monitor and adjust building
operating parameters to fine-tune how equipment and
systems operate. The fine-tuning and continuous monitoring of building systems is one of the best-kept secrets
of an OCx program.

Ongoing Commissioning Overview
When a commissioning event is completed for either a
new or existing building, the final phase is ongoing commissioning. OCx is a process that occurs after a building
has successfully been commissioned. To that point, the
OCx process will help identify issues such as the unforeseen need for additional off-season testing, and control
sequences that may require fine-tuning over a wider
range of varying load conditions that were not seen
during the normal commissioning process. Depending
upon the project requirements, the OCx program will
monitor building performance at the necessary level
(component, equipment, subsystem or system).
There are multiple methods to implement an OCx
program. At the most basic level, a scheduled onsite visit
is made to manually review the performance of building systems. This manual process typically includes
reviewing items such as BAS trend data, setpoints and
utility data. Interviews with the facility operations team
are also performed to understand how the systems have
operated, and to help identify potential problem areas
that may require further investigation.
ASHRAE’s Performance Measurement Protocols for
Commercial Buildings (PMP) is an excellent resource for
customers who are looking for a cost-effective OCx
program.

The next level of OCx generally includes some type
of remote connection, such as a virtual private network (VPN) of the BAS. This allows the commissioning
engineer to remotely access trends, saving travel time
to distant sites. BAS data may also be imported into
other analysis tools to help identify potential faults
and problem areas. Virtually all BAS vendors today
offer web-based access to a facility control system,
only requiring an internet connection, IP address and
the required passwords to access the control system
real-time. Historical trend data can be viewed and
analyzed.
A cloud-based platform that can provide continuous
automated fault detection & diagnostics (AFDD) takes
technology even further. Fault detection is the recognition of undesirable abnormalities occurring in equipment, systems, spaces, and/or buildings. Fault diagnostics is the isolation of a root cause of a problem. With
AFDD, everything is a question/answer scenario. The
detection and diagnostic process features automated
software that asks a rules-based question, then runs
data control points through algorithms to detect, and
then diagnose faults.
ASHRAE defines ongoing commissioning as: “A
continuation of the Commissioning Process well
into the Occupancy and Operations phase to verify
that a facility continues to meet current and evolving Current Facility Requirement (CFR) (OPR for
new construction). Ongoing commissioning process
activities occur throughout the life of the facility;
some of these will be close to continuous in implementation, and others will be either scheduled or
unscheduled (as needed).”
ASHRAE Guideline 0.2, The Commissioning Process of
Existing Buildings and Assemblies, is expected to be published later this year. The last step of GL 0.2 includes an
ongoing commissioning phase. The main activities in
the OCx Phase of GL 0.2 are:
• Assemble the OCx Team;
• Update the OCx Plan;
• Verify achievement of current facility requirements;
• Investigate unacceptable performance or outcome;
• Implement corrective actions;
• Update systems manual;
• Update facility personnel training;
• Write/deliver OCx report; and
• Obtain owners acceptance.
N OVEM BER 2014
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Develop the OCx Plan
The OCx plan is developed during the commissioning process for new buildings, and during the existing
building commissioning (EBCx) process for existing
buildings. The OCx plan should explain what equipment and systems will be included, what measurements and monitoring/trending will be performed

to document building performance, how data will
be analyzed and how identified problems will be
corrected.
The OCx plan should: address how to maintain
the OPR that was achieved during commissioning a
new building, or how to maintain the CFR that was
achieved during commissioning existing buildings;
address areas such as the reduction of energy, enhancements in
facility operations, maintenance
procedures and occupant satisfaction. The OCx plan should evolve
with the building and any changes
that are made to the CFR. Always
answer the question: how do we
maintain the CFR while improving
building performance over time.

Assemble the OCx Team
Ownership is a key attribute to a
successful OCx program, so it is critical to have a team that is responsible for executing the OCx Plan. The
team members will vary depending
on each facility, and can consist of
any combination of individuals such
as the owners, operations and maintenance staff, outside service contractors, outside controls contractors
or commissioning professionals.
The level of monitoring and analysis
required by the OCx Plan, coupled
with the available internal resources
that each facility has, will drive the
overall team makeup.

Update the OCx Plan
Once a new building is turned over
to an owner, the building becomes
an existing building. The OCx Plan
is a living document that will evolve
over the life of a facility. The plan
which was developed earlier in the
commissioning process (either new
or existing building commissioning), should be updated to make
sure that all operating parameters to
www.info.hotims.com/49810-6
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be tracked and assessed are still appropriate, and determine what metrics will be used to track performance
over time.

Verify Achievement of Current Facility Requirements
Initially, the OCx process will verify that the acceptable performance defined in the OCx plan is being

achieved. That process can range from manual viewing of trend data, to FDD systems, reviewing comfort complaint/trouble calls and internal surveys of
building occupants. Based on the results from the
verification process, building operators will discover
issues and investigate changes to get back on track to
achieve the CFR, while often further improving the
level of building performance.
When energy monitoring and
tracking is part of the OCx plan,
then a formal measurement and
verification (M&V) plan should be
part of the OCx plan.

Investigate Unacceptable Performance
or Outcome
When unacceptable performance
is identified, such as temperature
or relative humidity setpoints that
are not maintained, the cause of the
performance degradation must be
determined so that a resolution to
the problem can be established. It is
important to identify the root cause
of unacceptable performance so
that the true issue is identified and
resolved. Symptoms can lead the
commissioning professional to the
root cause; however, it is critically
important not to get sidetracked
by treating symptoms, but to focus
on identifying the root cause of the
problem.
Three examples using trends
to investigate unacceptable performance are shown in Figures
1 through 3. Figure 1 shows that
a change was made to a control
system that disabled a condenser
water reset control sequence for
a water cooled chiller. Instead of
the condenser water supply (leaving the cooling tower) resetting
based on the ambient air wet-bulb
temperature, a fixed setpoint of
65°F (18°C) was overridden, thus
eliminating the potential energy
www.info.hotims.com/49810-9
30

ASHRAE JOURNAL

ashrae.org

N OVEM BER 2014

www.info.hotims.com/49810-26

As a facility evolves over time, O&M staff turnover is
inevitable. Keeping the O&M staff trained is critical to
the success of the OCx program. Staff training should
be updated as required to address the needs of new
individuals that are either part of the OCx team, or play
a supporting role to the team. If new equipment or systems are added to the facility, than training should be
updated to reflect the requirements of the added facility
infrastructure.
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FIGURE 2 Trend indicating a 50°F discharge air temperature on an AHU, when the
original design was 50°F.

Update Systems Manual
As the OCx plan is managed and the work executed,
changes will be made to the original equipment and or
building systems. The systems manual should be updated
at regular intervals to document the changes to establish
a single point of reference material for the operations
and maintenance staff. The systems manual is a valuable
resource to develop in-house training programs for current and future operations and maintenance staff.
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Once the root cause of the problem has been identified, then the corrective action needs to be implemented. Facilities that have been properly commissioned typically do not require corrective actions of a
significant magnitude. Typical corrective actions can
range from minor repair items, additional operator
training to setpoint adjustments or minor control programming modifications.
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FIGURE 1 Trend indicating an opportunity to reset the entering condenser water
temperature.

Temperature (°F)

savings that could be achieved if the reset strategy was
left enabled.
Figure 2 shows a three-week period of an AHU that has
a discharge air temperature of 50°F (10°C), when the
original design for the area served only required a 55°F
(10°C) discharge air temperature. Further investigation determined that a problem with the integrity of the
building envelope created an excess moisture load in the
summer months, forcing the O&M staff to reduce the
discharge air temperature in order to control the dewpoint temperature in the occupied space.
Figure 3 shows an AHU with simultaneous heating and
cooling occurring. Trends such as this do not always
indicate what the exact problem is, only that there is a
problem that requires further investigation to identify
the root cause of the problem.

Temperature (°F)
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Avg AHU_Vlv_CC1_%op
Avg AHU_Vlv_HeC1_%op
Avg Bldg1_TempOa
FIGURE 3 Trend showing an AHU with simultaneous heating and cooling occurring.

Write/Deliver OCx Report
The OCx report is used to document at regular intervals the performance of the facility and success of the
OCx program.The report also provides documentation

www.info.hotims.com/49810-41
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of how well the building O&M staff performs their jobs.
To a large degree, success of any OCx program rests with
the O&M staff. As stated earlier in this article, ownership
by the O&M staff is critical.
When an M&V Plan is part of the OCx plan, then
results from the M&V plan should be included in the
OCx report. The M&V plan should have a description of

the M&V Report structure.
The OCx report should be submitted at specified interval (e.g., monthly, quarterly, semi-annually or annually). Either monthly or quarterly reporting is typical.
When energy is a metric that is monitored in the OCx
plan, it makes sense to follow the monthly reporting
cycle with the utility bills.

Obtain Owner’s Acceptance
Since the owner is the one that
ultimately pays for the OCx plan, it is
important to obtain their acceptance
that the OCx program is delivering
value to them. The owner should
review the OCx report at regular
intervals, and the OCx program
should be revised to reflect any
changes to the CFR.

Conclusion
Implementing an OCx program
protects the owner’s initial investment in commissioning, while
establishing a framework which
allows building operators to continuously improve equipment operation and occupant comfort over
time. OCx can also be a driver from
reactive to predictive maintenance
for customers, while increasing
energy savings and extending the
useful life of building systems.
We recommend that you consider
implementing an OCx program
after you have performed the work
involved in a demanding technical
commissioning process. Keeping
occupant comfort levels high and
seeing fewer occupancy temperature complaints, reducing service/
trouble calls from building systems,
improved reliability and keeping
energy costs at design levels are all
goals that will make the building
more efficient and will reduce the
overall costs of the building operation.
www.info.hotims.com/49810-31
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Celebrating 100 Years
Of ASHRAE Standard 15
BY DOUGLAS T. REINDL, PH.D., P.E., FELLOW ASHRAE

In November 1914, a committee comprised of engineers from the American Society of
Refrigerating Engineers (ASRE) began consulting with fire department officials from
New York City to develop a regulation aimed to enhance the safety of refrigerating plants
in the city. Out of this initial effort grew the nation’s first refrigeration safety code taking
effect in May 1915 and requiring a permit to build or operate any refrigeration plant
within New York City. It established design pressure minimums; the use of properly
vented safety relief valves; pipe labeling; the clear posting of operating procedures; and
other requirements intended to ensure the safety of this “new” technology. This fledgling code not only touched off efforts to replicate it in other cities where refrigeration
plants were operating or being planned, but it was the precursor to what would eventually become ASHRAE Standard 15, Safety Standard for Refrigeration Systems.
From the outset, ASRE recognized that the task of
refrigeration system safety would never be finished, so
it established a permanent body initially identified as
the “Committee on Municipal and State Regulations for
Refrigerating Plants.”1 Early on, members of this committee understood the importance of having defined procedures and processes to guide the initial development
and periodic update of the code/standard. In addition,
the committee also had to devise appropriate protocol for
responding to interpretation requests received from users

of the standard. Some of ASRE’s solutions to these early
growing pains as a standards developer are still used by
ASHRAE in its standards development process today.
For example, the ASRE committee had its membership
spread across different interest categories in an effort
to avoid any one single interest group from dominating revisions to the standard. In addition to putting in
place procedures and processes to guide the revisions to
the standard, ASRE had an overarching goal to modify
subsequent versions of its refrigeration safety code

Douglas T. Reindl, Ph.D., P.E., is a professor and director at the University of Wisconsin-Madison’s Industrial Refrigeration Consortium in Madison, Wis.
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into a suitable form; thereby, enabling its adoption and
appeared in the ASRE Refrigerating Data Book and Catalog.
enforcement by cities, states, and other jurisdictions as a This same era brought forth the development of CFCsingle code.
based refrigerants with a corresponding rapid commerBy 1919, the ASRE committee had crafted a more subcialization of refrigeration technology using these new
stantial refrigerant safety code that included key defini- refrigerants for commercial refrigeration and residentions, sizing for safety relief valves, system pressure test
tial refrigerators as well as comfort cooling applications.
requirements, and emergency discharge of refrigerants
The expansion of CFC refrigerant usage created
from systems. The committee’s efforts continued and
increasing pressure on the ASRE committee to include
the next iteration of the New York City code appeared in this new class of refrigerants within the scope of the
1922. As interest in the committee grew, ASRE formalcode and to craft appropriate revisions for its safe use.
ized committee rules and procedures as well as a plan to One of the main challenges at that time was that experensure the committee would remain appropriately baltise with this new class of refrigerants among committee
anced with the various stakeholders identified. By 1926,
members was still maturing, and their lack of familiarthe committee had grown to 40 memity/experience translated into a slow
PHOTO
1
Early
refrigeration
safety
standards
helped
bers having interest categories that
rate of change in the code. Some
the technology safely grow.
included: manufacturers, employers
viewed the slow moving committee as
(end-users), employees, government,
intentional blocking the further cominsurance, and independent (general
mercialization of this new technology,
interest). The concept of balancing
but the committee continued to make
interested parties as members on this
revisions to the code and the next
code committee was momentous, and
edition included restrictions on the
this principle is one of the foundation
refrigerants themselves.
pillars for the ASHRAE committees
The restrictions came in the form
responsible for developing its stanof limits to the size of refrigeration
dards today.
systems based on the volume of one
The balance of membership interor more spaces that would collect
ests became increasingly important
refrigerant in the event of a leak. This
with the market quickly expanding
concept formed the foundation for
due to the development of domestic
what later became known in Standard
refrigerators and direct-expansion
15 as “refrigerant quantity limits”
air-conditioning systems. Because
(RQLs) or what is now known today
the code had been written, primarily,
as the “refrigerant concentration
to address safety concerns associated
limits” (RCLs). These measures were
with large industrial systems, signifiintended to set the maximum concant modifications to the code were required to accomcentration of a refrigerant in air that would be allowed
modate the smaller refrigeration systems serving these
in the event of a complete loss of refrigerant into an
emerging applications while ensuring ongoing safety.
occupied space in the event of a leak.
A committee with balanced interests also provided the
ASRE redesignated Standard B9 to B9.1 and published
producers and users of these “new” technology applicaupdated versions in 1950, 1953 and 1958. In 1959, ASRE
tions a voice. Because fluorochemical refrigerants had
and American Society of Heating, and Air Conditioning
not yet been developed, the early versions of this code
Engineers (ASHAE) merged to form the American Society
were limited to sulfur dioxide, ethyl chloride, carbon
of Heating, Refrigerating, and Air Conditioning Engineers
dioxide and ammonia as refrigerants.
(ASHRAE). The next published version of B9.1 came under
In 1932, the national standardizing agency, American
the ASHRAE banner in 1964. As a body overseeing the
Standards Association (ASA), formally approved
development of consensus standards, ANSI superseded
Standard B9, American Standard Safety Code for Mechanical
ASA and the 1971 edition of B9.1 was published with the
Refrigeration, and the 1930 edition of this standard
ANSI designation as “ANSI/ASHRAE B9.1-1971.”
N OVEM BER 2014

ashrae.org

ASHRAE JOURNAL

37

TECHNICAL FEATURE

FIGURE 1 ASHRAE Standard 34-1992 safety classification scheme that combined tox-

Standard 34

icity & flammability into a single metric referred to as the “safety group.”

A “sister standard” to ANSI/ASHRAE 15 is ANSI/ASHRAE
Standard 34, Designation and Safety Classification of Refrigerants. This standard was first published as ASA/ASRE
Standard B79.1 in 1957. It established a uniform system
for assigning unique reference numbers to refrigerants
as well as setting safety classifications for each refrigerant based on its toxicity or flammability. The 1978
edition of this standard was renumbered by ASHRAE
to become Standard 34. Later versions of Standard 34
would further refine the safety classifications to combine both toxicity and flammability characteristics.
Nonetheless, Standard 34 provided needed information
on the safety characteristics of refrigerants that Standard 15 relied upon to ensure the refrigeration systems
using these working fluids could be designed, constructed, and operated safely.

