
Hot Steam and
Cold Brews

Designing a steam system for a brewery can be
frustrating as the logic of low-pressure steam is

opposite that of other HVAC systems.
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Editor's Note

By Herb Woerpel

Engineering Observations
and Assumptions for 2022

For those of us working in the built environment, 2022 arrives with a great deal of uncertainty.

SCROLL

Goodbye 2021, and hello 2022.

I hope you were able to safely welcome in the New Year with friends and families, and, unlike myself,  that your New

Year’s resolutions remain intact.

For those of us working in the built environment, 2022 arrives with a great deal of uncertainty. Over the next 12

months, numerous boxes must be checked. Firms must continue to harbor new technologies with an emphasis on

collecting, tracking, and safely migrating data to the cloud. Ef�ciency will continue to be a cornerstone of every �rm's

operations with resiliency and sustainability ranking a half step behind. Firms will continue to be challenged by staf�ng

shortages, aiming to �ll unprecedented vacancies. Through all of this, companies must navigate a global pandemic,

ensuring the health and safety of their clients (and employees) is achieved through IAQ and ventilation system

reinforcements. And, this is just the proverbial tip of the iceberg, as I haven't even mentioned evolving energy

regulations, the drive for decarbonization, or refrigerant regulations that are sure to change the way the game is played.

 

While 2020 and 2021 did its best to tear us apart at the seams, 2022 is certain to follow in its footsteps. (I hate to point

this out, but, phonetically, 2022 is 2020, too — or 2020, Part 2. Good grief!) Now that we've of�cially turned the page

beyond 2021, I’ve taken the liberty of making a few observations and assumptions for the year to come.

The Future Is Clean
The HVACR industry will continue to embrace clean energy. This will occur through decarbonization; electri�cation; the

adaptation of low-GWP refrigerants; and the introduction of local, state, and national ef�ciency regulations.

In November 2021, the U.S. government introduced its Net Zero World Initiative — a partnership between countries

working to implement their climate ambition pledges and accelerate transitions to net-zero, resilient, and inclusive

energy systems. Through this initiative, countries committed to raising their climate ambitions will work across U.S.

government and the Department of Energy's (DOE’s) national laboratories to create and implement highly tailored,

actionable technology road maps and investment strategies that put net-zero within reach. Kudos to the government

for taking the wheel on this important endeavor.  

Domestically, 24 states and the District of Columbia have established economy-wide greenhouse gas emissions targets.

These goals will certainly include a mixture of renewable energies, which are poised for a banner year. According to S&P

Global Market Intelligence, as much as 44 gigawatts of utility-scale solar and 27 gigawatts of wind are expected to come

online this year. For solar, this forecast is nearly double 2021′s estimated 23 gigawatts of new capacity. For wind,

2022′s projected additions easily surpass the current annual record of 16 gigawatts, set in 2020. This growth is largely

spurred by the expansion of state-issued renewable requirements and government tax credits. The implementation of

these technologies offers engineering �rms lots of opportunities.

When it comes to climate initiatives, several HVACR manufacturers are not only talking the talk, they’re walking the

walk. Johnson Controls has committed to reaching net-zero carbon emissions by 2040; Trane Technologies has

committed to meeting a 2050 net-zero target; LG has pledged to transition to 100% renewable energy by 2050; and

Danfoss has pledged to become CO2 neutral in all of its global operations by 2030 — to name a few.

Numerous engineering �rms have also jumped on board. McKinstry has pledged to achieve net-zero annual carbon

emissions by 2040; WSP USA launched a new climate, resilience, and sustainability business; and Jacobs has

committed to 100% renewable energy and net-zero carbon operation in 2020 and to become carbon negative by 2030.

What approaches, technologies, and climate actions is your �rm embracing to further this trend?

Photos courtesy of ACEC Research Institute

Fresh Air Is in High Demand
Due to the pandemic, clean, healthy indoor air is no longer a want; it’s a need. Engineers will continue to quarterback all

industry sectors in maintaining healthy indoor environments today and post-pandemic.

Right-sizing HVAC systems to provide adequate ventilation will ultimately create cleaner and more comfortable

environments. These changes will be triggered through regulations and equipment innovations, which will ultimately

create new opportunities for engineers. Every cfm matters!

ASHRAE’s new headquarters in Peachtree Corners, Georgia, provides a wealth of anecdotal proof. The facility boasts

an overhead fresh-air distribution system complete with displacement air distribution in the learning center and

demand control ventilation (DCV) that will serve the high-occupancy spaces in the meeting and learning center. Prior to

the COVID-19 pandemic, ASHRAE was already planning to provide 30% more outside air to the building than the

required minimum ventilation rates from ASHRAE Standard 62.1, “Ventilation for Acceptable Indoor Air Quality.” The

society intends to implement other applicable guidance that has been developed by the ASHRAE Epidemic Task Force

(ETF) for commercial of�ce buildings in the near future.

The pandemic has revealed that America’s current IAQ standards are not suf�cient. Minimum standards must be

improved to re�ect IAQ that is resilient and capable of responding to all future challenges, whether that’s natural

disasters, indoor particulates, or (gulp) another pandemic.

Moving forward, evolve your �rm’s narrative from “Is your building ready?” to “Is your building right?” Sage engineers

can always �nd areas for improvement.

Longer Waits, Higher Costs
Ongoing tariffs on steel and aluminum and microchip shortages will continue to impact HVACR manufacturers, leading

to continued shipping delays and increased shipping costs.

Delays related to transit issues, port congestion, container and component shortages, trucking backups,  etc., will

continue to challenge the strength of the supply chain and test the �ber of your customer relationships.

In the short term, strive to be upfront with customers and openly communicate why delays and rising costs are

occurring and the effect they're having on all businesses. Trust remains a crucial element in professional relationships —

don’t take that for granted.  

In the long term, the element of risk may factor into manufacturers and distributors’ business models, which may lead to

fewer global suppliers, slightly larger inventories, and greater sales and inventory transparency.

Now Hiring
Data from the American Council of Engineering Companies (ACEC) shows that while the industry has rebounded from

project postponements due to COVID, the lack of quali�ed workers continues to throttle growth across public and

private markets.

Per ACEC’s second-annual Engineering and Design Services Industry Assessment (EDSIA), 97% of respondents agreed

the industry labor market was tight, 87% of respondents had at least one open position at their �rms, 64% of

respondents believe their �rms will see an increased backlog of projects over the next year, and 74% of respondents

predict there will be an increase in hiring over the next year.

Clearwater, Florida-based Pure Air Control Services Inc. recently commenced a “100 in 30 days” hiring campaign

designed to recruit and train as many as 100 technicians in HVAC testing, cleaning, and restoration in 30 days.

Skilled engineers will continue to be highly sought after in 2022. From a boots-on-the-ground view, if you’re thinking of

advancing your career by shopping your skills around, now may be as good a time as any.

Predictions
I only have one proclamation to make today: Your �rm or business will experience a great deal of success this year.

Why? Because you’re taking the time to sharpen your sword by reading trade journals, such as Engineered Systems. For

that reason alone, you’re already ahead of your peers, who are likely spending their spare time oogling at Instagram

in�uencers or venturing down the YouTube wormhole.

I hope 2022 is your best year yet. If there is any way Engineered Systems can help you achieve your goals this year, don’t

hesitate to reach out.

Herb Woerpel
Herb Woerpel is editor-in-chief of Engineered Systems. Contact him at
woerpelh@bnpmedia.com.
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Industry News

Todd Garing Named President
of Mueller Associates

SCROLL

BALTIMORE — Mueller Associates named Todd Garing, P.E., LEED AP BD+C, president of Mueller Associates, effective

Jan. 1, 2022.

Garing joined the �rm in 1993 and has served as vice president and group manager since 2007. In the company’s long-

planned leadership transition, Robert Marino, P.E., who has served as president since 2006, will continue as chairman

of the board.

Garing will assume day-to-day management of the the mechanical, engineering, and plumbing (MEP) �rm, which is

widely known for engineering complex building projects with stringent system requirements, including museums,

performing and �ne arts centers, STEM and health science education buildings, and historic properties.

Garing has been at the helm of many of the �rm’s most signi�cant engineering projects, including the modernization of

the National Air and Space Museum (NASM) in Washington, D.C., now under construction for the Smithsonian

Institution. He has also served as principal-in-charge, overseeing the historic restorations of the National Academy of

Sciences on the National Mall and the Enoch Pratt Library in downtown Baltimore. He has managed large-scale projects

for many of the area’s higher education and academic institutions, from George Mason University, Virginia

Commonwealth University, and Virginia Tech to nearly every institution within the University of Maryland’s higher

education system.