Safety Group

Increasing
Flammability

Higher
Flammability

A3

B3
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Flammability
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B2

No Flame
Propagation

A1

B1

Lower
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Transition to Standard 15
In 1978, ASHRAE formally transitioned its B9.1 standard to become Standard 15 and the first edition of
ANSI/ASHRAE Standard 15, Safety Code for Mechanical
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Refrigeration was published. At the same time, ASHRAE
introduced the first version of its Standard 34,
Designation and Safety Classification of Refrigerants (see
sidebar).
The next published edition of Standard 15 would not
appear until 1989. In this time frame, the phaseout of
chlorinated fluorocarbon (CFC) refrigerants dictated
by the Montreal Protocol was looming and a number
of new alternative refrigerants were being developed
and introduced. These refrigerants included both pure
component fluids as well as mixtures containing two
or more components. It was also during this time that
ASHRAE Standard 34 refined its approach to classifying the safety of refrigerants by combining both toxicity
and flammability into a single metric referred to as the
“safety group” shown in Figure 1.
With the refinement of the refrigerant safety classification, Standard 15 now began to address applications of refrigeration systems and technologies with
further restrictions on equipment use within facilities
of various types and refrigeration system configurations
(such as direct or indirect) based on the refrigerant’s
safety group. During the public review period leading
up to the 1992 version of Standard 15, many comments
were received from those interested in ammonia as a
refrigerant (one of only three refrigerants in the safety
group B2 classification). As a result, Standard 15 incorporated a number of exceptions to requirements aimed

www.info.hotims.com/49810-13

FIGURE 2 Evolution of ASHRAE Standard 15.
ASRE Engineers Initiate Development of First
Refrigeration Safety Code for New York City

1914
1919 Code Expands to Regulate Refrigerating Machines
& Refrigerants

1930 ASRE Publishes and ASA Approves B9 the “American
Standard Safety Code for Mechanical Refrigeration”

ASRE Publishes Updated Versions of ASA B9

1934
1950

ASRE Redesignates B9 to
B9.1 Publishing Updated
Versions

1958

1964

ANSI Approves ASHRAE B9.1

1978

Merger of ASRE and ASHAE Leads ASHRAE to Publish as B9.1

1971

ASHRAE Publishes First Version of ANSI/ASHRAE Standard 15

1989

ASHRAE Publishes Revised Versions of
ANSI/ASHRAE Standard 15

2013
www.info.hotims.com/49810-39
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at addressing B2 refrigerants specifically applicable to those systems
using ammonia as the refrigerant.
One of the most significant
modern-era changes to Standard 15
occurred in 1994 with this edition
being rewritten in a “code language”
(enforceable) format. Revising the
standard to incorporate mandatory
language was intended to enable its
ease of adoption and enforcement
by model both code developers and
other state or local code jurisdictions.
In addition to now using mandatory
language, the contents of Standard 15
were organized into four major sections: General, Restrictions, Design
& Construction, and Operation &
Testing. This arrangement of information was intended to provide users
of the standard with a means to more
quickly access pertinent information.

www.info.hotims.com/49810-19

Change Drives Change
The next edition of ANSI/ASHRAE
Standard 15 did not appear until
2001. The 2001 edition brought with
it a title change to reflect its broader
applicability and coverage of absorption refrigeration technology. This
newest edition of Standard 15 was
titled “Safety Standard for Refrigeration
Systems.” A number of other revisions
to the standard were incorporated
into the 2001 edition including
changes to definitions, machinery
room ventilation requirements,
refrigerant safety classifications
(with the addition of more new
refrigerants), field test procedures,
and others. One somewhat controversial change in the 2001 edition was the removal the following
requirement for SCBAs that existed
in prior versions of Standard 15:
11.6 Self-Contained Breathing
Apparatus (SCBA). When a machinery
www.info.hotims.com/49810-4
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room is required per the rules of 7.4, at least one approved selfcontained breathing apparatus, suitable for the refrigerant used,
shall be located outside of, but close to, the machinery roam. A
second, backup, self-contained breathing apparatus shall also be
provided.—ASHRAE Standard 15-1994
The removal of Section 11.6 on SCBAs in its entirety
seemed to run counter to safety; however, the hazards
associated with untrained/unqualified personnel attempting to don this personal protective equipment in order
to make entry into a machinery room outweighed any
apparent benefit this equipment attempted to provide.
The other major change included in the 2001 edition of
Standard 15 related to the technical basis for sizing the
vent piping for safety relief devices. Equation 1 shows
the formula for the maximum equivalent length of a
discharge pipe connected to the outlet of a relief device
as it appeared in versions of Standard 15 prior to 2001.
Although simple, this equation included a number of
inherent assumptions or simplifications that really limited its applicable use in refrigeration system applications. As a result, the Standard 15 committee took action
to update the line length equation.

L=

9P2d 5
16 Cr2

(1)

where
Cr = rated discharge capacity as stamped on the device
by the manufacturer in pounds of air per minute
d = internal diameter of pipe in inches
L = length of discharge pipe in feet
The new line length formula shown in Equation 2
addressed many of the limitations associated with the
old formula but its comparative increase in complexity raised the eyebrows of professionals responsible for
engineering safety relief systems. One of the factors
that contributed to the initial distrust of the new line
length formula was the result of the calculated maximum allowable line length, L, when large relief valve
capacities were combined with small outlet piping. In
this case, the calculated length by Equation 2 turned out
to be a negative number which gave engineers pause as
to the believability of this “new” equation. As discussed
elsewhere,2 the result of calculated negative line lengths
does not stem from an error in the equation but, rather,
an artifact of the maximum line length equation not
being constrained for choked flow that will occur under
those circumstances. Rather than further modify a
somewhat already complicated equation, the Standard
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PHOTO 1 The original B9 code covered both industrial and commercial refrigeration

systems.

15 committee issued an interpretation that made it clear
a transition to a larger pipe diameter on the outlet of the
relief device was permitted to enable reasonable equivalent lengths of vent piping to be attached (IC Standard
15-2001-1).
L=

(

0.2146 × d 5 × P02 − P22
f ×C

2
r

) − d × ln ( P ÷ P )
0

6× f

2

(2)

where
L = equivalent length of discharge piping, feet
Cr = rated capacity as stamped on the relief device in
lb/min or in SCFM multiplied by 0.0764, or as
calculated in 9.7.7 for a rupture member or fusible plug, or as adjusted for reduced capacity due
to piping as specified by the manufacturer of the
device, or as adjusted for reduced capacity due to
piping as estimated by an approved method
f = Moody friction factor in fully turbulent flow
d = inside diameter of pipe or tube, inches
ln = natural logarithm;
P2 = absolute pressure at outlet of discharge piping, psi;
P0 = allowed back pressure (absolute) at the outlet of
pressure relief device, psi
Since 2001, ASHRAE has faithfully published Standard
15 on a three-year interval with relatively minor changes
being made from edition to edition. The 2004 edition
was a republished version of the 2001 edition with minor
changes made to the requirements for the application of
flammable refrigerants as well as pressure vessel relief protection. Historically, ASHRAE Standard 15 would include
specific content from ASHRAE Standard 34 that related to
the safety classifications of each individual refrigerant. As

TECHNICAL FEATURE

the number of new refrigerants included within ASHRAE
Standard 34 increased, it became difficult for Standard
15 to remain current and the decision was made in the
2007 edition of ASHRAE Standard 15 to completely remove
the safety classifications of refrigerants originating from
Standard 34 and to simply reference Standard 34 for that
safety information. To better serve the users of Standard 15,
the decision was made to co-publish both Standard 15 and
Standard 34 as companion standards.
The 2010 edition of Standard 15 included a number
of changes. One of the more significant changes was
driven by updates to Standard 34 as it transitioned to a
new safety metric in its 2007 edition—refrigerant concentration limit (RCL). The RCL represents a refrigerant
concentration limit, in air, intended to reduce the risks
of acute toxicity, asphyxiation, and flammability hazards
in normally occupied, enclosed spaces. This metric is
determined by Standard 34 for each refrigerant using a
multifactor approach that considers the acute-toxicity
exposure limit (ATEL), oxygen deprivation limit (ODL),
and flammable concentration limit (FCL). In applications where the catastrophic loss of refrigerant would
lead to a concentration in a normally-occupied enclosed
space in excess of the RCL, Standard 15 requires the
refrigerant-containing parts of that system to be located
in a machinery room or outdoors. A number of other
changes were incorporated into the 2010 edition including provisions for systems using carbon dioxide as a
refrigerant.
The 2013 edition of Standard 15 was released in
December last year and the changes reflected from the
2010 edition were relatively minor but include clarification of requirements for machinery room ventilation
systems, securing of refrigerant circuits located outdoors
to prevent unauthorized access, and the removal of obsolete appendices. In January, ASHRAE issued Addendum
a to this most current edition of Standard 15 for “immediate publication” due to the nature of the changes
it addresses. Addendum a modifies and clarifies the
requirements for discharge of pressure-relief devices,
including locations where refrigerant may be safely
discharged in the event of a release. Systems located
outdoors are now specifically addressed and include
an exemption from the Standard 15 ft (4.57 m) height
requirement if specified criteria for the installation are
met. The timeline (Figure 2, Page 40) summarizes the history of this refrigeration safety standard.

Conclusions
Today, ANSI/ASHRAE Standard 15 continues to evolve
and address refrigeration system safety for stationary
systems. Although analog refrigeration safety standards
such as the Canadian standard CSA B52, the international standard ISO 5149, and others have been introduced, ANSI/ASHRAE Standard 15 continues today as a
benchmark for refrigeration system safety in the built
environment. No other refrigeration safety standard has
the legacy of ASHRAE Standard 15, and none other has
protected more people from refrigerant-related hazards
in the built environment. Currently, the Standard 15
committee is in the process of transforming this standard again as it pursues an entire rewrite of the document. The goals of the rewrite are to: enhance usability,
ensure all requirements are clear, unambiguous, and
enforceable, and remove duplication.
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COLUMN BUILDING SCIENCES
Joseph W. Lstiburek
FIGURE 1 Back in the Day. A continuous layer of bitumen was installed over the top
of the concrete surface. The bitumen would be both a vapor barrier and a capillary break. To keep it from getting over everything it was covered with felt paper.
Sometimes it was installed in two layers.

PHOTO 1 Plywood Over Bitumen. Plywood replaced wood sleepers and was covered
with a slip surface to keep the wood flooring from squeaking as it changed moisture content seasonally.

Wood Flooring
Felt Slip Sheet
Plywood

Two-Ply Felt
Set in Mastic
Granular Base

Walking the Plank
BY JOSEPH W. LSTIBUREK, PH.D., P.ENG., FELLOW ASHRAE

Personally, I think the most beautiful floors in the world are wood. I like the look. I like
the feel. Even Greenies like wood floors because, apparently, wood grows on trees.*
Wood floors have been around forever. You would think folks would know how to
install them. Ha. We used to know. Then we forgot. Then it got weird. Wood changed
into “waswood.”† And then we began to install both wood and waswood on surfaces
that were not easy to install stuff on. Like concrete. We sure like our concrete, and we
sure like our wood and waswood. It was inevitable that wood flooring would find a
home on concrete slabs.
What is it with wood flooring on concrete? Two of the
most fabulous building materials in the history of building materials should get along. Nope. Concrete loves
water. It would love to stay wet forever. The longer it
stays wet, the stronger it becomes. Wood hates water.
Water makes wood do weird things like move and rot. To
make wood and concrete get along we either have to separate the wood from the concrete or we have to make the

concrete dry enough not to irritate the wood too much.
And if we take the concrete dry enough route it has to
stay that way forever.
Back in the day old guys knew how to separate the wood
from the concrete and make glorious wood floors. When
we had concrete slabs on grade or basement concrete
floors, old guys learned to install a continuous layer of
bitumen over the top of the concrete surface (Figure 1 and

*OK, not all Greenies. To some Greenies not all wood is good wood. Not all wood is green wood, and I don’t mean green in the old-term sense when green wood meant something real and definable. Just
for the record I am not in favor of chopping down 1,000-year-old trees to make parquet flooring. For some folks nothing is ever good enough except for all folks to disappear from the planet because we
humans are the problem and the planet would be better off without humans.
†“Waswood” is a term used to describe stuff that used to be wood but is not wood anymore. This is another name for “engineered wood”—a term that is insulting to both engineers and wood.
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Photo 1). The bitumen would be both a
FIGURES 2A, 2B, 2C, 2D Clever Stuff. The backside of wood flooring was machined so that it would not warp due to difvapor barrier and a capillary break. It
ferential drying between the top and bottom surfaces during seasonal moisture content changes.
was sticky, icky, gooey and smelly and
otherwise really good. It needed to be
A
B
continuous. To keep it from getting
over everything it was covered with
felt paper. Sometimes it was installed
Hollow Back
Plain
in two layers. This was nothing more
C
D
than a single ply or double ply built up
roof installed on a concrete slab. This
was an inside roof. A roof. Roofers did
Hollow or Scratch Back
Scratch Back
the install. Roofing technology.
Over the top of this felt-covered
bitumen layer (or two bitumen
layers) wood sleepers and wood plank flooring were
FIGURE 3 Monolithic Slab. A continuous polyethylene vapor barrier and capillary
break needs to wrap the entire concrete surface that contacts the ground—espeinstalled. It worked fabulously. Old guys also got very
cially the perimeter. It is also a good idea to paint the exposed edge of the slab
clever at machining the backside of the wood floorabove grade to keep it from getting wet from “splash back” (rainwater hitting the
ing so that it would not warp due to differential drying
ground and bouncing back up) and enthusiastic over irrigation by occupants. The
paint needs to be “liquid water” closed and “vapor water” open—hygrophobic and
between the top and bottom surfaces during seasonal
vapor permeable—that would be typical acrylic latex paint formulated for concrete
moisture content changes (Figure 2a, 2b, 2c and 2d).
substrates.
The only improvement over a century was to replace
Wood Baseboard
the wood sleepers with plywood (Photo 1) that was covWood Flooring
ered with a slip surface to keep the wood flooring from
Concrete
Slab
squeaking as it changed moisture content seasonally.
Perimeter of
Then brain damage set in. It was the ‘60s. Could have
Slab Protected
been drugs. Maybe Elvis. Maybe the Beatles. Folks began
Above Grade
to leave off the bitumen and just install the felt. How
Sub-Slab Vapor
Barrier
Perimeter
dumb is that? By this time felts were typically impregEdge of Slab
nated with some bitumen. But impregnated felt is not a
Protected
Below Grade
vapor barrier or a capillary break. The whole point of the
Ground Saturated
felt was to be a cover sheet for the bitumen. It was never
With Water
intended to be a replacement for the bitumen. Well
it didn’t work. No surprise. But a lot of times folks got
lucky, as it became common practice to install a sheet
of plastic under the concrete to separate the concrete
So how do you separate the concrete from the ground
from the ground. And if the concrete was allowed to dry
underneath? Well, you have to first understand that
before the wood flooring was installed, things would
concrete slab foundations have a bottom and sides. Most
work out—as long as the concrete did not get wet from
people forget the sides. The sides are a really, really big
the ground underneath or from the side.
deal. We plant things on the sides of buildings. We water
Today, if we are smart, we don’t need to separate the
the things that we plant on the sides of buildings. The
wood flooring from the concrete as long as we separate
ground is very wet on the sides of buildings.
the concrete from the ground and we allow the concrete
When we have a monolithic slab, a continuous polyto dry before we install the wood flooring. Easy to say,
ethylene vapor barrier and capillary break needs to wrap
but not always easy to do. And like most easy things,
the entire concrete surface that contacts the ground—
there are “tricks” that you need to know. Sometimes
especially the perimeter (Figure 3). This means attaching
folks don’t share the tricks. Many times folks don’t know
Joseph W. Lstiburek, Ph.D., P.Eng., is a principal of Building Science Corporation in Westford,
the tricks in the first place.
Mass. Visit www.buildingscience.com.
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a plastic “skirt” to the
FIGURE 4 Capillary Wicking. Without the slab edge protection water can wick dozPHOTO 2 Perimeter Slab Protection. The
ens of feet inward via capillarity.
perimeter form boards or
plastic vapor barrier is run over the top
of the form boards and trimmed later
running the plastic over
after the form boards are stripped.
Wood Baseboard
the top of the form boards
Wood Flooring
(Photo 2) and trimming the
Concrete
Slab
plastic later after the form
boards are stripped. Both
of these approaches are not
Sub-Slab Vapor
common but need to be in
Barrier
Perimeter
Edge
of
place if you are installing
Slab Not Protected
Below Grade
water sensitive flooring
like wood on a concrete
Ground Saturated
slab foundation. Without
With Water
the slab edge protection,
water can wick dozens of
feet inward via capillarity
PHOTO 3 Wood Flooring Problems. Discoloration,
(Figure 4) and then you end up with
day. They are here to stay so just deal
movement and decay.
flooring problems such as discolorwith it.
ation, movement and decay (Photo 3).
So let’s say we separate the conIt is also a good idea to paint the
crete from the ground—both from
exposed edge of the slab above grade underneath and from the sides.
to keep it from getting wet from
Now what? We need dry concrete.
“splash back” (rainwater hitting the
What’s the big deal? Just wait for the
ground and bouncing back up) and
concrete to dry before you install
enthusiastic over irrigation by occu- the wood flooring (Figure 6 and Photo
pants. The paint needs to be “liquid
5). Problem with this strategy is
water” closed and “vapor water”
that with “wet” concrete mixes this
open—hygrophobic and vapor
might mean many, many months.
raff is that “bleed water” typically
permeable—that would be typical
In new construction we might only
disappears when the w/c ratio is less
acrylic latex paint formulated for
have 90 days between placing the
than 0.6. Now, this is not a hard and
concrete substrates.
concrete and installing the flooring. fast rule. Mixing, fines, aggregate
It is a lot easier to handle a stem
To make this timeline work we need types all factor in—but it is a pretty
wall foundation where the edge of
concrete without much water in it.
reasonable “rule.” Without bleed
the slab is wrapped and the slab is
We need low water-to-cement (w/c)
water you can easily place concrete
well elevated (Photo 4 and Figure 5).
ratio concrete. The good news is that on plastic vapor barriers or on fluted
So why not just use stem wall founto make good concrete you need a
metal decks and not mess up your
dations? Sometimes the ground
low w/c ratio. The lower the w/c ratio finishing by having water separate
conditions suck and you need to
the better the concrete. Period.
from the mix and float to the top
go post-tensioned. Sometimes the
How low do you need to go? A w/c
surface and pond. One of the dirty
‡
local trade base does not exist to go
ratio below 0.6 for sure. How do I
secrets to finishing crappy concrete
know that? Well, one of the secret
there. Monolithic slab foundations
was to place it on a sand layer so that
are faster to construct and are easier numbers that old-time concrete mas- the sand layer would act like blotter
to construct. And that often wins the ters know but don’t share with the riff paper and suck up the bleed water.§
‡Of course most people do not order concrete based on w/c. They order it based on “slump” and compressive strength (“psi”). For a w/c below 0.6 you typically need 3,500 psi (25 MPa) concrete with a
slump of less than 4.5. I typically specify a w/c below 0.5 to absolutely, positively, beyond a shadow of a doubt, stay out of trouble. Having said that, if you don’t screw with the mix on the site, 0.6 will work.
The key is not letting anyone screw with the mix on the site. Good luck with that.
§I am repeatedly stunned at the practice of installing sand over polyethylene under concrete slab foundations in California. To me that is a sign of bad concrete. With a low w/c ratio you don’t need the sand.
We were here a long time ago, “Concrete Floor Problems,” ASHRAE Journal, January 2008.
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PHOTO 4 & FIGURE 5 Stem Wall Foundation. It is a lot easier to handle a stem wall foun-

dation where the edge of the slab is wrapped and the slab is well elevated.

FIGURE 6 Separate the Concrete from the Ground. This needs to be done from underneath and from the sides. We also need dry concrete. We need low water-to-cement
ratio concrete or we need to wait for the concrete to dry before we install flooring.
PHOTO 5 Glue Down Wood Floor. A decade old and still going strong. Amazing what
works if the concrete is dry when the wood goes down and stays dry over time.

Wood Floor
Concrete Slab

Capillary Break
Beneath Bottom
Plate

Wood Baseboard
Wood Flooring
Concrete
Slab

Cementitious
Rendering

Polyethylene Vapor
Barrier
Granular Base

Sub-Slab Vapor
Barrier Wraps End
of Slab at Slab
Perimeter

Damp
Proofing
Below Grade

Unfortunately, most residential
concrete slab foundations have a
w/c ratio higher than 0.6. To get
to less than 0.6 you typically need
a lubricant to allow you to get the
concrete out of the truck and have
it placed with a pump (“superplasticizer”). With a stiff mix,
folks always try to add water to the
concrete in order to place it. And
if you don’t watch them continuously, the water gets added and
you end up with crappy concrete
with a lot of water in it. Adding
what seems like a little water can
do a lot of damage.
With the superplasticizer, there is
no incentive to add water and you
get the stiff mix (low w/c ratio) you
need.

The water in the concrete issue
is less of a problem with thin slabs
because with a thin slab there is
not a lot of concrete mass with
a lot of water in the mass of the
concrete to begin with. But where
slabs are thickened for structural
reasons, wood flooring problems
can occur (Photo 6). Again, this all
can be avoided with a low w/c ratio
concrete.
So what do you do if you don’t have
a low w/c concrete and you don’t
have time? And even worse, what do
you do if you don’t have an effective
vapor barrier and capillary break?
Well, you go back to the old way of
doing things. You install a topside
vapor barrier. But you do it smart
with new materials.
N OVEM BER 2014

PHOTO 6 Thickened Slabs. The water in the concrete issue is less of a problem with thin slabs
because with a thin slab there is not a lot of concrete mass with a lot of water in the mass of the
concrete to begin with. But where slabs are thickened for structural reasons, wood flooring problems
can occur. Again, this all can be avoided with a low
w/c ratio concrete.
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FIGURE 7 What if Your Slab is Wet? If you don’t have a low w/c concrete and you
don’t have time and if you don’t have an effective vapor barrier and capillary break,
you need to install a topside vapor barrier. A fluid-applied vapor barrier such as
epoxy works well. The dumb way is to use a plastic sheet. Don’t use a plastic sheet.

Wood Floor

FIGURE 8 Insulating the Slab. Install the insulation under the plastic vapor barrier
and over the top of a granular capillary break. Do not, and I repeat, do not, install
the insulation over the top of the plastic vapor barrier and under the slab. The
insulation will get wet and stay wet forever. Under the plastic it can dry into the
granular layer. Memo to everyone. With insulation, you absolutely need a granular
layer with no fines to act as a capillary break, and further note that the only insulation that will work is an extruded polystyrene.

Topside Fluid-Applied
Vapor Barrier

Wood Floor
Concrete Slab

Concrete Slab
Polyethylene
Vapor Barrier
Granular
Base
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FIGURE 9 Conditioning the Wood Flooring: Wood expands and contracts with relative humidity changes, as it is a hygroscopic material. In most places the interior
winter relative humidity is low (typically 30%) and high during the summer (typically 65%). That means the wood flooring is going to float between 6% moisture
content by weight and 12% moisture content by weight—a 6% seasonal swing. If
you install wood flooring at 6%, it will buckle when it goes to 12%. If you install
wood flooring at 12% it will shrink and leave big gaps when it goes to 6%. Old
guys knew this and conditioned wood to the mid-range moisture content it would
see during service. For most of the lower 48 states that would be 9% moisture
content by weight.

Moisture Content vs. Relative Humidity

Equilibrium Moisture Content (%)

The smart way is a fluid-applied vapor barrier (Figure
7). Epoxies work well. The dumb way is to use a plastic
sheet.
Why is using a plastic sheet a dumb idea? Folks on
the Internet love it. It has got to be the right way to go
if it is on the Internet. If the vapor barrier layer is not
completely fully adhered, condensation will occur in
air pockets. If these air pockets communicate with the
interior, you will grow mold and algae. And the floor
will smell. What are the odds that a thin sheet of plastic
will be installed in an absolutely airtight manner on
the top of a concrete slab where the perimeter of the
plastic layer is sealed in a continuous airtight manner to the concrete and where the thin sheet of plastic
will survive the construction process and not have
any holes in it such as holes necessary to fasten the
flooring?
That the polyethylene plastic sheet recommendation
still comes from many in the wood flooring industry,
including wood floor trade associations, is flabbergasting and disappointing. You would think they would
know better. The old guys knew better with the bitumen
layer. But apparently they all died off and didn’t tell the
new guys. Come on guys, put the plastic sheet under the
concrete not on the top of the concrete.
What if I want to insulate the floor? Easy, place the
insulation under the plastic vapor barrier and over the
top of a granular capillary break (Figure 8). Do not, and I
repeat, do not, install the insulation over the top of the
plastic vapor barrier and under the slab. The insulation
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will get wet and stay wet forever. Under the plastic it
can dry into the granular layer. Memo to everyone. With
insulation you absolutely need a granular layer with
no fines to act as a capillary break, and further note
that the only insulation that will work is an extruded
polystyrene.
Are we done yet? Nope. Wood likes to move and no
power in the universe will stop it from moving. It
moves with relative humidity changes, as it is a hygroscopic material (Figure 9). In most places the interior
winter relative humidity is low (typically 30%) and
high during the summer (typically 65%). That means
the wood flooring is going to float between 6% moisture content by weight and 12% moisture content by
weight.
Using “Joe math” that is a 6% seasonal swing. If you
install wood flooring at 6% it will buckle when it goes
to 12%. If you install wood flooring at 12% it will shrink
and leave big gaps when it goes to 6%. Old guys knew
this and conditioned wood to the mid-range moisture
content it would see during service. For most of the

lower 48 states that would be 9% moisture content
by weight. Most people have forgotten about this; so
the folks who make wood flooring typically precondition the wood to 9% before they ship it and cross their
fingers. Flooring manufacturers also like narrower
planks as that results in more joints that can accommodate more movement. Unfortunately, the trend
is to wider planks as they are currently “in style.”
And don’t forget to leave gaps at the perimeter of
rooms. Did I mention that wood likes to move—even
“waswood”?
So how do you handle the movement if you don’t
condition the wood and like wider planks and don’t
like gaps? Consider a floating floor. New to the technology front—only a half century of experience to go
on. Handles the movement part and is great for sound
attenuation as the slip surface is often a thin foam
layer.
Ah, style and a lack of knowledge coupled with wet
concrete makes you wonder if walking the plank is not so
bad an idea.

www.info.hotims.com/49810-5
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Steven T. Taylor

Select & Control Economizer
Dampers in VAV Systems
BY STEVEN T. TAYLOR, P.E., FELLOW ASHRAE

Last month’s column1 discussed how to control return fans in VAV systems. This
month, we will discuss a closely related subject: how to select and control economizer
dampers in VAV systems.
Damper type, sizing, and control strategies vary
depending on the type of building pressure control system. The three common types are:
1. Relief Dampers (aka non-powered or barometric
relief) as shown in Figure 1;*,2
2. Relief Fans (aka powered exhaust fans) as shown in
Figure 2; and
3. Return Fans (aka return/relief fans) as shown with
Airflow Tracking in Figure 3A and with Direct Pressure
Control in Figure 3B.
Figures 1 to 3B also show three common options to control minimum ventilation outdoor air. The advantages
and disadvantages of these options, and others, will be
the subject of a future Engineer’s Notebook column.

Control Logic
Conventional economizer control logic calls for the
return air damper to close as the outdoor air damper
opens. For systems with return fans, conventional logic
calls for the relief air damper to track the outdoor air
damper. This is shown in Figure 4. But this logic is not
optimum for multiple-zone VAV system applications.
For VAV systems using Relief Dampers (Figure 1) or
Relief Fans (Figure 2), pressure drop and supply fan
energy can be reduced by sequencing the outdoor air
and return air dampers, as shown in Figure 5. The pressure drop savings is readily apparent at the 50% outdoor
air signal: the two dampers are both wide open rather
than both half closed. This substantially reduces pressure drop through the mixing plenum, particularly
if the dampers have opposed blade action (discussed
*The figure shows direct pressure control with motorized relief dampers. Gravity type barometric
dampers are also an option. See Reference 2 for a comparison of these two options.
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further below). The damper sequencing shown in Figure
5 can be achieved by using separate control system
outputs to the two dampers (which may also be needed
for minimum outdoor air control, to be discussed in a
future column) or by sequencing the active range of the
actuators, e.g., 0 to 5 VDC for one and 5 to 10 VDC for the
other.
Conventional logic is also not optimum for systems
with Return Fans (Figure 3A and Figure 3B). Not only does
it increase pressure drop and supply fan energy, it can
cause reverse outdoor airflow through the relief damper
when Airflow Tracking control is used.3 This can result
in excess outdoor air intake, depending on minimum
ventilation control logic, and also may cause contaminated air to be drawn in through the relief outlet since
its location may not meet the code and Standard 62.1
separation distances to pollutant sources required of
outdoor air intakes.
A better economizer control sequence for systems with
Return Fans and Airflow Tracking control is shown in
Figure 6 and summarized as follows:
• Simply open the outdoor air damper fully. This is
true even when the economizer is disabled, i.e., open
the outdoor air damper whenever the air handler is on
in occupied mode. (It is closed when the air handler is
off or when operating in non-occupancy modes such as
night setback, warm-up, etc.)
• Modulate the return air damper off the supply air
temperature loop in sequence with the mechanical cooling per standard economizer control logic.
Steven T. Taylor, P.E., is a principal of Taylor Engineering in Alameda, Calif. He is a member of SSPC 90.1 and chair of TC 4.3, Ventilation Requirements and Infiltration.
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• The relief damper modulates as
the inverse of the return damper.
For Return Fan systems using
Direct Pressure control, the
sequence is the same except the
relief damper is controlled independently off of building pressure.
It may be counterintuitive, but
economizer outdoor air dampers
on air handlers with return fans
have no impact on the outdoor airflow rate into the mixing plenum.
Instead the return fan and return
damper controls dictate outdoor
airflow. From ASHRAE Guideline
16:4 “The flow of outdoor air … is
always the difference between the
supply airflow and the return airflow through path PL-1 to PL-2, and,
therefore, the [outdoor air] damper
size and type have no effect on the
amount of outdoor air.” Fully opening the outdoor air damper rather
than tracking the other dampers
reduces pressure drop and fan
energy, and it ensures there is no
backflow through the relief damper
for systems using Airflow Tracking
control (see Reference 3 for more
details).

Damper Selection

FIGURE 1 Relief damper.

P-2
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FIGURE 2 Relief fan.

P-2
Speed
M-2 Control

Return/Relief
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Relief Air
Relief
Damper Relief
D-1 Fan
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Atmosphere
(Outdoors)
V-1

Outdoor Air
Outdoor Air

M
Mixed Air
Plenum
Economizer OA PL-2
Damper D-3
Airflow Sensor

Minimum OA M
Table 1 is a summary of recomDamper D-4
mendations for damper action
and sizing, adapted from ASHRAE
Guideline 16. Recommended
damper action is referred to as either parallel blade
damper (PBD) or opposed blade damper (OBD) (Figure 7).
One important point in selecting economizer
outdoor air and return air dampers is that the concept of “damper authority”5,6 does not apply. The
damper authority concept applies to dampers that
throttle airflow but economizer dampers do not;
they are mixing dampers and are not intended to
vary overall airflow. This fact, and other factors, are
considered in Guideline 16 and Table 1 damper sizing
recommendations.

MIN T-2
Return Air
Damper D-2
M

M

Filter Cooling
Coil

T-1

[B]
Building

Supply
Fan
Supply Air
Speed
Control
P-1

Relief Damper System
For VAV systems using Relief Dampers (Figure 1), the
most important damper from a sizing perspective is the
relief damper (D-1). The relief system relies on building pressurization to cause excess outdoor air to relieve
to atmosphere. The relief damper and entire relief
path (Path B to A in Figure 1) must be sized large enough
to prevent overpressurization of the building, i.e., no
more than about 0.05 to 0.10 in. w.c. (12 to 25 Pa), when
the VAV system is supplying maximum outdoor air.
The resulting face velocity will therefore be very low,
N OVEM BER 2014
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typically 200 to 500 fpm (1 to 2.5
FIGURE 3A Return fan with airflow tracking control.
m/s).
The economizer outdoor air
Return
damper (D-3) should be selected for
Relief Damper
Airflow
Fan
D-1
Sensor
low pressure drop to minimize supReturn/Relief
Relief Air
Return Air
Air Plenum
ply fan energy. Damper face velociPL-1
M
ties from 400 to 1,500 fpm (2 to 8
Speed
Control
m/s) at design flow are typical; the
[A]
[B]
V-1
range is a function of space availAtmosphere
Building
MIN T-2
T-1
(Outdoors)
ability and cost. From a functionalReturn Air
Supply
V-2
M Damper D-2
ity standpoint, damper size does
Fan
M2
M
Mixed
Air
Supply Air
Airflow
not matter. Often, because of space
Outdoor Air
Plenum
Sensor
limitations, this damper is the same
Economizer OA PL-2
Filter Cooling Airflow
Speed
Damper
D-3
Coil Sensor Control
size as the outdoor intake louver and
thus has very low velocity to avoid
P-1
rain entrainment.
Similarly, the return air damper
(D-2) pressure drop should genFIGURE 3B Return fan with direct pressure control.
erally be low to minimize supply
fan energy. Damper face velocities
from 800 to 1,500 fpm (4 to 8 m/s)
Return
Fan
at design flow are typical. In cold
M
Return/Relief
Relief
Air
climates where coil freezing is posReturn Air
Air Plenum
PL-1
Relief Damper
sible and no other mixing device
Speed
D-1
(e.g., air blender) is provided, the
Control
P-3
[A]
[B]
design velocity should be on the
Atmosphere
Building
T-2
MIN
T-1
high end of this range to encour(Outdoors)
Return Air
Supply
V-1
age mixing (see ASHRAE Research
M Damper D-2
Fan
M2
M
Mixed Air
Project 10457).
Supply Air
Airflow
Outdoor Air
Plenum
Sensor
Where outdoor air and return air
Economizer OA PL-2
Filter Cooling
Speed
dampers are controlled so that one
Damper D-3
Coil
Control
opens when the other closes (Figure
P-1
4), both outdoor air and return air
dampers should be PBDs to minimize
pressure drop and reduce fan energy.
Figure 8 shows why: the pressure drop across the mixing
improvement in mixing efficiency vs. dampers that
plenum is almost constant for PBDs and rises significantly were rotated 90°, but their tests were limited, and earwhen dampers are 50% open for OBDs. The reason is
lier research8 found angled parallel blade dampers did
improve mixing.
apparent from Figure 7: at 50% open, PBDs have a much
larger free area than OBDs.
Relief Fan System
Where outdoor air and return air dampers are
Economizer outdoor air and return air damper selecsequenced (Figure 5) as recommended, either PBDs or
OBDs may be used. Many designers (including the author) tions for VAV systems using Relief Fans (Figure 2) are the
same as those with Relief Dampers described earlier.
still prefer parallel blade dampers with the outdoor air
The one difference is the relief damper (D-1). This
and return air damper blades oriented to direct airflow
damper is typically a two-position damper interlocked
into each other to encourage mixing. RP 1045 found this
to the relief fan. As such, it should be selected for low
provided only marginal and statistically insignificant
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FIGURE 5 Economizer damper control for systems with relief dampers or relief fans.

FIGURE 4 Conventional economizer damper control.

0

100
Outdoor Air Damper
Relief Air Damper

CHW Valve

Return Air Damper

Damper/Valve Position, % Open

Damper/Valve Position, % Open

100

0

Supply Air Temperature Control Loop Output Signal

FIGURE 6 Economizer damper control for systems with return fans and airflow

tracking control.
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TABLE 1 Economizer damper action and sizing.
RELIEF SYSTEM
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Damper/Valve Position, % Open
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FACE VELOCITY FPM (M/S)
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Relief
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(2 to 5)

Outdoor Air
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Return Air

PBD
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Relief

PBD
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400 to 1,000
(2 to 5)

Return Air

PBD

Note 2

Relief
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Return Air
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Note 2
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Relief Air Damper
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Return Air Damper

0
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pressure drop to minimize relief fan energy and may be
either a PBD or OBD.
Costs would be reduced if a gravity backdraft
damper were used, but gravity dampers should not
be used with variable speed fans because they do
not fully open at low speeds, increasing fan energy.
They also can be pushed open during off-hours in
cold weather due to stack effect, increasing nighttime
infiltration and thus increasing morning warmup
energy use. Finally, if a motorized damper is used, it
may be controlled as the first stage of relief to reduce
fan energy; prior to turning on the relief fan, simply
open the relief damper to allow air to be relieved
using building pressure (similar to Figure 1) through
the inactive fan. This can be very effective with high
free area fans like propeller fans.

Return Fan System
For VAV systems using Return Fans with Airflow
Tracking control (Figure 3A), the outdoor air damper
can be either PBD or OBD since it is simply open or
closed. Outdoor air damper size does not affect control
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Relief Fans

Return Fan with
Airflow Tracking
Control

Return Fan with
Direct Pressure
Control

1. Size damper and entire relief path for less than 0.1 in. w.g. (25 Pa) at design return airflow rates,
typically 200 to 500 fpm (1 to 2.5 m/s).
2. Size damper so wide open pressure drop uses available pressure drop from PL-1 to PL-2 at
design return airflow rates, typically 1,500 to 2,000 fpm (8 to 10 m/s).

performance and sizing is simply a balance of first costs
and energy costs. (Design velocity may also be limited
by the requirements of the minimum airflow control
device, to be discussed in a future column.)
While Figure 8 was developed for mixing boxes, it
should apply as well to diverting assemblies such as

www.info.hotims.com/49810-8

Discussion and Conclusions
Conventional economizer damper control logic is
seldom optimum for VAV systems. The recommended
control logic above reduces fan energy use with little or
no increase in first costs. Damper size and control action
selections are also commonly non-optimum. Selecting
dampers in accordance with ASHRAE Guideline 16,
summarized earlier, will improve control and energy
performance.
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FIGURE 7 Parallel blade and opposed blade dampers at 50% open.
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FIGURE 8 Mixing box pressure drop with opposed blade vs. parallel blade mixing
dampers. (Adapted from References 9 and 10.)