ABMA Opens General
Registration for
BOILER 2022

VIENNA, Va. — Registration is now open for BOILER 2022 – ABMA Boiler Technology Conference & Expo, an event

focused exclusively on the boiler supply chain with direct engagement between boiler industry manufacturers and those

involved in the purchasing, operation, and maintenance of boilers. The event is scheduled to occur April 11-13 at the

Hyatt Regency in Dallas.

With two days of exhibition and insightful educational content, there is a unique opportunity to connect with numerous

manufacturers in the boiler industry and learn about today’s solutions to address boiler room needs and challenges.

An all-access pass enables attendees to fully experience BOILER 2022, including the keynote session featuring former

Cpt. Chris Cassidy, chief astronaut, NASA, and commander of the International Space Station; timely educational

sessions; 75-plus boiler industry exhibitors in the expo hall; industry tours; social events; and much more. Supply chain

partners can also purchase one- and two-day expo only passes. Early-bird pricing is available until Jan. 21.

NYC Project Leaders Trevor Boz,
Philip Brychta Promoted to WSP
USA Senior Vice Presidents

NEW YORK — Mechanical engineers Trevor Boz and Philip Brychta have been promoted to senior vice president within

the New York Property and Buildings business at WSP USA.

For more than 13 years at WSP USA, Boz has served as a project executive and mechanical team leader on multiple

projects. He is responsible for the design of HVAC and mechanical engineering systems on a variety of project types,

including laboratories, health care facilities, complex commercial structures, and industrial buildings. He leads the �rm’s

New York science and technology practice.

Boz has taken leadership roles on many of WSP’s projects, involving pharmaceutical research spaces, laboratories for

health care, institutional campus building renovations and expansion, medical schools, complex physics laboratories,

and health care facilities.

Boz graduated from Binghamton University with a bachelor’s degree in mechanical engineering. He is a registered

professional engineer in multiple states, an accredited professional for the U.S. Green Building Council’s (USGBC’s)

Leadership in Energy and Environmental Design (LEED) program, and has achieved his project management

professional (PMP) certi�cation.

Some of his notable projects include Quest Diagnostics Flagship Laboratory, Northwell Health Core Labs, Barbados

National Lab, and more than 1 million square feet of renovation and new construction for Regeneron Pharmaceuticals.

Brychta has 19 years of experience in mechanical engineering, all with WSP USA. His experience covers various project

types, including commercial, government, education, residential, and hospitality.

Brychta has served as project manager on many projects, providing guidance to multidisciplinary teams and

contributing his technical expertise. He works diligently to ensure the highest quality standards are applied and is a key

lead in the �rms ISO 9001 quality assurance program.

Some of his notable projects include the Aria Resort and Casino in Las Vegas; the U.S. Embassy in Athens, Greece; the

Milstein Center at Barnard College; 100 Rock at Rutgers University; and Tiffany’s Flagship Store in New York City.

Brychta graduated from Penn State University with a bachelor’s degree in architectural engineering. He is a

professional engineer in New York, a LEED accredited professional, and a member of ASHRAE.

NSI Industries Acquires Duro
Dyne Corp.

HUNTERSVILLE, N.C. — NSI Industries LLC acquired Duro Dyne® Corp., a Bay Shore, New York-based sheet metal

manufacturer for the HVAC industry.

Since 1952, Duro Dyne has been a manufacturer of sheet metal accessories and equipment for the HVAC industry. The

Duro Dyne acquisition adds the HVAC market to NSI’s distribution model. Additionally, both companies possess strong

operational advantages within their own ranks, including customer service and product development, which allows

them to combine these strengths to even better serve their customers.

“Duro Dyne has built a tremendous reputation with its customers over the years as not only providing �rst-in-class

products but also as the easiest company to work with in the market,” said G. R. Schrotenboer, CEO of NSI Industries.

“By leading with these attributes, Duro Dyne naturally aligns itself with NSI and its approach to the marketplace. We

welcome the Duro Dyne team to the NSI family and look forward to increasing Duro Dyne’s HVACR market share with

the added strengths as part of the NSI platform.”

David B. Krupnick, president of Duro Dyne Corp., said, “We are extremely excited to partner with NSI. Both companies’

synergistic value propositions in two of the most important sectors of the construction trade make this a perfect

marriage. With both companies’ core values being innovation, customer service, and growth, we expect, over the next

decade, to be able to catapult Duro Dyne to a new level in the HVAC industry with NSI’s support. This will be

accomplished by further supporting our tried and true values and expanding our scalable business model in the HVACR

industry. This partnership will make Duro Dyne an even greater name in sheet metal accessories.”

Stephen E. Browning Named
Hill Intl. Inc.’s Senior Vice
President, Federal Sector
Leader

PHILADELPHIA — Hill Intl. hired Stephen E. Browning, P.E., as senior vice president, federal sector leader. Browning

will work with Hill’s regional leaders across the U.S. to capture and execute program and project management

assignments for U.S. federal government agencies, including long-term clients, such as the U.S. General Services

Administration (GSA), U.S. Department of Energy (DOE), and U.S. Army Corps of Engineers (USACE), among others, as

well as cultivate relationships with new federal clients.

Browning comes to Hill with more than 30 years of experience in federal project management, most recently serving as

senior vice president, national federal market lead, with Michael Baker. Prior to Michael Baker, Browning held the

positions of program executive, DOE legacy management program, with Navarro Research and Engineering; client

account executive and senior vice president with CH2M Hill/Jacobs; chief strategy and development of�cer and senior

vice president with Weston Solutions; director of programs and senior vice president with MWH Global; and chief of

military programs and senior executive service for USACE. Highlights of his career include leading the reconstruction of

national infrastructure across Iraq under the Coalition Provisional Authority’s $12.6 billion reconstruction program.

Browning’s leadership of the program was recognized by the “Service To America Award for National Security and

International Affairs.”

Browning holds a master’s degree in civil engineering and bachelor’s degree in civil engineering from Colorado State

University. He is also a graduate of Harvard University Business School’s Advanced Management Program and Johns

Hopkins University’s National Security Studies Program. He is a senior executive Fellow of the Harvard University

Kennedy School of Government and a registered professional engineer in Minnesota.

Browning’s speci�c responsibilities will include identifying opportunities; partnering with federal agencies and owners;

identifying market trends to better serve clients and grow Hill’s business; assessing staf�ng and teaming capabilities;

recruiting subordinate team members; and overseeing Hill’s program, project, and construction management services

for federal clients.

Hydraulic Institute Introduces Circulator
Pump Energy Rating Labels

PARSIPPANY, N.J. — The Hydraulic Institute (HI) introduced its Circulator Energy Rating labels, which will appear on

circulator pumps and are designed to help HVAC professionals understand and quantify the bene�ts brought by the

advanced technology and on-board controls found on the latest circulators. The labels also help installing contractors

communicate these bene�ts to end users.

“Pumps drive the comfort and convenience we are accustomed to today,” said Michael Michaud, executive director,

Hydraulic Institute. “Informative energy rating labels make it easy to identify a pump’s energy performance and

opportunity for energy savings. As the industry strives for more energy-ef�cient solutions and to make a substantial

impact toward sustainability targets, implementing the right pump technology is critical.”

Circulator Energy Rating labels target the most ef�cient circulator pumps in the market. The higher the energy rating,

the more savings the circulators can provide end users. In addition, with the Circulator Energy Rating label and

database, utilities and energy ef�ciency program administrators can streamline their rebate programs for the selection

of energy-ef�cient circulators. Rated circulators save energy, maximize overall system ef�ciency, cut operational costs,

and reduce carbon emissions. Since these pumps have integrated variable-speed controls, additional bene�ts include

optimized performance and improved comfort through more even space heating or cooling.

The energy rating labels enable the comparison of selected circulator pumps based on average power consumption.

They can be used to estimate the power savings or to estimate and compare the power savings of multiple circulator

pumps. When looking to replace a circulator pump, for example, selecting a labeled pump can achieve signi�cant power

savings compared to a traditional circulator. This is made possible by replacing traditional motors with advanced

electronically commutated motors (ECMs). While the improved ef�ciency alone provides a signi�cant reduction in

energy consumption, ECMs also include integrated variable-speed control, which allows the circulator to adjust the

system requirements by speeding up or slowing down to meet demand. This reduces energy costs even further and

improves overall comfort.
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On The Internet

Every successful project starts with a framework. A vision statement. A blueprint. The staff of Engineered Systems is

proud to present The Blueprint — a monthly Q&A interview with HVACR engineering’s leading voices. These one-on-

one discussions examine the trade’s history, current industry trends, the factors shaping the sector’s future, and more.

In the most recent installment, Kevin Herreman, principal acoustic scientist at Owens Corning, discusses the problems

posed by industrial noise, shares some research on models to more accurately predict insertion loss, and more.

Engineered Systems: Beyond hearing loss, what are some issues the World Health Organization (WHO) has identi�ed

relevant to noise?

Herreman: Beyond the potential for hearing loss and requirements for hearing protection in work areas, sustained

exposure to high noise levels has been related to multiple health issues. According to the World Health Organization

Guidelines for Community Noise, these health effects can lead to social handicap, reduced productivity, decreased

performance in learning, absenteeism in the workplace and school, increased drug use, and accidents. 

From a cognition perspective, mental activities involving working memory, such as sustained attention to multiple cues

or complex analysis, are all directly sensitive to noise, and performance can suffer as a result. Noise also presents

consistent after-effects on cognitive performance with tasks, such as proofreading or persistence in solving challenging

puzzles. Epidemiological studies show that cardiovascular effects occur after long-term exposure to aircraft or road

traf�c noise with LAeq, 24h values of 65-70 dB. It’s interesting to consider that the risk for nose-induced hearing

impairment increases when noise exposure is combined with certain factors common in industrial applications,

including vibrations and chemicals. In these circumstances, long-term exposure to LAeq, 24h of 70 dB may induce

hearing impairment.

Engineered Systems: How do businesses typically try to reduce noise levels in their plants?

Herreman: Absorptive approaches to reducing noise can include adding absorptive panels to ceilings or walls. Some

more enlightened approaches include purchasing low-noise equipment. The National Institute for Occupational Safety

and Health and the NASA Buy Quiet website offer resources to support purchasing decisions. Many times, companies

will build an enclosure around a noise-emitting area to trap the sound. If the enclosure does not prove effective,

adsorption may be added around the equipment. However, this approach can potentially interfere with equipment

cooling.

Read the entire interview on Engineered Systems’ website. 

SCROLL

Percussive Maintenance is de�ned as the use of physical concussion, such as a knock or a tap, in an attempt to make a

malfunctioning device (or person) work. In Engineered Systems’ Percussive Maintenance podcast, we’re poised to do

much more than rattle the engineering industry’s exterior; we’re digging deeper into the subjects and topics that matter

most with some of the industry’s most important names.

In the latest episode, Hendrik Van Hemert, managing director of Edo, shares how the company was formed, its role in

building-to-grid (B2G) integration, and more.

Click here to listen to the latest episode of the Percussive Maintenance podcast.  

The Facility Files: CHI Health Center
The CHI Health Center in Omaha, Nebraska, called upon Lochinvar’s Copper-Fin 2 Pool Heaters to successfully

prepare its facilities for the rigors of the 2021 USA Swimming trials.

See the video on Engineered Systems’ website.

There's More to Explore

Facebook Twitter LinkedIn YouTube

Photo courtesy of Unsplash & Pixabay

Ambassadors of Ef�ciency
Do you work with an exemplary manufacturers' rep. who is dedicated to providing the best product possible for every

project?

If so, then show off your partners by nominating them in Engineered Systems' inaugural Ambassadors of Ef�ciency

Manufacturers’ Reps of the Year contest. Nominations will be accepted until Feb. 25. Enter your manufacturers' rep by

clicking here.
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Back 2 Basics

Introducing IAQ Monitoring, Measuring, and
Reporting Using Performance Contracting

Project Delivery

SCROLL

Project Delivery Method: Performance contracting  (PC) project delivery

Owner Team: Museum administration, facility manager, and asset management committee

Project Delivery Team: Owner representative (consultant), and PC �rm’s project manager and physician

HVAC Project Team: Building automation system (BAS) in-house technician; operation and maintenance (O&M) in-

house technicians; third-party commissioning consultant (CxC); and a third-party testing, adjusting, and balancing

(TAB) technician

Application: 250,000-square-foot museum in the Midwest

Project Type: An HVAC infrastructure retro�t following a facility audit and capital project master plan with a focus on

environmental management of the materials, e.g., books, papers, and photographs as well as occupant health and IAQ

lessons learned from the pandemic.

References: The codes and standards found at the back of each ASHRAE Handbook for 2017 ASHRAE Handbook,

Fundamentals; 2019 ASHRAE Handbook, HVAC Applications; 2020 ASHRAE Handbook, HVAC Systems and

Equipment; and Chapter 24, Museums, Galleries, Archives, and Libraries of the 2019 Handbook

Other References: ASHRAE Technical Committee TC 9.8, Building HVAC Application; ASHRAE TC 2.10, Resilience &

Security, Construction, and Operation of Sustainable Buildings; ASHRAE Humidity Control Design Guide for

Commercial and Institutional Buildings; ASHRAE Indoor-Air Quality Guide: Best Practice for Design, Construction, &

Commissioning; ASHRAE Standard 55, Thermal Environmental Conditions for Human Occupancy; and ASHRAE

Standard 62.1, IAQ

DESIGN INTENT DOCUMENT (DID)
The museum administration and its asset management in-house committee have signed a contract with a physician-

led �rm, offering a PC approach to improve the building environment to assist in furnishing, installing, commissioning,

monitoring, measuring, and reporting on the museum’s indoor environment

The program’s goal is to enhance the quality of the space to further protect the materials and occupants within the

facility based on the IAQ

Through the PC �rm, working closely with the owner’s team and the HVAC team, the PC team will draft a policy and

procedure (P&P) manual with lessons learned from existing operating conditions and measurement trending records,

leveraged by the PC’s own medical input on occupant health to create a continuous quality control framework and

established set of standards to measure the impact of indoor building conditions on museum materials and human

health to product the DID

The PC team will follow the aforementioned references as well as existing condition data logging and include the

following:

Museum key considerations, i.e., international standards, preservation and risk management, sustainability for

management of the materials and occupant health, and IAQ

Owner’s environmental health and safety (EH&S) program goals and additional goals

Process/system constraints

Enhance P&P as it pertains to the facility’s BAS

Specialized systems shall include the rare book area, etc.

Existing conditions: central air system(s) supply air and/or return air cfm, general and toilet exhaust, heating systems,

and air conditioning systems

Air �lters: Pre-�lter, �nal �lter, after-�lter, HEPA �lter, fan-powered HEPA �lter, and charcoal �lters based on

recommended humidi�ers and MERV rating per HVAC system application.

Health problem mitigation: The PC’s considerations to mitigate occupant health problems include fatigue, stress,

allergies, and eye irritation based on PC project goals, budget goals, and operating costs as well as the construction

timeline

DESIGN CRITERIA DOCUMENT
The HVAC design criteria shall be in sync with the project delivery method and the owner’s project requirements

The design criteria shall be based on an analytical analysis of existing facility, occupant, and HVAC conditions;

associated operation; and proactive maintenance management

Furnish and install a comprehensive IAQ monitoring system with remote measuring, data analysis, and reporting

process

The PC team will refer to ASHRAE guidelines for humidity control design and ASHRAE Indoor-Air Quality Guide:

Best Practice for Design, Construction, and Commissioning

Addition of space humidi�cation based on ASHRAE Humidity Control Design Guide

Owner’s facility environmental management audit

PC’s facility occupant health audit

From the aforementioned criteria, implementation update of all P&P manuals

Add humidi�er systems and individual space humidi�ers as required

Retro-commissioned central air systems along with addition of addition of humidi�ers and enhanced MERV-rated

�lters, which will replace the existing �lters. Rebalance the existing central air-handling systems when completed

The PC team to furnish, install, monitor, measure, and report monthly of the entire IAQ system

Add a new reverse-osmosis (RO) water system, serving new building humidi�ers furnished and installed per the PC

scope of work

The in-house BAS technician will update existing safeties and alarms associated with occupant health along with

accommodating the new monitoring and reporting system working with the PC team, third-party CxC, and third-

party TAB technician

The facility manager shall have the BAS and O&M technicians trained to accommodate P&P changes as they affect

the building management and HVAC systems

The PC team shall produce complete record documents, warranties, training, and a one-year renewable reporting

contract

Lead photo [Francesco Scatena][iStock / Getty Images Plus] via Getty Images

D E S I G N  E N G I N E E R ’ S  P U N C H L I S T

Project Delivery Method:
Design-Build (D-B)

Integrated Project Delivery (IPD)

Construction Management @ Risk (CM) with Guaranteed Maximum Price (GMP)

Performance Contract (PC)

Owner Team:
Museum Administration

Capital Project Manager

Facility Manager

Asset Management Committee

Project Delivery Team:
Owner Representative (consultant)

IPD Project Manager

PC’s Project Manager and Physician

Third-Party IAQ Consultant

HVAC Project Team:
Building Automation System (BAS) Technician (in-house staff)

BAS Technician (out-source staff)

O&M (operation & maintenance) Technician (in-house staff)

Third-Party Commissioning Consultant (CxC)