Differential Pressure Across Mixing Box (in. w.g.)

return/relief plenum PL-1 when using Airflow Tracking
control. The relief and return air dampers should
therefore be parallel blade dampers to minimize pressure drop through the plenum. This also should provide relatively constant percentage flow either through
the return damper or through the relief damper for
any given damper position, which can improve the
performance of Airflow Tracking control, depending
on how return airflow is determined (see last month’s
column).
When using Direct Pressure control, relief dampers
should be OBDs and sized for a pressure drop equal
to 7% to 15% of the relief path total pressure drop,
per Guideline 16, to provide a fairly linear control
response.
With either building pressure control logic, return
dampers should be sized to use up the available differential pressure across the damper from the return/relief
plenum to the mixed air plenum. In typical air handler
applications, this DP will be about 0.25 to 0.75 in. w.g.
(63 to 190 Pa) and the damper can be selected for 1500 to
2,000 fpm (8 to 10 m/s) or more depending on damper
type. (Be sure to include damper entrance and exit
losses when making this selection; these pressure drops
will generally far exceed the pressure drop through
the damper itself.) Oversizing the return damper has
no operational value; the damper will simply throttle
to deliver the required return air/outdoor air ratio
required by the economizer controls or the minimum
outdoor air controls.
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Chilled Beams Selection
BY DAN INT-HOUT, FELLOW ASHRAE; AND LILLI WILBAR

Chilled beams have been prevalent in Europe for many years, and have become one
of the latest HVAC products to be adopted by engineers in the U.S. In fact, millions of
square feet (square meters) are heated and cooled with these devices every day. Simply
put, they are air-to-air induction diffusers with a coil. Much like any other piece of
building equipment, there is a need to balance both first cost and effective performance. However, the complexity of the product is such that if improperly selected, may
lead to unsatisfactory room temperatures, drafty conditions, or wasted energy.
History of Chilled Beams

Chilled Beam Selection Considerations

Chilled beam technology is not new by any means; in
fact, it was originally conceived and patented by Willis
Carrier in 1939, with the first installation occurring
sometime after World War II. Back then, they were typically located under a window and used relatively high
pressure (3 in. w.c. [750 Pa]) to induce room air near
the floor, which was passed through a coil, then out the
top of the unit. By keeping the water in the coils above
dew point, they were able to prevent condensation,
which eliminated the need for a drain pan. By the mid
1990s, European engineers had fabricated a linear slot
diffuser with induction nozzles and a coil. Their design
reduced the required inlet pressure to 0.75 in. w.c. (190
Pa), which was mainly due to a different design for the
induction nozzles and having reduced the fins per inch
on the coil to open it up. Similar to today’s designs, these
products were installed in, or hung from, the ceiling
where they projected air along that plane.

Aside from operational savings, there is also a desire to
minimize first costs. We often see engineers accomplish
this by both minimizing the active length and maximizing
capacity of the units. While well intentioned, this action
is likely to result in a non-uniform load capacity, creating pockets of hot and cold air as well as drafts. However,
design errors like this can be avoided once there is a better
understanding of the issues regarding proper selection.

Why Chilled Beams?
Given their success in Europe along with their potential energy savings, it’s no surprise that building owners
are often the driving force behind the decision to use
chilled beams. A few of the features and benefits include
reduced building fan airflow rates (where only outside/
ventilation air is provided by a dedicated outdoor air
unit or DOAS), small ducts, low unit heights, and the use
of water, which when slightly above the building’s dew
point, can allow for water-side economizer mode. By the
nature of the system, they can also eliminate the need for
a building’s central air handler, freeing up interior space.
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Principle of Induction
To begin, let’s discuss the principle of induction. For
chilled beams, there are typically two induction sites.
One is inside the unit, where primary air is introduced
through nozzles, which create high velocity jets that in
turn generate low pressure and induce room air at the
bottom of the unit through a coil. The second location is
just outside the unit where the jet of leaving air (through
the slot) induces room air at the ceiling. By using the
potential energy stored in the form of pressure in the primary airstream, room air is drawn through the coil and
delivered to the space with low building fan energy use.

Induction Rate
At a constant supply pressure, the induction rate is a
function the airflow rate and external pressure. If the airflow varies, the induction rate will vary by the square or
cube of the airflow rate, depending on the geometry of the
device. Most chilled beams are used as constant volume
Dan Int-Hout is a chief engineer and Lilli Wilbar is communications manager at Krueger
in Richardson, Texas. Int-Hout is a member of SSPC 55, SPC 129 and consultant to
SSPC 62.1.
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devices and have a fixed induction rate, which allows them
to control room temperature by regulating the water flow
through the coil. What this means is that the load capacity range is limited by the water coil heat transfer rate.
It also suggests that the measurement of the “induction
rate” is complex and difficult to arrive at without affecting the rate itself. In the latest version of the ASHRAE
test method for chilled beams, capacities will be determined using procedures similar to those currently used
for fan coils and other types of equipment, which measure actual Btu/h delivered into a space.

Avoiding Condensation
To avoid condensation, both the primary air and
chilled water need to be at or above the space’s dew
point. On average, that temperature is around 60°F
(15°C), with the discharge air temperature just a few
degrees higher. So, if our target room temperature is
73°F (23°C), one would probably want to design for a
supply temperature at about 63°F (18°C) or a room discharge ΔT of 10°F (5°C).

“L”
“L” +3 ft
T50

Comfort Zone

9 ft

6 ft

FIGURE 1 Jet collission.

15 ft

15 ft

15 ft

15 ft

15 ft

15 ft

Load Considerations
One of the first considerations in any design should be
satisfying room loads, both latent and sensible. The primary air will help fulfill the requirements of the latent
load, but it is important that it have a dew point lower
than the actual supply temperature. For the sensible
load, this is handled by a combination of cool primary
and induced air passing through a cool coil. Given these
properties, chilled beams are best employed in spaces
that have low latent and relatively constant sensible
loads. Of course, if the local space loads are lower than
the minimum load capacity (water off, DOAS air providing cooling and dehumidification), the space will either
become subcooled or the unit will go into heating mode.

Reducing First Costs
To reduce first costs, we often see designs that maximize the capacity and reduce the required length of a
beam. While no doubt a good first cost strategy, it may
be a poor choice in providing uniform (and acceptable)
temperatures throughout a space. Much like linear slot
diffusers, chilled beams have the same type of air distribution limitations. They both provide two-way discharge
air patterns and create collisions from opposing units,
with stagnant spaces between the ends.

4 ft

4 ft

15 ft

15 ft

15 ft

4 ft Spaced Beams
240 ft2 Coverage per Beam
(200 cfm × 10 DT ) / 240 ft2 = 8 Btu/h·ft2 (2.4 W/ft2)
Assuming 1,000 Btu/h per Linear Foot
FIGURE 2 Four foot spaced beams.

Spacing and Jet Collisions
Few manufacturers publish throw data for chilled
beams, so it makes predicting jet collisions difficult, if
that is all we are referencing. However, if we look at the
chilled beam as a linear slot diffuser, it does give us the
ability to make estimations that we could not make otherwise. That being said, if we take the per foot capacity of
the chilled beam and divide it by 10 (the typical ΔT), we
N OVEM BER 2014
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15 ft
15 ft

15 ft

15 ft

15 ft
4 ft

4 ft

15 ft

15 ft

15 ft

15 ft

15 ft

4 ft
15 ft

15 ft
Offset, 4 ft Spaced Beams
120 ft2 Coverage per Beam
(200 cfm × 10 DT ) / 120 ft2 = 16 Btu/h·ft2 (4.7 W/ft2)
Assuming 1,000 Btu/h per Linear Foot

2 ft

15 ft

FIGURE 4 Staggered beams.

2 ft

15 ft

15 ft
25 ft

25 ft

25 ft

25 ft

25 ft

25 ft

2 ft Spaced Beams
180 ft2 Coverage per Beam
(200 cfm × 10 DT )/180 ft2 = 11 Btu/h·ft2 (3.2 W/ft2)
Assuming 1,000 Btu/h per Linear Foot
FIGURE 3 Two foot spaced beams.

are able to calculate the effective cfm/foot. Then, referencing that value in the performance data for a two-way
throw of a similar linear slot diffuser (at that flow rate),
we can see if a collision is likely. Typically, the goal is for
the 50 fpm (0.25 m/s) throw values to be no greater than
one-half of the diffuser spacing (L) plus the distance
from 6 ft (1.8 m) to the ceiling as shown in Figure 1.
Let’s run through an example for a chilled beam that
produces 500 Btu/h·ft (481 W/ft).
First, we reference the performance data of a linear
slot diffuser with similar unit specifications.
• 4 ft (1.2 m) long unit
• 2 in. (51 mm) slots (quantity two)
• Two-way throw pattern
• 50 cfm/ft (77 L/s·m)
The catalog data we reference for this example states
that the throw to 50 fpm (0.25 m/s) is 18 ft (5.5 m).
What this means is that if we have a 9 ft (2.7 m) ceiling,
60
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4 ft
25 ft

4 ft
25 ft

25 ft

High Capacity, 4 ft Spaced Beams
400 ft2 Coverage per Beam
(400 cfm × 10 DT ) / 400 ft2 = 10 Btu/h·ft2 (2.9 W/ft2)
Assuming 1,000 Btu/h per Linear Foot
FIGURE 5 High capacity beams.

the chilled beams would have to be 30 ft (9 m) apart to
avoid collisions of the opposing airstreams entering into the
occupied zone. So, if we take a a 4 ft (1.2 m) chilled beam on
30 ft (9 m) centers that produces 2,000 Btu/h and has a 4 ft

www.info.hotims.com/49810-18
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(1.2 m) gap between the ends, it would provide 240 ft2 (22
m2) coverage or 8 Btu/h·ft2 (25 W/m2) and is probably the
right design for a typical open plan office (Figure 2, Page 59).
For instances where the load might be higher, it is
likely that drafts will be created if the units are placed
closer together, so to combat this, the end spacing
should be reduced. Giving a 2 ft (0.6 m) gap between the
ends will allow coverage for 180 ft2 (17 m2) or 11 Btu/h·ft2
(35 W/m2). (Figure 3)
Some would say an effective strategy to avoid collisions
would be to offset opposing units. This can work, but
only if the end spacing is equal to the active length of
the unit. Done correctly, the units could be placed closer
together, which would then increase the per square foot
(square meter) load capability, delivering 16 Btu/h·ft2
(50 W/m2) (in our example). There has been some push
back from architects with regard to this type of configuration, but often times, locating the lights in the gaps
seems to be an acceptable solution (Figure 4).
Some manufacturers offer a “high capacity” chilled
beam, which is around 1,000 Btu/h·ft (961 W/m). For
units this large, the airflow might be near 100 cfm/ft (155
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HVAC Control Systems
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• Provides a thorough introduction to design,
installation, operation and maintenance of
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L/s·m) (at 10°F ΔT) and provide throws upwards of 28 ft
(8.5 m). To avoid jet collisions, the units would need to
be spaced about 50 ft apart. (Figure 5)

Turndown
Reducing the supply airflow rate in response to lower
loads tends to complicate the situation. As the primary
flow is reduced, the induction nozzle velocity drops,
which in turn lowers the induction effect and pressure
across the coil. While one might think that the supply airflow and throw may lower in proportion to each
other, this is not always the case. To make matters worse,
if the flow rate to one chilled beam is varied, it will affect
the flow to all the others in the system, so for those particular cases, a pressure independent supply damper
would be required to effectively employ this strategy. If
you recall, the ASHRAE Journal article published in April
2012 titled “Don’t Turn Active Beams Into Expensive
Diffusers,” explains this issue very well.
In the recently completed ASHRAE Research Project
1515, it was found that interior loads at the Yahoo facility
in California were as low as 6 Btu/h·ft2 (19 W/m2). This is
a far lower number than many buildings are designed
around today, which on average is 23 Btu/h·ft2 (73 W/
m2) or more. So, if a typical design load is used, the
turndown of the chilled beam is an important consideration. As mentioned earlier, at constant primary flow,
the unit’s response to water flow rate will determine the
reduction in discharge temperature.
Finally, there are limitations that are inherent to the
design of chilled beams that may make the ability to
handle high perimeter loads problematic, whether
it is heating or cooling. Reference the article from
the ASHRAE Journal published in August 2014 titled
“Variable Volume DOAS Fan-Powered Terminal Unit,”
which discusses the use of a “chilled box” that employs
many similar system features, but differs in that it uses
an integral ECM fan to help overcome the performance
that results from using induction from a central fan.
While not a new technology, chilled beams are not
without complexities or challenges. To ensure that
designs using these devices are comfortable, energy
efficient, and able to realize expected loads (both imagined and actual), it is important that engineers not only
become more familiar with the product, but also take
into account the many selection considerations, including first cost, that can make or break its success.
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The King County Housing
Authority Central Annex renovated a former big box retail
store into a typical modern
office. The building uses energy
recovery ventilation with EC
motors and a variable capacity heat pump system with 50
zones. Another feature is low
lighting power design.

SECOND PLACE
COMMERCIAL BUILDINGS, NEW

Revamping

Ho-Hum Strip Mall

BY SHAWN ORAM, P.E., ASSOCIATE MEMBER ASHRAE

BUILDING AT A GLANCE

King County
Housing Authority
Central Annex
Location: Tukwila, Wash.
Owner: King County Housing Authority
Principal Use: Office
Includes: Private and Open Offices, Conference Rooms, Restrooms, Break Room
Employees/Occupants: 118 people
Gross Square Footage: 35,200
Conditioned Space Square Footage: 35,200
Substantial Completion/Occupancy: December
2012

Revamping a ho-hum strip mall building into a high
performance office building with a modest budget is
possible if designers are focused on energy efficiency
and costs from the beginning. King County Housing
Authority turned a 1978 building into a high performance office and achieved a low energy use intensity
(EUI) of 26.7 kBtu/ft2·yr (303 MJ/m2), making it one of
the most energy efficient office buildings in the region.
This was accomplished with a total construction budget
of only $95/ft2 ($1023/m2) of which $14/ft2 ($151/m2) was
spent for a 50-zone HVAC system.

Occupancy: 100%

Shawn Oram, P.E., is a mechanical engineer with Ecotope in Seattle.
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ABOVE Controls system.
LEFT Open office space.

New Home for a Public Housing Agency
The King County Housing Authority jumped at the
opportunity to purchase a former big box retail store
that became available next door to its existing headquarters in Tukwila, Wash., (11 miles south of Seattle).
At that time, the public housing agency’s Section 8 program employees were housed in leased office spaces
dispersed throughout the Seattle area. The purchase of
the 34-year-old building would bring together previously separated departments and promote an integrated
agency culture. However, the timeline and budget were
extremely constrained to complete the renovation
before the existing leases expired.
The 35,200 ft2 (3270 m2) remodeled space contains all
major functions of a typical modern office. The project
goals were to create an affordable, energy efficient, net
zero energy ready building. The design team delivered
on this goal, turning an otherwise unremarkable and
inefficient existing building into one of the most energy
efficient office buildings in the region for a total construction cost of $95/ft2 ($1023/m2).

Targeted Measures for Proven Performance
Because of the compressed timeline and modest budget,
in-depth energy modeling was not an option. Therefore,
the design team chose to target proven energy-efficiency
measures using careful design and readily available offthe-shelf technology assembled with an explicit focus on
performance. The entire HVAC system construction budget came in at less than $14/ft2 ($151/m2).
The existing headquarters building in the adjacent
property and the new expansion are nearly identical
in size and heat loss characteristics, yet differ dramatically in energy use and equipment approach.
The existing headquarters is operating at an EUI of
80 kBtu/ft2·yr (908 MJ/m2·yr). The new expansion is

operating on less than one-third of the energy budget
at an EUI of 26.7 kBtu/ft2·yr (303 MJ/m2·yr). This is 70%
less than the Commercial Building Energy Consumption
Survey (CBECS) 2003 national average for office buildings of this size at about 93 kBtu/ft2·yr (1056 MJ/m2·yr).
The primary driver for this extremely low energy use
is a “Design for Off” approach to the HVAC systems. The
HVAC systems were selected and designed to be shut off
whenever possible. Ventilation is provided with a dedicated outdoor air system (DOAS) that operates during all
occupied hours. Heating and cooling is provided in 50
separate small control zones. This allows for the heating and cooling equipment to be turned off completely
unless there is a call for heating or cooling at the zone
level. Controls are set up to create a 5°F (2.7°C) deadband between heating and cooling setpoints to eliminate
cycling of equipment between heating and cooling.
These measures dramatically reduce the HVAC distribution energy as seen in Figure 1.

Envelope Performance
Early design efforts focused on maximizing the energy
performance of the building and to provide high indoor air
quality within the project budget. The largest energy efficiency expense was replacing the existing single-pane aluminum frame glazing with high performance low-e glazing
with a U-factor 20% better than ASHRAE/IESNA Standard
90.1-2007 requirements (U 0.40). The glazing SHGC of
0.18 is less than half the maximum allowed by Standard
90.1-2007 and was specifically selected to reduce cooling
loads from the large West-facing façade. Triple-glazed
translucent skylights were added to provide daylighting
to interior corridors and office zones without significantly increasing heating and cooling requirements.
Construction schedule and budget precluded significant improvement to the rest of the existing building
N OVEM BER 2014
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envelope. Existing walls were insulated with R-11 fiberglass. Some exterior walls were furred out and brought
up to R-19. The roof is insulated to only R-20 (no work
was done on the roof). These insulation levels are well
below current Washington State Energy Code for new
construction and below Standard 90.1-2007 requirements. After a cost-benefit analysis, it was determined
that investing in a high performance HVAC system
could offset the relatively poor performance of the
building envelope.

EUI (kBtu/ft2 · yr)
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FIGURE 1 KCHA energy use comparison.

Dedicated Outdoor Air System
The VCHP system achieves an average annual COP of
The built up energy recovery ventilation (ERV) system
about 3.0 in heating without the need for any auxiliary
was designed and selected for very low fan energy and
heat source. The heat pumps maintain nearly full output
high heat recovery effectiveness. The ECM fans provide
capacity to temperatures well below Seattle’s outdoor
100% outdoor air ventilation at less than 0.75 W/cfm.
heating
design temperature of 24°F (–4°C). The building
The ERV system needs only small (inexpensive) ducts to
deliver air directly to all habitable spaces while continu- includes both interior and perimeter zones and during
the swing seasons the VCHP system
ously exhausting stale air from spehas the ability to provide direct heat
cific high pollution locations (conferrecovery if some zones are in heatence rooms, large offices, restrooms,
HVAC
$14
ing while others are in cooling. While
kitchen, copy room, janitor, server
the VCHP heat recovery option has
room) during occupied hours.
Electrical
$13
the potential to significantly increase
The apparent sensible heat recovery
Other
efficiency, in practice we have found
effectiveness of the ERV is greater
$64
Plumbing
that the system rarely enters this heat
than 86%. This allowed the elimina$2
recovery mode. When the building
tion of a reheat system in the ventilaFire Protection
loads are controlled, the true benefits
tion supply airstream. Even at design$2
of VCHP are realized: excellent effiday temperatures (24°F [–4°C]), the
FIGURE 2 KCHA construction budget ($/ft2).
ciency at full and part load operation
ERV delivery temperature is in the
and low fan power energy. No DDC
60s.
system was needed as the VCHP control system was used
as the building control system for the ERV and heating
Zoning for Energy Efficiency and Control
and cooling scheduling.
The variable capacity heat pump (VCHP) system was
designed with 50 discreet control zones, allowing for a
high degree of individual occupant control and comfort. Indoor Environmental Quality
Indoor environmental quality was an important design
Since the design completely separates the ventilation
requirement expressed by the client in the predesign
system from the heating and cooling system, this allows
phases. The project sought to provide ample filtered outthe fans for the zonal VCHP system to cycle only when
there is a call for heating or cooling in the serviced zone. door air, low off-gassing materials, daylighting in main
circulation spaces, low noise variable speed equipment,
Fan energy for the delivery of heating and cooling is
thereby reduced to a small fraction of a typical building. and occupant control of their spaces.
The building uses three highly efficient counter-flow
In addition, most spaces are served with ductless T-bar
ceiling mounted indoor heat pump equipment. Ductless air-to-air energy recovery ventilators for all zones, with
100% outdoor air sized per Standard 62.1-2010. Budget
high efficiency fans in this equipment operate at a
constraints didn’t allow for variable airflow volumes
small fraction of the fan energy required by typical fully
in conference rooms and modeling confirmed that the
ducted fan coil systems or VAV systems.
66

ASHRAE JOURNAL

ashrae.org

N OVEM BER 2014

www.info.hotims.com/49810-33

EUI (kBtu/ft2 · yr)

2014 ASHRAE TECHNOLOGY AWARD CASE STUDIES

1970s strip mall was transformed into a high performance office building.

slight hit for delivering peak airflow to empty conference
rooms was not going to impact system performance if
conditioning of this air is not required and the heating
system has a COP of 3.0. This DOAS constant volume
design decision simplified the design significantly and
was a key piece to reducing costs. The ERVs are located
in an isolated mechanical mezzanine for sound control.
Fans are isolated from the structure and ducts have flexible connections in addition to sound lining within the
mechanical space. Outdoor air is filtered to MERV 10 and
delivered to all zones on a continuous basis during occupied hours.
Zero VOC paints and carpets are used throughout each
space; all woodwork is non-composite with zero VOC
finishes. Ample daylighting is provided for all main circulation areas via high efficiency skylights located above
specially designed lightshelves to further reduce lighting
energy. General building lighting was designed at 0.55
W/ft2 (5.9 W/m2) with task lights provided at each work
station.

Operations & Maintenance
O&M is extremely simple for this system. The VCHP
controls are scheduled to run the ERV system from about
one hour before opening until about one hour past closing. The indoor temperature setpoints toggle between
occupied and unoccupied setpoints. Each of the 50
interior zones has an accessible thermostat with separate heating and cooling setpoints that can be directly
adjusted temporarily by the occupants. This significantly
reduces temperature-related complaints as each zone
has individual control of the thermal comfort.
The ventilation system requires little regular maintenance. The ERVs are centrally located in an easily
accessible mechanical mezzanine above the restrooms.
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FIGURE 3 KCHA EUI comparison.

The mezzanine has ample head room, lighting, and
working clearances. To keep the heat exchange cores of
the three ERV units clean, filters are located before each
side entry/exit location (four filters total, three on each
exhaust run and one shared larger filter on the outdoor
air intake). These filters require quarterly replacement.
The indoor fan coil units associated with the VCHP system
cycle only on a call for heating or cooling, so their filters
require cleaning only in the spring and fall. The heat pump
compressors are located on the roof and require diagnostic
tests and refrigerant charge check every two years.

Cost Effectiveness
This project was extremely cost effective. The entire
renovation was completed for a construction cost of
$95/ft2 ($1023 m2). The HVAC system was installed for
$14/ft2 ($151 m2). This is significantly less than installation of a traditional VAV system for about $20/ft2
($215/m2) In addition, the project will save roughly
$35,000/yr in energy operating costs compared to a typical office building design. This demonstrates that careful
design, sizing, and energy conservation measures can
allow the HVAC system to be smaller, simpler, cheaper,
and more energy efficient.
The electric utility provided energy conservation
incentives to help pay for the lighting controls, improved
glazing performance, and commissioning services.

Environmental Impacts
With an additional investment of less than $20/ft2 the
building could accommodate enough solar panels to
generate as much energy as the building uses annually.
The roof structural system was evaluated and is capable
of supporting the 265 kW of solar panels (76% of the roof
area) necessary to make this building net zero energy.

2014 ASHRAE TECHNOLOGY AWARD CASE STUDIES

VCHP Outdoor Condenser Unit

Outside Air Intake
Filter Box

VCHP Heat Recovery Manifold

Ducted HP Fan Coil

Louvered
Penthouse

New Skylight

New
Skylight

Filter Box
Open Office

Light
Shelf

ECM Fans
Cross-Flow Heat Recovery
Core (Typical of 3)

Hall

Bathrooms/Storage

Hall

FIGURE 4 KCHA central annex mechanical schematic.

Electrical conduit was run and space was allocated in the
electrical room for future solar electric components. The
intent of the client is to offer the roof area for community-owned solar panels.
This project saves about 685,000 kWh/yr or roughly
890,000 lbs CO2 (404 metric tons) per year compared
to a typical office building of the same size. Water use by
low flow plumbing fixtures is about 30% less than typical;

saving roughly 55,000 gallons (209 000 L) of potable water
per year. At an EUI of 26.7 kBtu/ft2·yr (303 MJ/m2), the
King County Housing Authority’s Central Annex is operating more efficiently than 98% of all office buildings nationwide. This project demonstrates older existing buildings
do not have to be demolished to make way for more efficient new buildings and that this level of energy efficiency
is accessible within a modest renovation budget.
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The renovation of the Otto
Maass Building’s laboratories,
mechanical rooms and distribution shafts for lab areas reduced
the annual building energy
consumption by 59%. Efficiency
measures focused primarily on
heat recovery and airflow control based on user needs.

Efficient Labs
For University

BY NICOLAS LEMIRE, ENG., HFDP, MEMBER ASHRAE; PIERRE-LUC BARIL, ENG., HFDP; AND ÉMILIE L’ITALIEN LE BLANC, ENG., ASSOCIATE MEMBER ASHRAE

BUILDING AT A GLANCE

Otto Maass
Laboratory Building
Location: 801 rue Sherbrooke Ouest Montreal, Quebec, Canada (McGill University Downtown Campus)
Owner: McGill University
Principal Use: Education and research in
chemistry
Includes: Teaching and research laboratories, classrooms, lounge, large lecture hall
Employees/Occupants: 726
Gross Square Footage: 140,000
Conditioned Space Square Footage: 125,000
Substantial Completion/Occupancy: July 2011
Occupancy: 100%

Because the mechanical system supplying the lab
area of the Otto Maass Building at McGill University
in Montreal had not been renovated since 1964, the
building was one of the largest energy consumers
on campus. Following a renovation, building energy
consumption dropped from 13% to 5% of the total
energy consumed on the entire campus.
Sixty percent of the building’s 140,000 ft2 (13 000 m2)
is labs. Prior to renovation, in the laboratory area the
average fume hood density was 19 chemical fume
hoods per 5,000 ft2 (465 m2). The building’s ventilation system operated at a constant flow rate of 135,000
cfm (63 700 L/s) and operated 24/7. Steam was generated from the power plant (natural gas) and a 850 ton
(2990 kW) local chiller was located in the penthouse.

Nicolas Lemire, eng., is president and principal; Pierre-Luc Baril, eng., is associate and design engineer; and Émilie
L’italien Le Blanc, eng., is design engineer at Pageau Morel in Montreal.
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ABOVE Lab prior to renovation.
LEFT 1965 photo of Otto Maass Building.

Renovation
The 2009 renovation included 37,500 ft2 (3500 m2) of
laboratories and all mechanical rooms and distribution
shafts serving laboratory areas. The objectives of the project
were to improve safety and comfort for the users, increase
energy efficiency and flexibility, and maintain operations
while retrofitting labs. The building had to be highly energy
efficient while providing improved air quality to occupants
and minimizing impact on the environment. Design conditions in Montreal are –20°F (–28.9°C) in winter and 88°F
dry bulb/75°F wet bulb (31.1°C/23.9°C) in summer.
The biggest concern was maintaining a safe, secure,
and healthy environment for users while replacing all
HVAC equipment. One solution was to install temporary
HVAC systems in the courtyard to supply the spaces that
were left occupied.
To provide adequate air quality to researchers and students, it was necessary to carry out the work in phases.
Four temporary 100% fresh air ventilation systems with a
total capacity of 120,000 cfm (56 600 L/s) were installed
outside the building to ensure a high level of air quality
to the users. Temporary supply and exhaust ducts were
installed on the exterior walls all around the building
and served each occupied room.
During the year-long project laboratory work had to
be carefully planned and scheduled so researchers had
enough lab space to continue their experiments. At the
end of the project, a total of 150,000 cfm (70 800 L/s) of
capacity were installed (six supply systems of 25,000 cfm
[11 800 L/s] each at 100% fresh air and six exhaust systems of similar capacity).
The energy efficient installations included:
• VAV terminal devices and fume hood;
• Motion sensors for light and fumes hoods;
• Ventilation and fume hood face velocity;
• Runaround glycol heat recovery loop;

• Low temperature terminal reheat;
• Low velocity system;
• Reuse of office air for minimum ach required in lab
space;
• Precooling of exhaust air; and
• Heat recovery from major server room located in
the adjacent building (±1,025 kBtu/h [300 kW]) 24/7.

Energy Efficiency
Otto Maass’s laboratory areas require large supplies
of fresh air, which must be directly exhausted outside.
Therefore, energy efficiency measures are mainly
focused on heat recovery and on airflow control based
on actual user needs. Systems have typically been optimized with respect to the requirements of ASHRAE
Standard 90.1-2007.
First, a runaround glycol heat recovery loop (to prevent
cross contamination) with a total capacity of 150,000
cfm (70 800 L/s) is used to recover heat rejected from
fume hoods and preheat supply air at 100% outdoor air
(Figure 1). To maximize recovery efficiency during the
summer, the exhaust air is humidified by spraying condensate water collected on the cooling coils. Exhaust air
is precooled with this humidification process, resulting
in a higher temperature difference between supply and
exhaust (and a higher efficiency).
Furthermore, terminal reheat is carried out using a low
temperature heating loop. Energy used to heat this loop
is partially obtained by recovering rejected heat from the
equipment room (laboratory process equipment) located
in the Otto Maass building and from the computer room
located in the neighboring Burnside building (Figure 2).
Energy recovered from Burnside is about 1,025 kBtu/h
(300 kW) and is available year-round.
There were no meters to monitor the building’s consumption prior to renovation. So, to evaluate the energy
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FIGURE 2 Heat recovery loop between Otto Maass and adjacent Burnside building.
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FIGURE 3 Simulated energy consumption per use for existing and renovated building.

efficiency of the renovated building, the consumption
of the existing building was simulated using Canmet
ENERGY’s EE-4 software that uses DOE-2 in the background and according to Canada’s Model National
Energy Code for Buildings (MNECB).
The energy consumption of the renovated building
was initially simulated and then measured over a oneyear period after the renovation. Figure 3 shows energy
consumption per use for the existing building and the
renovated building (as per simulation). The simulated
renovated building is 43% more efficient than the original building.
Total energy savings, as measured by the meters, is
more significant than those initially estimated through
simulations. The measured annual total energy savings
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FIGURE 1 Runaround glycol heat recovery loop with 150,000 cfm (70 800 L/s)
total capacity.
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FIGURE 4 Twelve months of actual energy data.

represent 59% of the original energy consumption.
The measured data are shown in Figure 4 (12 months
of actual energy data: heat recovery and energy consumption measured through time) and Table 1 (one
year’s consumption data for existing and renovated
building).
For the electricity, the difference between the simulation and the actual use could be explained, in part, by
the process laboratory equipment that was not considered in the simulation. For steam, the estimated
diversity with the VAV system is better than anticipated,
resulting in lower average air change per hour.

Indoor Air Quality and Thermal Comfort
The project mainly focused on the retrofit of research
laboratories that were equipped with an average of 19
hoods per 5,000 ft2 (465 m2). This retrofit was designed

2014 ASHRAE TECHNOLOGY AWARD CASE STUDIES

TABLE 1 Annual consumption of existing and renovated building.

ELECTRICITY

STEAM

TOTAL

kBtu/ft2

180

Savings
kBtu/ft2

600

Savings
kBtu/ft2
Savings

780

114

130

37%

27%

335

202

44%

66%

449

332

43%

59%

using a main workbench area (in the center) surrounded by fume hoods installed alongside the walls.
One of the project objectives, in relation to the
improvement of comfort and safety levels, was to limit
exposure to contaminants. Therefore, a glass wall was
installed between the laboratory and the write-ups area
for researchers (Photo 1). Hence, the researchers can
safely work and take notes, and still see what is happening in the lab, without being in contact with any contaminants. The two zones are independently ventilated.
The obsolete laboratory equipment was replaced by
newly designed VAV hoods that modulate the exhaust
flow in regards to the sash position (height). The hoods
are also equipped with occupancy sensors that modulate
the face velocity at the hood for 60 fpm (0.3 m/s) (nonoccupied) to 100 fpm (0.5 m/s) (occupied).
Also, the thermal insulation is installed on the exterior of the ducts rather than on the inside and silencers
are used to ensure the ventilation system’s cleanliness
and the quality of air distributed. Ventilation ducts and
plenum are constructed to reduce the opportunity for
growth and dissemination of micro-organisms through
the system. Construction complies with SMACNA standards, National Building Codes of Canada and to NFPA
when applicable. Ventilation systems are designed to
keep a negative pressure in laboratory areas to protect
contaminant-free areas.
The supply building system is 100% fresh air, including
the air supply to the office areas. Consequently, the air
quality requirements as defined in ASHRAE Standard
62.1-2007 are exceeded. Also, ventilation in labs use low
velocity displacement ventilation instead of dilution
ventilation. Air is supplied along the central portion of
the lab using laminar diffusers and is exhausted on the
perimeter wall with the fume hoods. This distribution
pattern ensures laminar flow of air entering the fume
hoods and prevents any contaminated air from exiting

PHOTO CREDIT NFOE et assosiés, architectes

EXISTING BUILDING RENOVATED BUILDING
RENOVATED
(SIMULATION)
(SIMULATION) BUILDING (MEASURED)

PHOTO 1 A glass wall was installed between the laboratory and the researchers’
write-ups area to limit exposure to contaminants.

the hoods. The air supply in the write-ups area is transferred into the lab to reduce the air needed for the fume
hoods.
Thermal comfort was analyzed using ASHRAE
Standard 55-2004. All zones in the building can maintain effective temperatures within the ASHRAE comfort
zone as defined in Standard 55-2004 for an average
occupant activity of 1.2 met with clothing of 1 clo. Light,
primarily sedentary activity and typical indoor clothing
are the general design conditions. A minimum humidity level of 30% is maintained during winter using steam
humidifiers installed in the main air-handling units.
During summer, a maximum of 60% relative humidity is
allowed.
Another significant improvement in relation to air
quality is the installation of high plume fans on the
building’s roof. These fans operate on a principle of
internal and external exhaust stream dilution to substantially dilute exhaust stream, reducing contaminant
concentrations in the air. Before the renovations, several
complaints were received about the odors released by
the exhaust air. To reduce the risk of foul odors, carbon
filters were installed in the exhaust system. For supply
air, the system includes a combination of MERV 8 and
MERV 14 filters, which provide excellent air quality in
accordance with ASHRAE Standard 52.2-2007.

Innovation
Because laboratories require large amounts of supply
air, the new HVAC system has been designed to transfer
the air from the offices to the laboratories in addition
to providing directly supplied air. Since office areas are
isolated from laboratories and are contaminant-free,
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TABLE 2 Project cost and annual energy cost.