Application:
Places of Assembly, Chapter 5

Healthcare Facilities, Chapter 9

Museum, Chapter 24

Clean Spaces, Chapter 19

Project Type:
Renovation

Shell & Core

Infrastructure

Tenant Fit-Out

Facility Audit and Capital Project Master Planning

References:
2017 ASHRAE Handbook – Fundamentals

2018 ASHRAE Handbook – Refrigeration

2019 ASHRAE Handbook – HVAC Applications

2020 ASHRAE Handbook – HVAC Systems and Equipment

Refer to the Codes and Standards in the Back of Each ASHRAE Handbook for Additional Information

Other References:
ASHRAE Epidemic Task Force

Technical Committee 9.8

ASHRAE TC 2.10, Resilience & Security

ASHRAE Humidity Control Design Guide for Commercial and Institutional Buildings

ASHRAE Guide for Buildings in Hot & Humid Climates

ASHRAE Indoor-Air Quality Guide: Best Practice for Design, Construction, & Commissioning

ASHRAE Design Guide for Dedicated Outdoor Air Systems

ASHRAE Standard 170, Ventilation of Healthcare Facilities

DESIGN INTENT DOCUMENT (DID)
As a Result of the COVID-19 Pandemic in 2019, a Major Museum Located in the Midwest Part of the U.S. has put

together a PC project delivery (PD) Team to Update the Policy and Procedure (P&P) with Lessons Learned Over the

Past 18 months. Part of this Update Is the Section on HVAC

The PC Team Followed the Aforementioned References as They Pertain to Material Management Space,

Occupational Health and IAQ

Museum Key Considerations Include International Standards

Owner Environmental Health and Safety (EH&S) Program Goals and Additional Goals

Existing Conditions: Central Air Heating System(s) Supply Air and/or Return Air CFM, General and Toilet Exhaust;

Heating Systems; and Air Conditioning Systems

Air Filters: Pre-Filter, Final Filter, After-Filter, HEPA Filter, Fan-Power HEPA Filter Unit, and Charcoal Filters Based

on Recommended Humidi�ers and MERV Rating per the HVAC System Application.

Automatic Controls Shall Include Temperature Controls, Equipment Furnished Controls, BACnet Interface,

Internet Interface, Existing BAS Interface, and Existing Computerized Maintenance Management Software

(CMMS) System Interface

PC Project Goals: Budget Goals and Operating Cost as well as Construction Timeline

DESIGN CRITERIA DOCUMENT
The HVAC Design Criteria shall Be in Sync with the Project Delivery Method and Owner’s Project Requirements  

The Design Criteria Shall Be Based on ASHRAE 90.1 and State Energy Code Compliance for Outdoor Air

Temperature Compliance

ASHRAE Guidelines for Humidity Control and Buildings in Hot and Humid Climates

ASHRAE Indoor-Air Quality Guide: Best Practice for Design, Construction, and Commissioning

Enhance Existing Utilities (gas, oil, and electricity)

Retro�t the Existing Central Air-Handling Systems with the Addition of Humidi�ers and Enhanced Filter MERV

Ratings to Exceed Minimum Filter Guidelines

The PC Team will Produce Schematic Phase and Final Phase P&P documents

The In-House BAS Technician will Update Existing Safeties and Alarms Associated with Occupant Health Along

with Accommodating the New Monitoring and Reporting System Working with the PC Team,  Third-Party CxC, and

Third-Party TAB Technician

The Facility Manager Shall Have the BAS Technicians and O&M Technicians Trained to Accommodate P&P

Changes as they Affect the Building Management and HVAC System

Third-Party Commissioning Consultant (CxC) and Third-Party TAB Technician Shall Retro-Commission the

Central Air-Handling Systems to Assure the New P&P Compliance

-  A N S W E R S  M A R K E D  I N  B L U E  -

Project Delivery Method:
Design-Build (D-B)

Integrated Project Delivery (IPD)

Construction Management @ Risk (CM) with Guaranteed Maximum Price (GMP)

Performance Contract (PC)

Owner Team:
Museum Administration

Capital Project Manager

Facility Manager

Asset Management Committee

Project Delivery Team:
Owner Representative (consultant)

IPD Project Manager

PC’s Project Manager and Physician

Third-Party IAQ Consultant

HVAC Project Team:
Building Automation System (BAS) Technician (in-house staff)

BAS Technician (out-source staff)

O&M (operation & maintenance) Technician (in-house staff)

Third-Party Commissioning Consultant (CxC)

Application:
Places of Assembly, Chapter 5

Healthcare Facilities, Chapter 9

Museum, Chapter 24

Clean Spaces, Chapter 19

Project Type:
Renovation

Shell & Core

Infrastructure

Tenant Fit-Out

Facility Audit and Capital Project Master Planning

References:
2017 ASHRAE Handbook – Fundamentals

2018 ASHRAE Handbook – Refrigeration

2019 ASHRAE Handbook – HVAC Applications

2020 ASHRAE Handbook – HVAC Systems and Equipment

Refer to the Codes and Standards in the Back of Each ASHRAE Handbook for Additional Information

Other References:
ASHRAE Epidemic Task Force

Technical Committee 9.8

ASHRAE TC 2.10, Resilience & Security

ASHRAE Humidity Control Design Guide for Commercial and Institutional Buildings

ASHRAE Guide for Buildings in Hot & Humid Climates

ASHRAE Indoor-Air Quality Guide: Best Practice for Design, Construction, & Commissioning

ASHRAE Design Guide for Dedicated Outdoor Air Systems

ASHRAE Standard 170, Ventilation of Healthcare Facilities

DESIGN INTENT DOCUMENT (DID)
As a Result of the COVID-19 Pandemic in 2019, a Major Museum Located in the Midwest Part of the U.S. has put

together a PC project delivery (PD) Team to Update the Policy and Procedure (P&P) with Lessons Learned Over the

Past 18 months. Part of this Update Is the Section on HVAC

The PC Team Followed the Aforementioned References as They Pertain to Material Management Space,

Occupational Health and IAQ

Museum Key Considerations Include International Standards

Owner Environmental Health and Safety (EH&S) Program Goals and Additional Goals

Existing Conditions: Central Air Heating System(s) Supply Air and/or Return Air CFM, General and Toilet Exhaust;

Heating Systems; and Air Conditioning Systems

Air Filters: Pre-Filter, Final Filter, After-Filter, HEPA Filter, Fan-Power HEPA Filter Unit, and Charcoal Filters Based

on Recommended Humidi�ers and MERV Rating per the HVAC System Application.

Automatic Controls Shall Include Temperature Controls, Equipment Furnished Controls, BACnet Interface,

Internet Interface, Existing BAS Interface, and Existing Computerized Maintenance Management Software

(CMMS) System Interface

PC Project Goals: Budget Goals and Operating Cost as well as Construction Timeline

DESIGN CRITERIA DOCUMENT
The HVAC Design Criteria shall Be in Sync with the Project Delivery Method and Owner’s Project Requirements  

The Design Criteria Shall Be Based on ASHRAE 90.1 and State Energy Code Compliance for Outdoor Air

Temperature Compliance

ASHRAE Guidelines for Humidity Control and Buildings in Hot and Humid Climates

ASHRAE Indoor-Air Quality Guide: Best Practice for Design, Construction, and Commissioning

Enhance Existing Utilities (gas, oil, and electricity)

Retro�t the Existing Central Air-Handling Systems with the Addition of Humidi�ers and Enhanced Filter MERV

Ratings to Exceed Minimum Filter Guidelines

The PC Team will Produce Schematic Phase and Final Phase P&P documents

The In-House BAS Technician will Update Existing Safeties and Alarms Associated with Occupant Health Along

with Accommodating the New Monitoring and Reporting System Working with the PC Team,  Third-Party CxC, and

Third-Party TAB Technician

The Facility Manager Shall Have the BAS Technicians and O&M Technicians Trained to Accommodate P&P

Changes as they Affect the Building Management and HVAC System

Third-Party Commissioning Consultant (CxC) and Third-Party TAB Technician Shall Retro-Commission the

Central Air-Handling Systems to Assure the New P&P Compliance
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Case In Point

Metal HVAC Ventilation Duct
Replacement Offers Church Significant

Savings

SCROLL

Park Hill Baptist saved upwards of $100,000 on its duct retro�t and is also experiencing
improved environmental conditions for its occupants

 

The perpetual showering of corrosion and paint �akes from a church's recreation center’s HVAC metal duct was an

ongoing maintenance annoyance. However, the real challenge for Park Hill Baptist Church was the $100,000-plus price

tag to replace the system.

After several unsuccessful recoating attempts, replacing the Christian Activities Center’s (CAC) duct was the only

logical solution. The gray-coated, 26-inch-diameter, double-wall spiral duct had become a dented, dirty, �aking eyesore

for the North Little Rock, Arkansas-based, 1,500-member church. Besides improved aesthetics and reduced

maintenance, replacement also promised enhanced IAQ as well as better temperature control and comfort.

Jeff Carson, facility manager, estimated a new metal duct system cost at more than $100,000 for demolition and

installation labor/materials. Replacement with metal duct would also require a lengthy weeks-long downtime for the

former gymnasium that was recently converted to a busy multi-use space. Stripping years of unsuccessful recoats,

priming, and applying another coating was a less expensive alternative but would have required longer downtimes than

new metal duct replacement.

After seeing fabric duct in local athletic facilities and churches, Carson priced a system manufactured by FabricAir for

the 37-year-old CAC, which is amid a three-year renovation phase that includes LED lighting, a new kitchen, a stage,

and other improvements.

“We were always disappointed with the CAC’s metal duct performance,” said Carson, who came to the church in 1998

after a previous career in the heavy industry market. “After witnessing the improved temperature uniformity and the

great look of fabric duct at newer nearby gyms and churches, we were sold on the concept.”

While a metal duct replacement would have required an outside contractor, Carson and his three-man maintenance

staff undertook the metal duct demo and fabric duct installation themselves.

FIGURE 1: A FabricAir system was chosen for Park Hill Baptist Church's 37-year-old Christian Activity Center, which is
amid a three-year renovation phase that includes LED lighting, a new kitchen, a stage, and other improvements.

“All we needed was a scissors lift rental, because we felt we could install the fabric duct ourselves,” said Carson.

The installation of an aluminum H-track suspension system to the steel beams of the building’s 30-foot-high ceiling

required only beam clamps. After suspension system installation, Carson’s team and Tom Boothe, regional sales

manager, FabricAir, remeasured the duct sizing, which is recommended by the factory’s engineering dept. The 28-inch-

diameter Combi 70 black fabric duct was custom manufactured and shipped to the church, and the installation required

only a few hours of sliding its clips into the H-track suspension system and zippering lengths together. All totaled, the

fabric duct cost the church less than $10,000 for materials, with a great savings coming from an in-house staff

installation.

The fabric air dispersion was designed as two straight, 75-foot-long runs through the center of the CAC, which

required less linear feet of duct due to the design change from the original horseshoe-shaped metal duct’s more

expansive, less ef�cient perimeter con�guration. Instead of metal registers every 12 feet, approximately 85% of the

air�ow is dispersed through linear arrays with approximately 2-inch-diameter ori�ces positioned at 4, 5, 7, and 8

o’clock on the entire length of each duct. Instead of large volumes of air from single metal duct registers, the linear

ori�ces disperse the same air volume but in even, uniform patterns. Dust and condensation accumulation are prevented

by the remaining 15% air that �ows through the fabric’s factory-engineered permeability.  

The two fabric runs were connected to the original metal supply takeoffs of the existing Coleman and Trane 20-ton

packaged rooftop units. Factory engineering designed two 45-degree fabric elbow offsets to circumvent obstacles.

Using fabric versus custom-fabricated metal offsets saved the project approximately $7,000.

The facility’s two original return grills mounted near the ceiling continue to provide recirculation to the rooftop units.

The church saved upwards of $100,000 on its duct retro�t and is also experiencing improved environmental conditions

for its occupants and its maple hardwood �oor.
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Commissioning

Punchlists and Commissioning
Action Lists

The punchlist process can work well for static installation and documentation
items but almost never includes dynamic or operational issues at the time of

substantial completion.

SCROLL

By Rebecca T. Ellis, P.E., CXA, CCP, BCxP

Thanks to The American Institute of Architects (AIA) and its contract templates for all things related to design and

construction, there are industry standards for closing out a construction project. After more than 25 years of

commissioning being incorporated into some design and construction projects, the industry has yet to address how

commissioning �ts into an owner’s contractual acceptance of a project.

The traditional project closeout process includes two major milestones: substantial completion and �nal completion.

Substantial completion is the stage at which the contractor’s work is suf�ciently complete such that the owner can

occupy or utilize the building for its intended use. Final completion is the point at which the owner agrees all contract

requirements have been met, and the contractor is paid fully for the construction work.

It is expected at substantial completion that there will be some outstanding contractual obligations the contractor still

needs to ful�ll, and it's a standard practice for the contractor to prepare and submit a full list of items to be completed

or corrected before �nal completion. This list is commonly referred to as the punchlist, and the owner needs to agree to

the items on the punchlist as part of the substantial completion process. This typically involves the design team and the

owner working with the contractor to prepare the punchlist to everyone’s satisfaction.

Punchlists are typically comprised of physical items identi�ed during a “punchlist walkthrough” of the project (e.g.,

missing signage, damaged �nishes, broken door handles, missing components, site cleaning, etc.) and yet-to-be

submitted closeout deliverables, such as O&M manuals, training, record drawings, etc. In short, these are items easily

identi�able by a design team member and/or owner’s representative. Final completion and, more importantly to the

contractor, �nal payment is not due to the contractor until all items on the punchlist have been signed off as completed

by the owner.

The punchlist process can work well for static installation and documentation items but almost never includes dynamic

or operational issues at the time of substantial completion. That is where the commissioning action list (CAL) comes in

for commissioned projects. The CAL is essentially a punchlist for invisible operational issues that cannot be seen during

a punchlist walkthrough.

Lead photo [kupicoo][E+] via Getty Images

The CAL is developed and maintained by the commissioning professional separate from the punchlist and, like the

punchlist, is tracked through issue resolution. However, it is almost never mentioned in the project closeout

requirements, either in the bid speci�cations or in the construction contract with the owner. Therefore, the building

owner has no clearly de�ned contractual “teeth” to require the contractors to correct de�ciencies listed in the CAL

before �nal payment.

This can result in CAL items lingering and being ignored long after the substantial completion milestone, and this

situation is one of the most frustrating aspects of commissioning for all project team members. Tracking open CAL

items is time-consuming for the contractor; the commissioning professional; the building owner; and, even when design

intent questions arise, for the design team at a time when everyone should be moving on to their next project.

I recommend construction contract writers (including the American Institute of Architects [AIA]) incorporate the CAL

into a broader de�nition of the “punchlist” that needs to be fully closed-out before �nal completion can be declared and

�nal payment made. Until that happens, commissioning professionals can address this on a project-by-project basis

with their building owners and design teams as project closeout speci�cations are written and contracts are executed. It

is easy enough to include language regarding the CAL but not so easy to change decades of the way things have always

been done.

Rebecca T. Ellis, P.E., CXA, CCP, BCxP
Rebecca Ellis is president of Questions & Solutions Engineering Inc. in Chaska, Minnesota.
Email her at rebecca.ellis@qseng.com.
WWW.ESMAGAZINE.COM/ELLIS
Use this handy shortcut to see Rebecca’s entire online archive of commissioning insights.
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Building Health: A Physician’s View

The Many Faces of Ozone
Over time, elevated ozone concentrations are associated with increased

asthma attacks, hospital admissions, and deaths from respiratory and
circulatory disease.

SCROLL

By Stephanie Taylor, M.D., M. ARCH, CIC

Image courtesy of Pixabay.

One small molecule, ozone, has both a very good and very bad reputation. On the one hand, we worry about areas in the

stratosphere with ozone layer thinning, known as ozone holes. On the other hand, even trace amounts of ozone in our

ground-level breathing zone are harmful to our health. To compound these mixed messages, we also hear about the

odor-removing bene�ts of ozone indoors, yet air-cleaning devices that release ozone as a byproduct are harmful.

How can one molecule have so many actions? To make sense of this, let’s look more closely at the structure and

chemical reactivity of ozone.

The trioxygen ozone molecule, O3, consists of three oxygen atoms and looks very similar to the dioxygen oxygen

molecule, O2, which makes up 20% of the air we breathe. Despite this similarity, the third oxygen atom in ozone, like

many threesomes, creates molecular excitability and high reactivity. Unfortunately, at ambient temperatures, ozone

does not convert to the life-giving dioxygen gas we breathe.

Ozone has two “extra,” or unbonded, electrically charged electrons hovering nearby, creating what is popularly known as

a free radical. Free radicals bond to molecules with opposite charges in the relentless quest for neutral, low energy

states.

The neutralizing ozone reactions can impact our health both directly and indirectly through the formation of secondary

harmful chemicals, such as aldehydes.

Ground-Level Ozone and Human Health
Ozone is fairly insoluble in water, so when inhaled, our upper airway mucus does not quickly trap it. Instead, the active

molecule can travel into the depths of our lungs, where it reacts with biological molecules in our lower respiratory tract.

Ozone is especially drawn to thiol and amine groups and double carbon-carbon bonds. For example, thiol, or sulfur-

containing molecules, are ubiquitous in our body, contributing to protein folding, enzyme activity, and proper

development of stem cells. In short, we do not want these key processes altered.