PHOTO CREDIT PAGEAU MOREL

PHOTO 2 Mechanical equipment in the renovated space is easily accessible for
routine maintenance.

office area air could be transferred over to minimize
the quantity of directly supplied air while still satisfying
the 10 ach required. Also, air supplied to laboratories is
distributed to the perimeter with low-velocity diffusers. Those diffusers allow the air to sweep the room by
displacement ventilation (rather than dilution), offering
higher air quality to the occupants. Many other innovations are integrated in this building:
• Building automation system (BAS) combined with
advance metering (steam, electrical, condensate, airflow, recovery, etc.) is used to control all parameters of
the mechanical and electrical systems of the building,
optimizing efficiency;
• Motion sensors adjust the air changes per hour and
lighting in all areas;
• When a fume hood’s sash is open, the airflow of the
lab space has to increase and the control valve of the reheat coil reacts automatically to prevent any cold drafts
from coming in. The valve will then be readjusted slowly
to maintain thermal comfort;
• Laboratory equipment is located in a dedicated
room and cooled by local heat pumps discharging their
heat in the terminal reheat loop; and
• Alerts will be sent if the energy consumption measured deviates from expected values based on climatic
conditions, occupancy and schedules.

Operation and Maintenance
The building is divided into four blocks: North,
Corner, Center (used for offices) and West. It also has
four stories with a common basement. A mechanical penthouse is located on top of all four square
blocks. Prior to the project, mechanical and electrical
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CAN$

CAN$/FT 2

Total Cost of the Project

14,030,000

100

Costs Related to Energy Efficiency

9,573,000

68

Energy Cost of Existing Building

2,228,000

16.0

Energy Cost of Renovated Building

905,000

6.5

Savings

1,323,000

9.5

equipment located in the penthouses was hard to get
to, thus being hard to clean, maintain or repair. All
equipment is now easily accessible and routine maintenance can be performed (Photo 2).
To improve research quality and flexibility, laboratories were designed to be more generic and accessible to a broader range of users and research activities. Open labs have been designed in this fashion
compared to the approach of “one need = one room”
of the original construction, which led to multiple
small labs that were not functional for today’s needs.
Write-up areas are now separated from laboratory
areas. They are located at each level and in the middle
of the building where they are surrounded by laboratories. This configuration should reduce future renovation needs.
Existing building exhaust used one exhaust fan per
hood. Exhaust in the renovated building is manifolded
to facilitate heat recovery on two main run-around loops
per block, and to reduce maintenance and improve reliability. All of the equipment is connected to the BAS to
easily optimize and track the system operation remotely
and ease diagnosis of problems.

Cost Effectiveness
Costs were controlled by choosing simple systems
that rely on well-established low-cost technologies and
by optimizing equipment selection for dependability, low maintenance and maximum efficiency. Table
2 shows the project costs and the costs related to the
building’s energy consumption. Table 2 also shows that
the payback period related to energy efficiency costs is
about seven years. Even without being able to change
anything on the envelope of the building, energy efficiency measures were able to reduce the annual energy
bill by more than CAN$ 1 million. Building energy
consumption, which represented about 13% of the

2014 ASHRAE TECHNOLOGY AWARD CASE STUDIES

total energy consumption of the campus, was reduced
significantly and now represents about 5% of the total
energy consumption.

Environmental Impact
The building limits its environmental impact by
improving the treatment of contaminants and reducing
energy consumption. Indeed, carbon filters combined
with high plume fans greatly reduce the concentration
of contaminants in the exhaust air.
Since the building’s energy consumption has
decreased, McGill University’s power plant has additional capacity available to future building projects
without having to add equipment. This further reduces
the impact on the environment. In addition, a building
renovation involves lower greenhouse gas emissions
than new building construction.

Conclusion
Occupant safety, energy efficiency, low capital costs
and flexibility were primary concerns the mechanical

design had to address while ensuring high indoor
environmental quality and considering sustainability.
The use of innovative air systems serving laboratory
and non-laboratory areas allowed the building’s outside air requirements to be kept at a minimum while
increasing the fresh air quantity way over requirements in the offices. Laboratory exhaust is provided
by a manifolded system taking full advantage of
diversity to reduce energy and capital costs. Clever
laboratory unit layout in relation to mechanical services results in maximum flexibility for operation but
also considers future retrofits. ASHRAE Standards
and publications (Standards 55-2004, 52.2-2007,
62.1-2007, 90.1-2007, Guideline 0-2005, etc.) were
essential to guide the design team in the process.
Sustainability issue considerations and energy efficiency measures resulted in a high performance laboratory building with an energy use reduction of 59%.
This resulted in a significant reduction of greenhouse
gases emission (3,014 tons of CO2) representing a savings of about 151,000 trees.

www.info.hotims.com/49810-22
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Andy Pearson

Heat Pumps: The Brutal Truth
BY ANDY PEARSON, PH.D., C.ENG., MEMBER ASHRAE

Last month we went back to basics: remembering that the suction and discharge pressures of any vapor compression refrigeration system are vital to efficient performance.
This month we start a closer look at the world of heat pumps, where some things are
not like refrigeration at all, but some other essential truths remain constant.
In the very first of these columns, back in March 2012, I save a bit on the running cost. The only debate is how
likened the thermodynamics of a refrigeration system to long anyone is prepared to wait until they have gotten
the removal of a piano from my basement to the lounge
their money back. If the cost of an upgrade is saved every
upstairs. The higher you have to lift the piano, the more
month, or even every six months, most people will welwork needs to be done. Running a refrigeration system
come it. If they have to wait five years for it to pay back
is like cleaning pianos out the basement; the importhey are not so sure. For a heat pump system the justifitant thing is that you are creating space by not having a
cation is more difficult. If my offering is too expensive or
piano there any longer. However, the folks upstairs want not efficient enough, or both, then the prospective buyer
music, but they don’t really care what kind of music. If I
will not simply choose someone else’s heat pump, he
can get my piano there quickly and easily then that will
might go for some alternative environmental technology
be welcome. However, if it is too difficult, or
such as a biofueled combined heat and power
Genghis had several ways to
too expensive, or too dangerous then they will heat his space.
system or he may even embrace his inner
settle for some other form of entertainment.
caveman and just burn some fossils. Either
Perhaps a banjo player will show up; his music
way, I lose.
is cheap, portable and easy to deploy, but it
As a refrigeration guy it has been hard to get
is perhaps not building the lasting cultural
used to the sensitivities and peculiarities of
heritage for my grandchildren that I had been
the heat pump market. I am used to people
planning.
who want pianos cleared out of basements.
The brutal truth about heat pump economThey don’t care what I do with the piano – I
ics is that, unlike refrigeration, there are many ways of
can throw it away as far as they are concerned. Now I am
providing heat to a space. Burning stuff has been popudealing with the folks upstairs, the music lovers. They
lar since the caveman days. It is cheap and portable, but like my piano. It is valuable to them because they need
like banjo music we have learned to be concerned about music, but frankly they have no interest in the space in
the longer lasting effects.* There are many alternatives
my basement. It can remain empty for all they care. To
to traditional fossil fuel consumption, varying in popustretch the analogy just one more notch, the best of both
larity depending on the application. Direct electrical
worlds is when I can deliver piano music to the folks
heating is clean and easy. Combined heat and power
upstairs and rent my basement to a lodger who provides
systems seem to offer several advantages; gas-fired heat- a handy source of income. If it is proving to be too difing coupled with local electrical generation and giving
ficult to justify a heat pump system against other forms
the added bonus of some extra heat to run an absorption of heating and there is beneficial use for the cooling
chiller if necessary. Now we can use biomass as a renew- effect, then this might sway the decision. Government
able alternative to fossils and resolve that pesky environ- subsidy provides an alternative way of boosting the case
mental legacy issue.
for heat pumps. This is very welcome, but like all market
In a refrigeration system it is relatively easy to justify
interference it can have some unintended, illogical and
an energy efficiency benefit. Spend a little more and
unwelcome consequences. Watch this space.
*No offense intended; some of my best friends are banjo players.
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Andy Pearson, Ph.D., C.Eng., is group engineering director at Star Refrigeration in Glasgow, UK.
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SEISMIC VIBRATION ISOLATION ROOFTOP CURBS

AAON HEATING AND COOLING PRODUCTS

Thybar fabricates
custom designed
and competitively
priced Seismic
Rated Vibration
Isolation Curbs for
your rooftop units.
Curbs are designed
to withstand both
seismic and/or wind
loads that are being
specified in today’s
building codes and
feature adjustable spring isolators and roof curb in a single
unit. Typically shipped fully assembled, rooftop units can be set
immediately after curbs are installed and curb roofed in later
without disturbing the rooftop unit. A flexible counter flashing, for
a weather tight installation, is provided for installation after curb is
roofed in and springs have been activated. Options include: 1”, 2”,
or 3” deflection springs; duct attachment channels and/or airtight
plenum; fabrication to match roof slope. Thybar has licensed P.E.
on staff. Member of VISCMA.
Thybar Corporation
913 S. Kay St., Addison, IL 60101.
800-666-CURB. Fax: 630-543-5309.
E-mail: info@thybar.com Website: www.thybar.com

www.info.hotims.com/49810-47

www.info.hotims.com/49810-48

UNILUX: THE SKILLED ENGINEER’S CHOICE

RELIABLE CONTROLS

Unilux is the solution. For over thirty years, Unilux is the skilled
engineer’s choice. High efficiency, small footprint, low emission,
ultra rugged construction and the industry’s best factory support
are just a few of the traits that our customers consistently
complement us about. Water, Steam and HTHW designs for
commercial comfort to industrial process. Custom applications
and factory involved design build. Factory packaged or field
erected by factory crews.... Trust Unilux.

Unilux Advanced Manufacturing, LLC
30 Commerce Park Dr
Schenectady, NY 12309
Ph. 518.344.7490
Fx. 518.344.7495
info@uniluxam.com
www.uniluxam.com

www.info.hotims.com/49810-49
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MUNTERS OASIS OPTIMUM DCIE

BERNER INTERNATIONAL

Munters Oasis™ Optimum DCIE data center cooling system is
a modular design that achieves PUEs less than 1.1. Fresh air is
drawn across wetted polymer heat exchanger tubes, while filtered
ambient air flows over the tubes’ surface. The evaporative process
efficiently cools hot aisle air flowing through the tubes. This
reduces risk from outdoor air pollutants to provide a clean, stable
IT environment. The system is scalable by increments of 200kW*
and the modules can simply be added on as a data center grows.
Email: dhinfo@munters.com or call 800-843-5360.
Web: www.munters.us

www.info.hotims.com/49810-51

www.info.hotims.com/49810-52

RITCHIE ENGINEERING/ YELLOW JACKET

MULTI-THERM® 750 SUPREME
WITH ADVANCED
NANOTECHNOLOGY INSULATION

Multi-Therm 750 Supreme is
the first pre-insulated piping
system fortified with Aerogel
nanotechnology making
it the most advanced and
thermally efficient steam
and hot water transportation
piping system. Aerogel’s
Pyrogel XT® reduces
cross-sectional size which
provides cost savings,
reduces insulation thickness,
improves thermal efficiency,
extends service life and has
superior resistance to water.
The YELLOW JACKET® ManTooth™ Wireless Digital P/T Gage
provides wireless connection to your smart device so you can
test the system without losing refrigerant (no hoses or manifolds
necessary)! The free downloadable ManTooth RSA app
wirelessly calculates and displays the system’s actual pressures,
temperatures, superheat and subcooling on your iPhone, iPad or
Android device.

www.info.hotims.com/49810-53

PERMA-PIPE, Inc.
USA: (847) 966-2235
www.permapipe.com

UAE:+971.9.2282540
www.permapipe.ae

www.info.hotims.com/49810-54
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HARSCO INDUSTRIAL PATTERSON KELLEY

The NURO™’s mini-computer
design covers all aspects of a
boiler’s operations, providing
facility managers with
simple touchpad controls
for enhanced diagnostic
efficiency, customizable
adjustments, and simple
software upgrades via
USB, all with the familiar
interface of the latest smart
phones. The NURO™ will
be rolled out on the P-K
SONIC™ boiler platforms in
October. Integration of the
controller onto other P-K
boiler platforms will quickly
follow.

LONWORKS TO MODBUS GATEWAY

Control Solutions’ Babel Buster® BB2-2010 is a bindable
LonWorks® node that functions as a Modbus RTU RS-485
master/slave. A large number of data objects provides flexibility
in mapping Modbus registers to scalar or structured LonWorks
network variables. Modbus registers will be accessible as
LonWorks NV’s. The BB2-2010 provides increased NV capacity,
faster processing, requires no installation credits. TCP also
available.

Visit
http://harscopk.com/the-revolutionary-nuro-touch-screenboiler-control-system.php to learn more!

www.info.hotims.com/49810-55

Control Solutions, Inc.
PO Box 10789
St. Paul, MN 55110
800-872-8613
www.csimn.com
sales@csimn.com

www.info.hotims.com/49810-56

MELINK
Cut your commercial kitchen energy usage and utility bill with
fan energy savings up to 97% and conditioned air savings up to
70% with Intelli-Hood Demand Control Ventilation (DCV) system.
Intelli-Hood uses temperature and proprietary optic sensors
to automatically regulate exhaust and makeup fan speeds in
accordance with cooking volume in commercial kitchens.
Melink Contact: Randy Miles, rmiles@melinkcorp.com

www.info.hotims.com/49810-58

DAIKIN VRV III: ADVANCED TECHNOLOGY,
EFFICIENCIES FOR TALL/LARGE BUILDINGS
Technologically advanced Daikin VRV IIII
air-cooled systems meet practically any
challenge facing tall/large buildings. The
VRV quietly powers up to 30 tons capacity
from a single piping network, allowing
up to 62 indoor units. A Daikin Inverter
compressor efficiently satisfies heating/
cooling demands throughout connected
zones across the complete operation cycle.

www.info.hotims.com/49810-57
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For more information, contact your local
Daikin distributor or sales representative.

www.info.hotims.com/49810-59
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CLOUD-BASED TEMPERATURE
& HUMIDITY MONITORING

TEKLEEN

The TR-7wf Loggers are battery powered temperature and
humidity loggers with integrated Wi-Fi capability that supports
automatic uploads to TandD’s FREE cloud based WebStorage
Service. TandD’s FREE ThermoWEB App also supports direct
logon to the device for data downloading and display with iOS
and Android mobile devices. View and Share data online, receive
warning emails when limits are exceeded and download for local
archiving. All with no monthly fees!
T&D Corporation
www.tandd.com
(518) 669-9227

www.info.hotims.com/49810-60

www.info.hotims.com/49810-61

“EARLY WARNING”

POTTORFF CFD-521 DAMPERS
FOR WOOD TRUSS SYSTEMS

Environmental System IR-SNIF-MCD
Multiple-Channel Refrigerant Loss Monitors
One Monitor For Multiple Refrigerants Designed for industrial
comfort air and refrigeration applications with audible, visual and
BAS alarm configurations, SenTech’s IR-SNIF 1,2,3 (Single Zone)
and MCD (Multizone) models are cost-effective, self-contained,
active-air-draw sampling systems offering highly reliable infraredbased performance capable of monitoring and responding to 22
refrigerants at concentrations as low as 10 and 1 PPM.
Meets ASHRAE 15.

Pottorff is the only manufacturer
able to supply dampers for the
UL 1 hour rated L-521 wood truss
floor-ceiling and P-522 roof-ceiling
assemblies. We offer the CFD-521
with R-6 or R-8 insulated register
outlet boxes with standard boot rail
connections as well as fiberglass
or steel plenums with side tap
transitions for shallow plenums.
www.pottorff.com

www.info.hotims.com/49810-63

WHY A TOWER TECH MODULAR COOLING TOWER?

SenTech Corporation

Check our Web site: www.SenTechCorp.com
Call or write for additional information.
Toll-free 888-248-1988 • Direct 317-596-1988
Fax 317-596-1989

www.info.hotims.com/49810-62

1) Outstanding local support
2) Safe and easy maintenance
3) 80% less drift emissions
4) 35+ year life expectancy, 15 year warranty
5) Variable flow nozzles for ultra low part-load
energy
6) Near elimination of potential for Legionella
infection
7) Water and chemical savings
8) Quick and easy installation
9) Aesthetically pleasing, able to fit tight spaces
10) Maximum redundancy, reliability and dependability
www.towertechinc.com.
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FOAMGLAS® INSULATION:

TJERNLUND

PERFECT SOLUTION FOR
CHILLED WATER APPLICATIONS

Pittsburgh Corning
FOAMGLAS® Insulation has a 0.00 permeability rating, making
it ideal for chilled water applications. FOAMGLAS® Insulation is
non-combustible and has superior compressive strength. Its allglass, closed-cell structure provides physical properties ideal for
piping and equipment above and below ground, indoors or out,
and at operating temperatures from –450°F to +900°F (–268°C to
+482°C). It is a proven solution to help prevent corrosion under
insulation.
www.foamglas.com

www.info.hotims.com/49810-65

www.info.hotims.com/49810-66

Tranquility® Vertical Stack (TSM) Series heat pump
units, offers simple, cost-effective installation combined
with the industry’s highest energy performance in the
vertical stack product category. Available in ¾- through
3-ton capacities, the units are engineered to provide
energy-efficient heating and cooling as part of either
boiler/cooling tower or geothermal heating and cooling
systems. Designed for a variety of applications
including educational, office, hospitality,
apartment and condominium buildings, the
TSM Series streamlines installation as its risers,
cabinet and chassis
are available for
shipment individually
or in combination.

www.info.hotims.com/49810-68

www.info.hotims.com/49810-67
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COLUMN DATA CENTERS
Donald L. Beaty

X-Factor Explained
With the global push on energy-efficient operation, the third edition of ASHRAE’s
Thermal Guidelines for Data Processing Environments sought to provide more actionable
information that would empower data center owners and operators to make businesscentric decisions when it came to the operation of their data center facilities.

The term “x-factor” refers to a dimensionless value of
relative server failure rate vs. ambient inlet temperature. Since the x-factors are relative, there needed to be
a baseline. It was determined that the most appropriate
baseline would be to use a common data center operating temperature of 68°F (20°C) at the inlet of the IT
equipment. This condition would represent an x-factor
value of 1.00.
Of course, there are many types of IT equipment and
each of them may have a different failure rate profile,
but the x-factors are based on the most common IT
equipment in data centers: volume servers. ASHRAE
TC 9.9’s Datacom Equipment Power Trends and Cooling
Applications publication defines volume servers as “oneand two-processor socket systems typically packaged in
1U, 2U, pedestal, or blade form factors.”
Another variable that needed to be considered was that
the failure rates are based on manufacturer reliability

temperature.

SERVER RELIABILITY TREND VS. AMBIENT TEMPERATURE – RELATIVE FAILURE RATES
DRY-BULB
TEMPERATURE

HARDWARE FAILURE RATE FOR VOLUME SERVERS (X-FACTOR)
AVERAGE

LOWER BOUND

UPPER BOUND

59°F

0.72

0.72

0.72

63.5 °F

0.87

0.80

0.95

68°F

1.00 (Baseline)

0.88

1.14

72.5°F

1.13

0.96

1.31

77 °F

1.24

1.04

1.43

81.5°F

1.34

1.12

1.54

86°F

1.42

1.19

1.63

95°F

1.55

1.35

1.74

104°F

1.66

1.51

1.81

113°F

1.76

1.67

1.84

Table reformatted by DLB Associates

X-Factor

TABLE 1 Relative ITE failure rate x-factor as a function of constant ITE air inlet

©ASHRAE

Energy-efficient data center operation through leveraging the expanded ASHRAE TC 9.9 allowable environmental envelopes was somewhat tempered by the
previously unknown impact that higher inlet temperatures would have on the failure rates of the IT equipment. To quantify this unknown, a conglomerate of the
major IT equipment manufacturers that make up the IT
OEM subcommittee of ASHRAE TC 9.9 determined and
published, for the first time, consensus relative failure
rates of IT equipment at different inlet temperature
conditions.
This groundbreaking information was included in the
third edition of Thermal Guidelines along with practical
examples of how to apply the information. This article
provides an overview of the relative failure rate information contained in the Thermal Guidelines publication.

TABLE 2 Temperature impact on annual server failure rate
VOLUME SERVER FAILURE RATE VERSUS AMBIENT TEMPERATURE

DRY-BULB
TEMPERATURE

AVERAGE RELATIVE
FAILURE RATE
(NOTES 2 AND 3)

A

ANNUAL SERVER FAILURE RATE
BASELINE
(NOTE 1)

ADJUSTED DUE TO
TEMPERATURE

B

C

D=B×C

59°F

0.72

4%

3% Less Failures

68°F

1.00

4%

4%

Baseline

104°F

1.66

4%

7%

More
Failures

COMMENTS

1. Table uses the conservative upper bound of typical server failure rates of 2% to 4%.
2. Assumes continuous (7 × 24 × 365) operation with dry-bulb temperature at ITE inlet.
3. Based on years of server manufacturers’ actual failures, component manufacturers’ failure
data, and modeling (published by ASHRAE TC 9.9).
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At first glance, jumping to the highest temperature row
would indicate an average relative failure rate of 1.76. In
other words, there is a 76% higher probability of failure
if operating with a constant inlet temperature of 113°F
(45°C) compared to operating with a constant inlet temperature of 68°F (20°C). However, this is not the same as
saying that there is a 76% chance of server failure since
the value is only relative to what would normally occur
regarding server failures.
The reality is that operating at a constant elevated temperature actually can have a minimal impact on server
failure. When you consider that the typical annual
server failure rate is around 2% to 4%, Table 2 shows that
even using the 4% rate, a constant elevated inlet temperature of 104°F (40°C) only raises the annual server
failure rate by an additional 3%.

Variable Inlet Temperature Impact
Data center cooling was once referred to as precision
cooling. This is an indication of design conditions that
typically have very tight tolerances. However, x-factor
values in Table 1 show that for inlet temperatures lower
than the baseline, the reliability actually improves.
Therefore, a variable inlet temperature can potentially
84
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Atlanta %
Hours (R1)

52.4

23.2

16.7

7.7

–

X-Factor (R2)

0.865

1.130

1.335

1.482

–

Failure Rate
(R3 = R1 × R2)

0.453

0.262

0.223

0.114

1.052

take advantage of these lower temperature reliability
“credits” to offset the higher temperature impact.
A variable inlet temperature is linked to the use of free
cooling and the elimination of mechanical refrigerationbased cooling. Therefore, it is linked to the variation in
external temperature for a given location. An annualized time at temperature histogram for a given location can help show the exterior temperature profile
distribution.
Figure 1 shows a typical time at temperature histogram for Atlanta using weather data from the ASHRAE
Weather Data Viewer software, which provides statistical
averages based on the most recent 25 years of weather
data. This histogram assumes air mixing occurs to
maintain a minimum air temperature of 59°F (15°C) and
shows that roughly 52% of all hours fall below the baseline x-factor temperature of 68°F (20°C).
The time at temperature histogram can be used to
construct a time-weighted average x-factor by simply
proportionally weighting the number of hours per year

©ASHRAE

table reformatted by DLB Associates

Analyzing the X-Factor Data

©ASHRAE

Average Hours Per Year

Average Hours Per Year

data for all of the internal
8,760 (1 yr)
8,760 (1 yr)
components (processors,
99.8% 100% 100%
8,000
98.1%
8,000
memory, hard drives,
7,000 88.1%
7,000
etc.) within a piece of IT
6,000
6,000
equipment, and since the
5,000
5,000 52.4%
configurations can vary,
4,000
4,000
a range of x-factors are
3,000
3,000
provided with upper and
23.2%
2,000
2,000
lower bound values in
16.7%
1,000
addition to the average.
1,000
7.7%
Therefore, the baseline
0
0
59≤ T ≤68 68< T ≤77 77< T ≤86 86< T ≤95
RECOMMENDED A1
A2
A3
A4
x-factor of 1.00 is actuDry-Bulb Temperature (°F)
Class
ally the average failure
rate value for an inlet
FIGURE 1 Annualized time at temperature histogram for Atlanta.
ambient temperature of
68°F (20°C) for a typical
TABLE 3 Time-at-Temperature Weighted Failure Rate Calculation for ITE in
configuration of a volume server; the corresponding
Atlanta. (Weather data from ASHRAE Weather Data Viewer.)
upper and lower bound of 1.14 and 0.88, respectively,
ANNUAL
would cover alternate configurations. Table 1, (Page
FAILURE
LOCATION 59 ≤ T ≤68°F 68 <T ≤ 77°F 77 < T ≤86°F 86 < T ≤ 95°F RATE (NET
83) displays the x-factor information from the Thermal
X-FACTOR
TOTAL)
Guidelines publication across all inlet temperatures.

graphic reformatted by DLB Associates
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1.3

Class A2

1.2
1.1
Failure Rate at 68°F (20°C) — 24/7/365

Graphic reformatted by DLB Associates
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FIGURE 2 Time-weighted x-factors for various U.S. cities. (Weather data from ASHRAE Weather Data Viewer.)
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ran
nF

LOCATION

% ANNUAL
HOURS AT
95°F

AVERAGE
X-FACTOR AT
95°F

% ANNUAL
HOURS AT
104°F

A

B

C

D

E

F = (B × C) + (D × E)

Location 1

1%

1.55

1%

1.66

0.0321

Location 2

2%

1.55

0%

1.66

0.0310

Peak Temperature Impact
A particularly high peak temperature is often cited
as being an inhibitor to a variable inlet temperature
approach, but since the peak temperature occurs for
a very short duration and for very few total hours in
a given year, its impact is minimal. Table 4 shows two
generic locations with different peak temperature
distributions and the net x-factor contribution difference between the two is roughly one-tenth of one
percent.

Some Words of Caution
The x-factor is predicated upon IT equipment inlet
conditions. If there are recirculation airflow problems
within a given cabinet or lineup, the actual inlet temperatures may be higher. Steps should be taken to properly
measure the inlet conditions on the servers and manage
the overall airflow patterns (e.g., consider containment
strategies such as blanking panels, etc.) to mitigate the
impact of recirculation.
As mentioned earlier, there are many types of IT
equipment and each of them may have a different failure rate profile, but the x-factors are based on the most

AVERAGE
X-FACTOR AT NET X-FACTOR CONTRIBUTION
104°F

common IT equipment in data centers: volume servers.
Routers, switches, and other types of servers may have
very different failure rate profiles from the data provided on volume servers. It is recommended that those
relative failure rates be categorized prior to aggressive
changes to inlet temperature conditions.
Last, the effect of a rapid rate of change of temperature
on failure rates has not been well studied or published at
this point. Changes in temperature to follow the Thermal
Guidelines’ Recommended or Allowable envelopes should
be conducted gradually and in accordance with the latest rates of change clarification posted on TC 9.9’s website (http://tinyurl.com/nsgb4cs).

Closing Comments
The release of relative failure rate data for IT equipment (x-factors) quantifies the impact of ambient inlet
temperatures on the reliability of IT equipment (for volume servers only). This information allows data center
owners and operators to make business-centric decisions on how to operate their data centers and establish
the right balance between reliability and energy-efficient operation using their own unique value system.
N OVEM BER 2014
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Table reformatted by DLB Associates

TABLE 4 Generic location example of peak temperature impact. (Weather data from ASHRAE Weather
Data Viewer.)

©ASHRAE

at a given temperature with the associated
x-factor for that temperature. Table 3 shows
the time-weighted average x-factor calculation for Atlanta.
Even though Atlanta may be considered
one of the hotter climates in the U.S.,
its time-weighted annual failure rate is
1.052. When considered against the typical
annual server failure rate of 2% to 4%, this
represents an increase of 0.01% to 0.02%
compared to operating a precise cooling
inlet temperature of 68°F (20°C) (i.e., the
annual server failure rate becomes 2.01%
to 4.02% as opposed to 2% to 4%). For all
intents and purposes, this is a negligible
increase.
Figure 2 shows time-weighted average
x-factors for a number of U.S. cities. Many
cities have time-weighted x-factors below
the baseline of 1.00, and even one of the
warmest cities (Miami) only has a timeweighted x-factor of 1.25 (or an annual
server failure rate of 2.5% to 5%).

COLUMN IAQ APPLICATIONS

What ASHRAE Says
About Infectious Disease
BY LAWRENCE J. SCHOEN, P.E., FELLOW ASHRAE

As I write this, the Ebola outbreak in Africa and the events in Texas are the major news
stories. I can’t speak directly to that crisis. However, I do know that you need access
to essential information from ASHRAE on HVAC, and its potential role in the spread
of infectious disease. One good source is the recently released “ASHRAE Position
Document on Airborne Infectious Diseases.”
Airborne Spread of Disease
ASHRAE’s position document contains a valuable synopsis of control measures such as dilution ventilation,
pressure differentials, exhaust ventilation, air cleaning,
ultraviolet germicidal irradiation (UVGI) and even temperature and humidity. These techniques have broad
applicability to any disease that is airborne.
Because of the difficulties in separating out the relative
importance of transmission modes, health-care facilities often focus on “infection control bundles” (i.e., use of
multiple modalities simultaneously) and err on the side
of caution. The need for action may go beyond health-care
facilities to include passenger transportation buildings and
conveyances, jails, homeless shelters and schools.
The Ebola outbreak illustrates how vulnerable we all
are to new infectious agents, a future one of which might
be airborne. Tuberculosis, in some cases influenza, the
common cold, and other diseases spread by the airborne
route. Four worldwide (pandemic) influenza outbreaks
occurred in the last 100 years: 1918, 1957, 1968, and 2009.
There were also three notable epidemics: 1947, 1976 and
1977. The 1918 Spanish flu was the most serious pandemic
in recent history and was responsible for the deaths of
an estimated 50 million or more people. The most recent
H1N1 pandemic in 2009 resulted in thousands of deaths
worldwide. Statistically, it seems like we have had the
recent good fortune of avoiding a truly devastating pandemic such as these historical ones. Another way of saying
this is that such a tragic event is long overdue.

How Diseases Spread
Direct contact is any surface contact such as touching, kissing, sexual contact,
contact with oral secretions or skin lesions.
Indirect contact involves contact with an intermediate inanimate surface
(fomite), such as a doorknob or bedrail that is contaminated.
Exposure through the air occurs through (1) droplets, which are released and
fall to surfaces about 3 ft (1 m) from the infected and (2) small particles, which
stay airborne for hours at a time and can be transported long distances. When
droplets become small particles by evaporation, they may be called droplet
nuclei. This is illustrated in Figure 1.
Tuberculosis and in some cases influenza, the common cold, and other
diseases spread by the airborne route.
An epidemic affects the population in a limited geographic area, whereas a
pandemic affects a large geographic area or the entire world.
FIGURE 1 Droplet suspension: aerobiology of droplets and small airborne par-

ticles produced by an infected patient.
Airflow

Droplets are swept by the
air motion and fall due to
gravity. Their fall is resisted Gravity
by a drag force.
Ballistic trajectory of
large droplets from
sneezing mode.
Droplets land on a
surface and dry to become
desiccated. Bed-making
activities can eject dry
particles into the air.

Droplets evaporated to
Drag become droplet nuclei.
Force
Turbulence mixing
dilutes the droplet
concentration.

Dilution of contaminated
air from breathing mode.
Bed
1 to 2 m

Floor

ASHRAE’s Position

ASHRAE’s expertise, while the latter is not. ASHRAE’s
position document recommends that designers and

ASHRAE takes no position on the issue of the relative
importance of precautions for airborne exposure vs.
those for direct contact. The former is clearly within

Lawrence J. Schoen, P.E., is president and principal engineer, Schoen Engineering Inc.,
Columbia, Md. He is a member and past chair of ASHRAE’s Environmental Health Committee
and chaired the committee responsible for the most recent position document in 2014.
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operators go beyond existing minimum practice standards to be better prepared for known risks and for an
outbreak that might be caused by a new microorganism
capable of spreading by the airborne route.
Do you know the difference between direct and indirect contact? What is a fomite? Can you distinguish
among a droplet, droplet nucleus and aerosol? Which
diseases spread by the airborne route? For this information as well as its importance, the position document is
essential reading and reference for anyone involved in
the design, construction or operation of facilities having occupants who may spread or be susceptible to such
diseases. For a brief explanation of these terms and concepts, see the sidebar, “How Diseases Spread.”

What Preparation Should Facilities Undertake?
In the event of a pandemic or major epidemic (the
difference being the extent of spread), people may be
quarantined, travel may be disrupted, schools may be
closed2 and people may be instructed to avoid crowds
and contact.
However, some facilities, such as prisons, shelters
and those related to health care, cannot close or curtail
activities. Fast action regarding building operations
may be needed. Since the problem and its solutions are
multidisciplinary, the document recommends involving
engineers, building operators, scientists, infection prevention specialists, and epidemiologists.
The document says that new facilities should incorporate the infrastructure to quickly respond to an outbreak, in areas including emergency, admission and
waiting rooms in health care buildings, crowded shelters, and similar facilities. Such infrastructure might
include HVAC systems that separate high-risk areas,
physical space and HVAC system capacity to upgrade
filtration, the ability to increase ventilation even as
high as 100% outdoor air, the ability to humidify air,
receptacles at the upper room for UVGI and ceiling
heights of at least 8 ft (2.4 m). Once the building is in
operation, filter elements and upper-room UV fixtures should be available for rapid deployment in an
emergency.

What Should You Do?
Public health and disease prevention are essential elements of protecting and serving the public,
and engineers have a role to play. I like to say that
88
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HVAC and Transmission
Several HVAC interventions can affect airborne disease transmission. Existing
practice standards cover many, but not all of these.
Dilution ventilation
Temperature and humidity
Personalized ventilation
Local exhaust
Central system filtration

Local air filtration
Upper-room UVGI
Duct and air-handler UVGI
In-room flow regimes
Differential pressurization

engineers and plumbers have saved more lives
than all the doctors and health workers through the
removal of sewage and the provision of clean water
that would otherwise spread disease. In the event of
an airborne outbreak, for which the world is statistically overdue, engineers and technicians who understand airflow in buildings will be needed to reduce
the spread of disease.
Be prepared. Download a copy of this and other
ASHRAE position documents at www.ashrae.org/
about-ashrae/position-documents.
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Notes
1. A majority of states identify school closure as a potential mitigation strategy in their pandemic influenza plans. However,
schools can serve as a central point for organized child hygiene
work and disease screening, as evidenced by results in the 1918
pandemic wherein New York City had minimal infection among
school age children despite being perhaps the only large city
that kept its schools open. Sources: Baker, S.J. 2013. Fighting
for Life, pp. 155-156, New York Review Reprint of 1939 Edition;
and The Center for Law & the Public’s Health at Georgetown
& Johns Hopkins Universities. 2008. “Legal Preparedness for
School Closures in Response to Pandemic Influenza and Other
Emergencies: A Review and Report Submitted to the Centers for
Disease Control and Prevention.”
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Handbook of Smoke Control Engineering
This reference provides authoritative, comprehensive
guidance on the latest in smoke control practice,
incorporating the latest research and current engineering
approaches.
With more than 500 pages of in-depth guidance, the
handbook describes smoke control technology, including
fundamental concepts, smoke control systems, and
methods of analysis, and contains the information needed
for the analysis of design fires, including considerations of
sprinklers, shielded fires, and transient fuels.
Systems discussed in the handbook include those for
stairwell pressurization, elevator pressurization, zoned
smoke control, and atrium smoke control. This is the first
smoke control book with climatic data so that users will
have easy-to-use weather data specifically for smoke
control design for locations in the U.S., Canada, and
throughout the world.
Following the success of Principles of Smoke
Management in 2002, this book adds coverage of topics
including controls, fire and smoke control in transport

tunnels, and full-scale fire testing. For those getting started
with the computer models CONTAM and CFAST, there
are simplified instructions with examples. Unique to
previous smoke control literature, this handbook provides
many example calculations to help designers prevent
smoke damage.
It is extremely useful for practicing engineers,
architects, code officials, researchers, and students.