Another effect of ozone inhalation is the widespread release of free radicals that damage nearby cells through

in�ammation. Furthermore, ozone disrupts the protective cell-cell junctions between lung cells, creating “leaky lungs,”

which allow particles and microbes to move directly into the circulation. Once in the blood stream, particles can travel

throughout the body to almost every organ.

Figure 1: Ozone in the stratosphere and at ground level.
Image courtesy of Building4Health

How quickly does inhaled ozone cause problems to our health? Unfortunately, even trace amounts that we cannot smell

cause harm in less than six hours. The early symptoms include throat irritation, bronchospasm (asthma symptoms),

coughing, and inability to inhale deeply without pain. Over time, elevated ozone concentrations are associated with

increased asthma attacks, hospital admissions, and deaths from respiratory and circulatory disease.  

Where does ground-level ozone come from? Most outdoor ozone is the result of reactions between volatile organic

compounds (VOCs) and combustion products, such as nitrogen dioxide.

Indoors, ozone is released by electronic equipment, photocatalytic air cleaners, electrical circuits, and reactions

between VOCs and combustion gases. In some buildings, indoor sources exceed outdoor sources. Indoor mitigation can

be achieved by proper ventilation, minimal use of ozone generating appliances, and the presence of mid-range relative

humidity. Indoor water vapor (humidity) increases the settling out of ozone from the airborne environment, thus

decreasing inhalation doses.

In Summary
Ozone is a known outdoor pollutant that is regulated to protect against adverse health effects; and

Indoor spaces can either decrease or exacerbate ozone exposure, depending on outdoor in�ltration rates; indoor

generation of ozone; and, when necessary, ozone mitigating strategies, such as maintenance of mid-range relative

humidity (RH 40%-60%), proper ventilation, and the use of charcoal �lters in mechanical systems.

We need to be mindful of ozone and limit our indoor exposure to this excitable molecule.

Stephanie Taylor, CEO and founder of Building4Health Inc.
Dr. Stephanie Taylor, a graduate of Harvard Medical School (MD) and Norwich University
(master’s in architecture), is the founder and president of Building4Health Inc. She now
focuses her lifelong commitment to promoting health on improving the safety of the built
environment. Her work has been published in Nature, Science, and other peer-reviewed
journals.

Use this handy shortcut to see Stephanie’s entire online archive of IAQ insights.
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Security & Resiliency

Data-Driven Resilience
It's possible to de�ne resilience in a way that is both logical and measurable.

By Scott Campbell, Ph.D, P.E.

SCROLL

The introduction of a new concept, such as resilience, into the design paradigm often leads to confusion about the real

meaning of the notion and how to determine when (or if) the project goals are met. We frequently see this problem with

regards to sustainability, which became a buzzword some years ago. There are many different de�nitions of what being

sustainable means, multiple measures used to evaluate sustainability, and little agreement on which one should be used

in a situation or even how to exactly determine compliance for a given project. The same issue may arise for resilience,

as interest in obtaining a more resilient built environment continues to grow. The idea of developing objective measures

for use in design is not a new concept, and multiple activities are underway to bring objectivity to resilient design. A

recent session of the Global Concrete Summit (access to the recordings are free!) explored some concepts of objective

or data-driven resilience. There were many excellent talks presented over multiple sessions, but I would like to highlight

three presentations (in Session 4B) that directly addressed this issue.

Dr. Mohammad Ettouney, a renowned expert on blast, structural health monitoring, and disproportionate collapse, and

editor of an upcoming American Society of Civil Engineers Manual of Practice on Objective Resilience, discussed the

need for objectivity in resilient design. He highlighted ways in which the “four Rs” of resilience — robustness,

resourcefulness, recovery, and redundancy — relate to concepts such as preparedness, protection, mitigation, resource

allocation, and planning. Ettouney further illustrated subjective versus objective measures of resilience and outlined

three possible objective measures: continuity of operation, time to recovery, and monetary losses.

Dr. Henry Burton, associate professor of civil and environmental engineering at UCLA, discussed the use of risk

analysis for resilient design of distributed systems. In particular, he addressed the need for end-to-end simulations

models, looking at the entire process from hazard to resilience metrics as well as the role of data in developing models

and the interdependence of various models. Through examination of the water distribution system of Napa, California,

as an example, Burton demonstrated the step-by-step process ranging from determining fragility curves for the

components to predicting damage based on the risks over the project lifetime and determining damage and restorative

actions. The incorporation of uncertainty into the model and the effect on the predicted outcomes was also described.

Image courtesy of Pixabay.

Dr. Franz Ulm, professor of civil and environmental engineering at MIT, and technical director of the Concrete

Sustainability Hub, described several projects that make use of statistical physics to address both resilience and

sustainability issues. This involves looking at the internal aspects of a problem and considering how physics-based

knowledge of material behavior can be used to predict response. One facet is the use of city texture, that is, the layout

of streets and buildings, to better predict the forces exerted by the wind during hurricanes. Another application

considers the �ooding risk due to rainfall. Finally, an examination of the socioeconomic impact of natural hazards

showcased that even though �nancial losses due to hurricanes are greater at higher income levels, the ability to absorb

those costs is also greater, leading to lower income populations being impacted much more by natural hazards as

measured by their ability to withstand the costs.

What can we take away from these talks and other similar activities around the world aimed at bringing objectivity to

the concept of resilience? First, that it is possible to de�ne resilience in a way that is both logical and measurable.

Second, techniques exist for translating those de�nitions into predictions of resilient behavior, taking into account

uncertainty in both the hazard and response. And, �nally, if we are aiming at achieving true resilience in our projects, we

have to look beyond the equivalent of “greenwashing” and show how our designs are actually providing value to the

client and community. By demonstrating that resilience can be based on rational, measurable goals, the research and

development performed by the speakers provide platforms on which further advancement of engineered resilience can

be achieved. This is also the goal of my employer, the National Ready Mixed Concrete Association, as my colleagues and

I work with many groups, including connecting industry, academia, government, and other professional organizations, to

�nd ways to increase resilience, in all its manifestations, through improved guidelines, codes and standards, and

dissemination of the latest advancements. As the concepts and tools developed become available to practicing

engineers, it is up to us to put them to use advancing the state of practice to include enhanced resilience.

Scott Campbell, Ph. D, P.E.
Scott Campbell is senior vice president of structures and codes for the National Ready
Mixed Concrete Association. He holds bachelor and master’s degrees in civil engineering
from the University of Illinois at Urbana-Champaign and a Ph.D from the University of
California at Berkeley. He has published numerous articles in the areas of nonlinear
analysis and blast design of buildings and is an active member on various committees of the
American Society of Civil Engineers (ASCE), ASHRAE, and the American Concrete
Institute (ACI). He is also a member of the board of directors and past president of the
Architectural Engineering Institute (AEI) of ASCE. Campbell is a registered professional
engineer in six states.
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Building Automation

Smartphone Apps and
Building Automation

Systems

By Matthew Foley, P.E.

SCROLL

Apps related to building automation systems can be categorized pretty
easily by the audience they’re designed for.

Image courtesy of Unsplash

Some apps are designed speci�cally to be used by building maintenance staff. These apps are designed for speci�c

tasks, like managing alarms, adjusting set points, scheduling equipment, reviewing equipment operation, and

occasionally placing and removing overrides. This sort of app is probably the most commonly found across the various

BAS product vendors. This sort of app is also the one that would be most likely described in a construction project

speci�cation currently.

The next category are those designed for building occupants. In my opinion, this category is the one where the industry

will see the most innovation. Today, these apps commonly have features meant to improve the experiences of both

employees and visitors in a building. They have features related to making environmental adjustments, like temperature

set points and light level preferences. They also have features, like way�nding and interactions related to building

amenities, such as meeting rooms.

Finally, we �nd apps that stand out in their uniqueness but, accordingly, �t a very small subset of the built environment.

I've read about apps that are meant to collect temperature preferences from building occupants in common areas and

are then used to make “better” decisions about HVAC systems. I've read about apps that are meant to limit access to

make adjustments on specialized equipment, such as chillers. There are countless other use cases and apps to match,

and I would love to hear what you, as a reader, have found to be a “killer app” related to the BAS sector.

Some apps are designed speci�cally to be used by building maintenance staff. These apps are designed for tasks like

managing alarms, adjusting set points, scheduling equipment, reviewing equipment operation, and occasionally placing

and removing overrides. This sort of app is probably the most commonly found across the various BAS product

vendors. This sort of app is also the one that would be most likely described in a construction project speci�cation

currently.

The next category are those designed for building occupants. In my opinion, this category is the one where the industry

will see the most innovation. Today, these apps commonly have features meant to improve the experiences of both

employees and visitors in a building. They have features related to making environmental adjustments like temperature

set points and light level preferences. They also have features like way�nding and interactions related to building

amenities, such as meeting rooms.

Finally, we �nd apps that stand out in their uniqueness but, accordingly, �t a very small subset of the built environment.

I've read about apps that are meant to collect temperature preferences from building occupants in common areas and

are then used to make “better” decisions about HVAC systems. I've read about apps that are meant to limit access to

make adjustments on specialized equipment, such as chillers. There are countless other use cases and apps to match,

and I would love to hear what you, as a reader, have found to be a “killer app” related to the BAS sector.

Matthew Foley , P.E.
Matthew Foley, P.E., has been part of the building automation industry since 2006. He got his
start doing commissioning and retro-commissioning as a project engineer with EMC Engineers
and meandered through the industry to specialize in integration projects and controls upgrade
projects for government clients both inside and outside the U.S. During this time, he earned his
certi�cation as a professional engineer in the state of North Carolina for control systems
engineering. Later, he worked as a sales support engineer for Distech Controls, helping factory
authorized system integrators use best practices with building automation products. He
currently works as the director of energy services and technology for CMS Controls, a provider
for building automation projects in the Southeastern U.S. When he’s not working, he enjoys
spending time with his wife and their baby girl and tinkering with new computer programming
languages.
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COVER STORY

Brewery Boiler Systems:
Sanitation, Sterilization,

and Customer Satisfaction
Designing a steam system for a brewery can be frustrating, because the logic of low-

pressure steam is opposite that of other HVAC systems.

By Ray Wohlfarth

Microbreweries are still opening at an accelerated pace, and many are using steam in the brewing process. Designing a

steam system can be frustrating, because the logic of low-pressure steam is opposite that of other HVAC systems.

Want more heat in a hydronic boiler? Turn up the temperature control. Want more air from a blower? Increase the

speed. If that logic is used on a steam system, the results will often have the opposite effect.

Understanding Steam Volume
Steam volume and how it affects the system operation is a bit confusing. Imagine watching a television game show

called “The Boiler Show.” In front of the contestants is a vertical, 3-foot-tall, 3-foot-diameter pipe. The show's host says

the game's object is to �ll the pipes with as few balls as possible. Whoever �nishes �rst wins the grand prize, a golden

thermocouple. Contestant No. 1 is given baseballs while another receives basketballs. Before contestant No. 1 can

object, the host says the basketballs represent steam at 2 psig, and the baseballs represent steam at 12 psig. For

example, steam at 2 psig has a volume of 23.5 cubic feet (basketball), and steam at 15 psig has a volume of 14 cubic feet

(baseball). I realize the size ratio is not exact, but stay with me. If the object of the boiler is to �ll the kettle or piping as

quickly as possible, an operator will need to generate about 60% more steam at 15 psig to �ll the pipes than one would

at 2 psig. Steam at lower pressures has greater volume and will �ll the system quicker than steam at 15 psig.

Steam Velocity
Steam velocity is also the reverse of what one would think. Consider a 400,000-Btuh steam boiler with an output of

320,000 Btuh is connected to a 4-inch black iron pipe. At 2 psig, the velocity inside the pipe is 25 feet per second. If the

steam pressure is increased to 12 psig, the speed of the steam drops to 16 feet per second or about 35% slower. When

sizing steam pipes for low-pressure steam systems, 40 feet per second seems to be the most common velocity

recommended by boiler manufacturers for the near-boiler piping. This should be veri�ed with the manufacturer. Near-

boiler piping is the steam piping directly connected to the boiler.

Sizing the Boiler
Steam systems are sized according to the connected load. To size the steam space heating boiler, all the heat emitters

should be totaled, and about 10%-20% is added to cover the piping. When sizing the steam boiler for a brewery, it

becomes more complicated. An undersized boiler will not meet the brewer’s requirements. An oversized boiler can

cause short-cycling, which can shorten the boiler life, increase fuel consumption, and provide �uctuating steam

pressure to the system.

Prior to sizing a brewery boiler, the planned operation of the brewery should be discussed with the owner or brewer.

There are typically three steps in the brewing process where steam may be used: brewkettle, hot liquor, and mash

vessel. In the beginning, brewers may stagger the different stages. As the sales grow, the brewer may operate the stages

simultaneously to meet the increased demand. The following are the Btuh requirements for a typical 10-barrel brewery:

Brew Kettle         320,000 Btuh

Hot Liquor            195,000 Btuh
 Mash Vessel         290,000 Btuh

Total                         805,000 Btuh
 

Piping Loss           161,000 Btuh
 Total Needed      966,000 Btuh

If the brewer plans to stagger the brewing processes, a boiler with a Btuh output of 400,000 would work for each step.

To handle simultaneous operation, the boiler would have to be much larger. The drawback to sizing for simultaneous

operation is when only one process is operating, the boiler will short cycle.

Another common error when sizing a brewery boiler is if the customer purchases oversized equipment. For example, a

brewer informed me the boiler should be sized for 10 barrels, their target production rate. When verifying the size of

the equipment (always do that), we discovered the brew kettle purchased was sized for 20 barrels. When asked about it,

the owner said he was only going to brew the 10 barrels. The boiler wants to �ll the steam side of the vessel, and the

boiler should have been sized for the larger size.

What Is Piping Loss?
Earlier, an extra 10%-20% was added to the boiler sizing for the piping losses. The piping loss is the amount of heat it

takes to warm the steam pipes from room temperature on a cold startup. During a cold startup, most of the generated

steam is used to warm the pipes. This leaves little steam for the process. Once the pipes are warm, the steam can start

doing the work you need. Adding 10%-20% to the heat loss calculation should cover the piping loss.

Steam Pressure
Since December 1899, steam systems for space heating were sized using 2 psig as the design steam pressure.

Conversely, brewers like to operate their steam boilers at pressures as close to 15 psig as possible. When they do,

production problems likely occur. These problems could include the pop safety valve opening and losing all the steam, or

the limit pressure control will trip, resulting in no steam. Either of these conditions will cause production problems and

upset brewers.

Most pop safety valve manufacturers require a safety margin between the normal boiler operating pressure and the

pop safety valve setting. They do not want the boiler operated too close to the set point of the pop safety valve. This

margin is typically 4 psig. In other words, the pop safety manufacturer suggests operating the boiler at no higher than

11 psig.

The limit control will shut off the burner if the boiler steam pressure reaches the setting of the control. The limit control

is typically a manual reset control, which means it will not allow the boiler to start until the boiler pressure drops below

the control set point and the reset button is pushed. When speaking with brewers, be sure they size their kettles for the

11 psig. Many are sized for 15 psig.  

FIGURE 1: The strainers in this setup should be horizontal, not vertical.  

Steam Systems Need to Breathe
I use this metaphor to help designers and installers understand steam system operation. When the boiler is off, and the

system is cool, all the piping, components, and space above the boiler water are �lled with air. On a call for steam, the

burner starts and heats the water until it becomes steam. Water expands about 1,600 times its volume when it becomes

steam. Like exhaling, the steam zooms out of the boiler and into the piping at around 25-30 miles per hour. It pushes the

air inside the piping, and the air is removed from the system through the vent pipe on the boiler feed or condensate

tank. At the end of the steam cycle, the steam starts to condense. Air rushes in to take the place of the condensed steam

through the same vent on the boiler feed tank. Essentially, the system is inhaling. If there are closed valves in the

system, the system cannot breathe, and odd stuff happens. Things such as banging pipes, condensate going backward,

�ooded boilers, or �ooded condensate return tanks begin to occur. When the system has control valves that close,

vacuum breakers must be installed to allow the system to breathe.

Don't Let the Water Collect
When steam condenses, it will revert to its natural state: water. This water should not be allowed to gather in the piping

or system, as it could cause water hammer. Water hammer will likely occur if water pools on one side or the other of a

control valve. Water hammer is when the steam picks up the slug of water and hurls it against the nearest �tting or

valve. The slug of water traveling at 25-30 miles per hour can damage whatever it collides with, resulting in downtime

or expensive repairs. Also, look for sags in the piping where condensate can pool.

Steam Piping
When sizing the steam piping, I prefer to slightly oversize the steam piping in case of future expansion or simultaneous

operation of the equipment. It is only slightly more money and will allow for future �uctuation in the brewery capacity.

Strainers are suggested to be installed before any steam trap. The strainer will protect the trap by �ltering any large

pieces of rust or dirt and not allowing them to enter the trap. The ori�ces in the trap are small and plug quickly. A

common mistake is when the contractor installs the strainer with the blowdown vertical, looking straight down. Water

could collect and cause water hammer. Be sure the strainer is piped so the blowdown is pointed horizontally to the side.