John H. Klote; James A. Milke;
Paul G. Turnbull; Ahmed
Kashef; Michael J. Ferreira
Price: $129
($109 ASHRAE members)
Hardback / 512 Pages
www.ashrae.org/smokecontrol
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This publication is available now in both print and digital format at www.ashrae.org/smokecontrol.
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SPECIAL PRODUCTS
CONTROLS, REFRIGERATION

Refrigerant Database Software

To receive FREE info on the products in this section, visit the Web
address listed below each item or
go to

www.ashrae.org/freeinfo.
A

Room Pressure Controller

The FMS-1655 room pressure controller for
critical environments from Triatek, Norcross,
Ga., features a full-color, intuitive touch
screen that simultaneously displays room
pressure, humidity, temperature, air changes, and alarm status.
www.info.hotims.com/49810-201

Control Valve
Belimo, Danbury, Conn., offers the Energy Valve, a pressure-independent control
valve that optimizes and documents water
coil performance. It features data trending
and storage capability coupled with BACnet MS/TP, BACnet IP and TCP/IP communication to enable cost-effective constant
commissioning.
www.info.hotims.com/49810-202

Optimized Thermal Systems, College Park, Md.,
offers XProps, an enhancement to the NIST
REFPROP database. The software provides
a fast and easy way to call refrigerant
properties from more than 75 different
pure fluids and more than 50 built-in fluid
mixtures via multiple platforms, including
Excel, MATLAB, Mathcad, and the Microsoft
.NET platform.
www.info.hotims.com/49810-203
B

A

Room Pressure Controller
By Triatek

Thermostatic Expansion Valve

The TUA thermostatic expansion valve
from Danfoss, Baltimore, features F-bulb
charge technology, which delivers
low superheat in low- and mediumtemperature refrigeration ranges, and
includes asymmetric ballast material to
deliver stable temperature control.
www.info.hotims.com/49810-204

Building Automation Gateway
St.Paul, Minn.-based Control Solutions’ Babel
Buster BB2-2010 is a bindable LonWorks®
node that functions as a Modbus RTU

B

Thermostatic Expansion Valve
By Danfoss
RS-485 master/slave. Its large number of
data objects provides flexibility in mapping
registers to scalar or structured LonWorks
network variables.
www.info.hotims.com/49810-205

Technical Spotlight: Psychrometrics
Psychrometric Chart App for iPad®
The ASHRAE Psychrometric Chart app is the first truly
interactive graphical psychrometric chart for the iPad.
Use the app to:
• Plot HVAC and other psychrometric
processes out in the field, save the
graphs, and then email the graph
and results to clients.
• Display a fully customizable
psychrometric chart in both landscape and portrait modes.
• Customize chart line colors, chart background color,
hide/display status of chart lines, point colors, process
line colors, units of graph values, and the min/max
limits of the chart.
• Plot unlimited points on the screen.
• Double-tap points to display and edit point properties.

Understanding Psychrometrics Third Edition
Understanding Psychrometrics
serves as a lifetime reference
manual and basic refresher
course for those who use
psychrometrics on a recurring
basis and provides a four- to
six-hour psychrometrics
learning module to students;
air-conditioning designers;
agricultural, food process, and
industrial process engineers;
meteorologists and others.
This publication is accompanied by a limited demonstration version of the ASHRAE
LibHuAirProp add-in. Also
included are supplemental files
and the hw.exe program from
the second edition.

Third Edition
Donald P. Gatley
Price: $99
($84 ASHRAE members)
Hardback / 405 Pages

www.info.hotims.com/49810-78

Learn more about these products at www.ashrae.org/psychrometrics.
Featured Psyc.indd 1
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CLASSIFIEDS
RATE SCHEDULE:

SOFTWARE

Classified line advertisements
are inserted in 7-point type at the
rate of $12.00 per line or fraction thereof, includes heading and
address. Six words to the line average.
Maximum insertion 15 lines. Prices
are net. Available Engineer insertions
up to 60 words for members are $6.00
per line.

Everything Your Reps Need…
...to increase sales

For All HVAC Products
Selection
Pricing / Configuration
Submittals
Parts
Customer Support
www.bcatech.com
407407-659659-0653

FineSANI - Plumbing Design

Water supply and Sewerage design

FineELEC - Electrical Design
FineGAS - Gas Network Design
FineLIFT - Elevator Design

info@4msa.com, www.4mbim.com, www.4msa.com

ASHRAE Journal
Classified Ads
Reaching more than
53,000 HVAC&R
professionals with
opportunities for
businesses, jobs, rentals
and software solutions.

Address: Send request for further
information to:

ASHRAE JouRnAl

ashrae.org

HVAC Loads (Ashrae 2013), Chilled and Hot
Water piping, Airduct Sizing, Psychrometric
Analysis (includes also design for Merchant
and Naval Surface Ships - Ashrae ch. 13.1 & 13.3).
NFPA 13 fully calculated systems for tree,
gridded or looped systems (includes also EN
12845, BS 9251, FM, CEA 4001 & AS 2118
regulations)

Closing date:
Copy must be received by the classified department by the 3rd of the
month preceding date of issue.
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•Calculations directly from the BIM model
•Automatic generation of all the case study
results •Automatic generation of the final set of
drawings (plan views, vertical diagrams,
axonometric diagrams, Piping/Ducting Networks
in 2D and 3D and others) •Complete documentation of results (detailed calculation sheets,
Technical Reports, Bill of Materials and many
more) •IFC import/export to ensure collaboration with other BIM applications.

FineFIRE - Fire Fighting Design

Classifieds are accepted in the
categories of Job Opportunities,
Rentals, Business Opportunities, and
Software.

ASHRAE JOURNAL
Vanessa Johnson
1791 Tullie Circle NE
Atlanta, GA 30329
Phone 678-539-1166
Fax 678-539-2166
E-mail: vjohnson@ashrae.org

The power of BIM for MEP design

FineHVAC - HVAC Design

More...

Classified Column Inch
Border Advertisements
are inserted in 8-point bold heading
and address type of 7-point body
type at the rate of $115.00 per
column inch or fraction thereof,
includes heading and address. Maximum length 5 inches. Maximum width
2-1/8”. Prices are net. Available
Engineer insertions for members
are $55.00 per column inch.

mep

Classified ads
are ALWAYS
productive.
N OVEM BER 2014

OPENINGS

Factory Reps
Wanted!

Colmac WaterHeat is seeking
dedicated and knowledgeable
factory representatives for key
territories both domestically
and internationally.
If you have what it takes, then
please call, click or email us.

509-684-4505
www.colmacwaterheat.com
sales@colmacind.com
Be sure to stop by and see us
in booth #4049 at the 2015 AHR
Expo in Chicago!

HVAC PRODUCTS
SALES ENGINEER
KEES Incorporated is a leading manufacturer of a
wide variety of ventilation and heating equipment for
the commercial HVAC market. Due to sales growth,
we have an immediate opening for an experienced
sales engineer. Responsibilities include providing
technical and quotation assistance to our sales
representatives plus a wide variety of sales support
activities and cost estimating. Our ideal candidate
will have an engineering degree plus HVAC sales
experience. We offer an excellent compensation and
benefit package commensurate with experience.
Please send your resume in confidence to:
Bob Norman
400 S. Industrial Drive
Elkhart Lake, WI 53020
bnorman@kees.com

Contact
Vanessa Johnson
at 678.539.1166
for a quote.

BUSINESS OPPORTUNITIES

ASHRAE JOURNAL EDITORIAL POSITION
ASHRAE has an immediate opening for the top
editorial position responsible for our Journal. This
position creates editorial content for the periodicals
comprising ASHRAE Media. This includes
magazines and newsletters, their associated digital
editions, and related and associated web presences
and tools. ASHRAE Media content is required
to have high relevance and value for the practice
of engineering related to building technology. In
fulfilling this role, the editor enhances the perception
of ASHRAE as an indispensable resource for
technological advancement by Society members and
the industry at large.
Requirements include a minimum of a Bachelor’s
degree PLUS a minimum of 10 years magazine
related experience. Magazine experience must
include management responsibility for editorial
workflow and editorial policy implementation. Staff
management experience required along with ability
to report on industry events. Travel is a requirement.
Please review complete job description on the
ASHRAE.org website before applying.
ASHRAE offers a competitive salary as well as
an excellent benefits package including: Health,
Dental, Life, Disability, 401k with generous match,
Vision, Employee Assistance Program, and more.
We have free parking and we are centrally located
near shopping and restaurants inside the perimeter
off I85 North & N. Druid Hills Rd. ASHRAE is
an Equal Opportunity Employer. Please reply
with salary requirements to HR@ashrae.org,
Attn: Editor. No phone calls please.

HVAC ENGINEERS
All levels. JR Walters Resources, Inc., specializing in
the placement of technical professionals in the E & A
field. Openings nationwide. Address: P. O. Box 617, St.
Joseph, MI 49085-0617. Phone 269-925-3940. E-mail:
jrwawa@jrwalters.com. Visit our web site at www.
jrwalters.com.

ADIBATIC AIR INLET COOLING
Improving the performance of Air Cooled Chillers, Dry Coolers and
Condensers and Refrigeration Plants. EcoMESH is a unique mesh and
water spray system that improves performance, reduces energy
consumption, eliminates high ambient problems, is virtually maintenance
free and can payback in one cooling season.

Standard
Installation

EcoMESH
Addition

Water
Spray

season.

Cooler
Air Intake

EcoMESH Benefits
•Reduced Running Cost
•Reduced Maintenance
•Easy Retrofit
•Improved Reliability
•Increased Capacity
•Self Cleaning Filter
•Shading Benefit
•No Water Treatment
•Longer Compressor Life

Before
•
•
•
•
•
•

•

•

•

EcoMESH Adia batic Sys tems Ltd.

www.ecomesh.eu

THERMAL ENERGY
(1) STORAGE

Phase Change Materials between 8ºC(47ºF) and 89ºC(192ºF)
release thermal energy during the phase change which releases
large amounts of energy) in the form
of latent heat. It bridges the gap between
energy availability and energy use and
load
shiftingthe performance of Air Cooled Chillers, Dry Coolers and
Improving
capability.
Condensers and Refrigeration Plants. EcoMESH is a unique mesh and
water spray system that improves performance, reduces energy
consumption, eliminates high ambient problems, is virtually maintenance
free and can payback in one cooling season.

Over-

ADIBATIC AIR INLET COOLING

+8ºC
(47ºF)

Standard
Installation

EcoMESH
Addition

Water
Spray

Cooler
Air Intake

EcoMESH Benefits
BENEFITS
•Reduced Running Cost

FOR RENT

that

• EASY RETROFIT
•Reduced
Maintenance
•LOW
RUNNING
•Easy
Retrofit COST
••Improved
REDUCED
MACHINERY
Reliability
• •Increased
INCREASED
CAPACITY
Capacity
•Self Cleaning Filter
•Shading Benefit
•No Water Treatment
•Longer Compressor Life

•GREEN SOLUTION
• REDUCED MAINTENANCE
• FLEXIBLE SYSTEM
•STAND-BY CAPACITY

PCM Products

www.pcmproducts.net

that
season.

Before
••
••
•
• •
•
•

•

•

•

(1)

EcoMESH Adia batic Sys tems Ltd.

www.ecomesh.eu

ASHRAE Journal
Classified
Ads
THERMAL
ENERGY
(4) STORAGE
Phase Change Materials between +8~20ºC(47~68ºF)
can be simply charged using a free cooler over-night without the
use of a chiller and later the stored FREE energy can be used to
handle the day-time sensible
building loads.

The Foremost
+13ºC Medium for
(55ºF)
Reaching Engineering
Professionals

N OVEM bEr 2014
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• LOWER INSTALLATION COST

•REDUCED MAINTENANCE

• SIGNIFICANT ENERY SAVING

• FLEXIBLE SYSTEM

• GREEN SOLUTION

•STAND-BY CAPACITY

utilising
(PCM)

•
•
•
•

ADVERTISING SALES

Advertisers Index/Reader Service Information

ASHRAE JOURNAL

Two fast and easy ways to get additional information on
products & services in this issue:

1. Visit the Web address below the advertiser’s name for the ad in this issue.
2. Go to www.ashrae.org/freeinfo to search for products by category or
company name. Plus, link directly to advertisers’ Web sites or request
information by e-mail, fax or mail.
*Regional

Company

Web Address

Page

Company

Web Address

Page

Company

Web Address

Page

AAON, Inc .........................................................78
info.hotims.com/49810-48

Control Solutions.............................................80
info.hotims.com/49810-56

Petra Engineering ...........................................67
info.hotims.com/49810-33

AAON, Inc ...........................................................5
info.hotims.com/49810-1

Daikin Applied..................................................21
info.hotims.com/49810-14

Pittsburgh Corning..........................................82
info.hotims.com/49810-66

Acrefine Engineering ........................................9
info.hotims.com/49810-2

Daikin North America LLC .............. 2nd Cvr-1
info.hotims.com/49810-15

AHR-Expo Chicago 2015 ...............................11
info.hotims.com/49810-44

Daikin North America LLC ............................80
info.hotims.com/49810-59

Pottorff ................................................................7
info.hotims.com/49810-34

Airius LLC .........................................................41
info.hotims.com/49810-4

Danfoss Inc ......................................................91
info.hotims.com/49810-16

A-J Mfg Company, Inc....................................49
info.hotims.com/49810-5

Ebtron, Inc ...............................................3rd Cvr
info.hotims.com/49810-17

ASHRAE HVAC Control Sys...........................62
info.hotims.com/49810-80

Goodway Technologies ...................................41
info.hotims.com/49810-19

ASHRAE Climate Data ....................................43
info.hotims.com/49810-77

Greentrol Automation .....................................61
info.hotims.com/49810-18

*ASHRAE Commercial Bldg...........................63
info.hotims.com/49810-82

Harsco Industrial, Patterson-Kelley.............80
info.hotims.com/49810-55

ASHRAE Data Center......................................38
info.hotims.com/49810-75

Heat Pipe Technology Inc ..............................69
info.hotims.com/49810-20

*ASHRAE District Cooling .............................57
info.hotims.com/49810-79

IMI Hydronic Engineering .............................53
info.hotims.com/49810-21

*ASHRAE Hospitals and Clinics ...................39
info.hotims.com/49810-76

Jackson Systems LLC .....................................75
info.hotims.com/49810-22

Shortridge Instruments, Inc..........................24
info.hotims.com/49810-38

ASHRAE Meeting-Chicago 2015 ..................89
info.hotims.com/49810-24

Macro Air Technologies .................................19
info.hotims.com/49810-23

Sonitec, Inc ......................................................40
info.hotims.com/49810-39

ASHRAE Psychrometrics ...............................92
info.hotims.com/49810-78

Mammoth .........................................................87
info.hotims.com/49810-11

Specific Systems.............................................82
info.hotims.com/49810-69

ASHRAE Smoke Control .................................90
info.hotims.com/49810-81

Melink Corporation .........................................80
info.hotims.com/49810-58

Taco....................................................................77
info.hotims.com/49810-40

ASHRAE Std 90.1 ............................................82
info.hotims.com/49810-67

Melink Corporation .........................................15
info.hotims.com/49810-25

Berner International Corp..............................79
info.hotims.com/49810-52

Mestek/KN Series ...........................................31
info.hotims.com/49810-26

Bryan Steam LLC.............................................28
info.hotims.com/49810-6

METALAIRE ......................................................29
info.hotims.com/49810-46

CaptiveAire .......................................................23
info.hotims.com/49810-7

*Mitsubishi Electric Sales Canada, Inc ......39
info.hotims.com/49810-27

CaptiveAire .......................................................55
info.hotims.com/49810-8

*Modular Framing Systems ..........................63
info.hotims.com/49810-28

Carlo Gavazzi Inc.............................................30
info.hotims.com/49810-9

Munters Corp./Dehumidification Div. ..........79
info.hotims.com/49810-51

Carrier Corp......................................................35
info.hotims.com/49810-10

Munters Corp./Dehumidification Div. ...4th Cvr
info.hotims.com/49810-29

ClimaCool Corp ................................................80
info.hotims.com/49810-57

Munters Corp./Dehumidification Div. ..........25
info.hotims.com/49810-30

ClimateMaster .................................................82
info.hotims.com/49810-68

Onicon, Inc .......................................................34
info.hotims.com/49810-31

Umicore AG & Co. KG .....................................20
info.hotims.com/49810-43

Climaveneta S.p.A. ..........................................93
info.hotims.com/49810-12

*Parker/Sporlan Valve ....................................57
info.hotims.com/49810-32

Unilux Advanced Mfg, LLC.............................18
info.hotims.com/49810-45

*Con Edison......................................................39
info.hotims.com/49810-13

Perma-Pipe ......................................................79
info.hotims.com/49810-54

Unilux Advanced Mfg, LLC.............................78
info.hotims.com/49810-49
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Pottorff ..............................................................81
info.hotims.com/49810-63
Reliable Controls Corp ...................................78
info.hotims.com/49810-50
Reliable Controls Corp .....................................2
info.hotims.com/49810-35
Renewaire, LLC ..................................................6
info.hotims.com/49810-36
Ritchie Engineering/Yellow Jacket Div........79
info.hotims.com/49810-53
Schneider Electric ..........................................17
info.hotims.com/49810-37
Sentech Corp ...................................................81
info.hotims.com/49810-62

TandD US, LLC..................................................81
info.hotims.com/49810-60
Tekleen Automatic Filters Inc .......................81
info.hotims.com/49810-61
Thybar Corp. .....................................................78
info.hotims.com/49810-47
Tjernlund Products, Inc..................................82
info.hotims.com/49810-65
Tower Tech ........................................................81
info.hotims.com/49810-64
Trane ..................................................................33
info.hotims.com/49810-41
Trane ....................................................................8
info.hotims.com/49810-42
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