It is a good piping practice to use schedule 40 black iron pipes for the steam piping and schedule 80 for condensate

piping. Schedule 80 pipe is about 50% thicker than schedule 40 pipe. The reason for this is when steam condenses,

carbon dioxide, a byproduct of steam, is produced. When the carbon dioxide mixes with the condensate, carbonic acid is

formed. The schedule 80 pipe allows for longer life and fewer repairs.

Spring-loaded check valves are suggested for the outlet piping for the feedwater pumps. This eliminates the possibility

of ghost �ow between the boiler and the boiler feed tank.

When the piping has to be reduced, consider using an eccentric reducer instead of a concentric. The eccentric reducer

should have the offset on the top. This prevents condensate from pooling in the piping and causing water hammer.

Black iron piping for steam systems is preferred over copper. Copper expands about 40%-50% more than black iron.

Due to the staggered operation of brewery boiler, this expansion and contraction could cause leaks in the joints of

copper piping.

Near-Boiler Piping
The near-boiler piping is the piping directly connected to the boiler. This piping is critical to the proper steam operation,

as it helps to dry the steam before entering the system piping. If incorrect or undersized, carryover could occur.

Carryover is when slugs of water are carried out with steam and into the piping. Carryover lowers the ef�ciency of the

system by causing premature condensation of the steam. This could overload the steam traps and cause the system to

stall. As a result, the brewer will not have steam available.

Remove the Air
Steam maven Dan Holohan has a saying: Two gases cannot occupy the same space. If the vessel has air inside, the steam

cannot enter until the air is removed. Be sure none of your piping has seals that can trap air inside the vessel. Another

reason to remove the air is 1/25 inch of air has the same resistance as a 4-foot-thick piece of iron.

Always insulate the pipes. An uninsulated pipe will lose �ve times more heat than an insulated one. This could cause

premature condensation of the steam and overloaded steam traps.

Steam Systems like Balance
Steam systems do not like rapid changes. For example, consider a steam system that has 10 psig steam inside, and a

valve opens quickly. The system senses the pressure difference and promptly tries to balance the pressures. The steam

zooms toward the lower pressure at close to 30 miles per hour (mph). This rapid evacuation of the steam chamber

causes carryover and wet steam. If possible, use slow opening valves or slightly oversize the steam supply piping to act

as a buffer.

Understanding Heat in a Steam System
Heat in a hydronic system is sensible heat, which is heat that can be measured with a thermometer. When heating water,

it takes approximately 1 Btu to heat 1 pound of water 1°. In addition to sensible heat, steam systems also have latent

heat. This is the heat required or surrendered to cause a change of state, and it is substantially more heat than sensible

heat. To raise the temperature of 1 pound of water from 70°F to 212°, a difference of 142°, it will take about 142 Btu.

Once the water reaches 212°, it will take an additional 970 Btu to change it from water at 212° to steam at 212°. This

seems like a tremendous amount of energy, but this latent heat zooms through a building without needing a pump,

compressor, or blower. Once the steam reaches the kettle or other vessel, it will release the latent heat, and that is the

true heating capacity of a steam system. For example, the heating capacity of 10 psig steam has 207 Btu sensible heat

and 953 Btu latent heat for a total heat of 1,160 Btu. Steam at 14 psig has the 216 Btu of sensible heat and 947 Btu of

latent heat for a total of 1,163 Btu. In other words, the higher steam pressure only added 3 additional Btu.

FIGURE 2: A table charting steam velocity at 12 psig by boiler input and output.

Burners
Variable input rather than on-off burners are recommended for brewery boilers due to the �uctuating steam loads.

They are a little more expensive, but will extend the equipment life and produce a better steam �ow for the brewer.

Consistent steam �ow is desired for most brewers to get the best batch.

The following are the types of burner �ring arrangements available.

On-Off — When the boiler steam pressure reaches the set point of the control, the burner shuts off. As the

steam is used in the facility, the boiler steam pressure drops. Once the steam pressure drops to the starting set

point, it will start the boiler.

Advantage: Lower purchase price.

Disadvantage: More boiler cycling.

Low High Off — This burner starts at low �re and will travel to high �re where it will stay until the call for

steam ends or the boiler reaches its pressure set point. This essentially is an on-off burner. The low �re start

will reduce ignition noise.

Advantage: Lower purchase price, reduced ignition noise.

Disadvantage: More boiler cycling.

Low High Low — This burner starts at low �re and will travel to high �re until the steam pressure gets close to

the set point of the pressure control. This burner is considered a two-position burner, as it will either be in low

or high �re and not between.

Advantage: Less boiler cycling, reduced ignition noise, better ef�ciency, and more constant steam

pressure.

Disadvantage: More expensive than on-off or low high off burners.

Modulating — This burner starts at low �re and will travel between low and high �re until the call for steam

ends or the boiler reaches its pressure set point. It can move to any position between low and high �re. Either

low high low or modulating burners are preferred for brewery boilers.

Advantage: Less boiler cycling, reduced ignition noise, better ef�ciency, and more constant steam

pressure.

Disadvantage: More expensive than on-off, low-high-off, or low-high-low burners.

Combustion Air
Since the operation is intermittent for many brewery boilers, auxiliary heat may be needed in the boiler room, especially

if there are �xed combustion air louvers in the wall. Always error on the side of caution and install additional heat, even

if the combustion air has automatic dampers.

Stack Damper
Stack dampers are installed in the �ue outlet of the boiler. These are used to keep the heat in the boiler when it shuts

off, and their secondary purpose is to protect the boiler from freezing when cold air drops down the chimney or stack

during off times. These are suggested for brewery boilers because of the staggered operation.

Water Treatment
All boilers need water treatment, this is even more evident with brewery boilers because of their intermittent operation.

As the boiler warms the water, it will drive the oxygen molecules from the water. On the non-brewing days, the room

temperature water will reabsorb the oxygen molecules, and they will attack the metal surfaces in the boiler. The brewer

should be encouraged to contact a water treatment expert with experience with brewery steam systems.

Types of Pressure Controls
The typical commercial steam boiler has the following pressure controls.

Operating — The operating control is the pressure you want the boiler to operate. This is typically set for 11-

12 psig. This control is an automatic reset and will cycle between the set point and the differential pressure.

Limit — The limit control is set higher than the operating control. On a low-pressure steam boiler, this is

usually around 15 psig. This control is a manual reset control, which means it will not allow the boiler to start

again until the boiler pressure drops below the control set point and a manual reset button is pushed.

Firing Rate — The �ring rate control changes the burner �ring rate according to the pressure setting. These

are used on low-high-low or modulating burners. On the low-high-low burner, the �ring rate control will set

the burner at either low or high �re. On a modulating burner, it will put the �ring rate anywhere between low

and high �re. This is an automatic reset control and should be set slightly lower than the operating pressure

control.

System Problems
The following are some common problems and the probable causes.

Problem: The boiler pop safety valve is opening.

Reasons: The operating pressure control is set too close to the relieving pressure, or the pop safety

valve is defective or worn.

Problem: The boiler is tripping the limit control.

Reasons: The operating pressure control is set too close to the limit control setting, or the limit

control is defective.

Problem: The boiler feed tank is �ooding.

Reason: The tank is undersized for the system, thus a possible vacuum is forming in the system.

Problem: The boiler is �ooding.

Reasons: The pump control located on the boiler is defective, and a possible vacuum is forming in the

system.

Good luck on your next microbrewery project. I hope these suggestions are helpful.

Ray Wohlfarth
Ray Wohlfarth is president of Fire and Ice in Pittsburgh. He is currently a columnist for Plumbing and
Mechanical and PM Engineer magazines and the author of “Lessons Learned in a Boiler Room.”
Wohlfarth also taught a course for the Green Building Research Institute on green boilers and is the
RP chair for West Virginia ASHRAE, membership chair for West Virginia Association of Physical
Plant Administrators (WV-APPA), and a member of the Radiant Professionals Association.

Video courtesy of the Charlotte Video Project
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FEATURE

A Job 'Not'
Well Done

A project is not compliant when commissioning and testing, adjusting, and balancing
are not completed together to industry standards.

By Howard McKew, P.E., FASHRAE

Here are six important goals, in no particular order, building owners, building managers, and facility managers will

always want to achieve:

1. Optimum utility, operation, and maintenance annual budgets to actual performance.

2. Continuous occupant healthy environment success.

3. Continuous occupant comfort success.

4. Continuous energy conservation initiatives.

5. Continuous commitment to preserving the environment.

6. Providing a safe and secure building.

These are important goals, but they're not achievable without the contribution of third-party certi�ed testing, adjusting,

and balancing (TAB) �rm. How so? The building industry has recognized third-party commissioning (Cx) is necessary to

ensure the building owner’s building program will ful�ll the project’s design intent document, but that is only the half of

it. The Cx agent is responsible to monitor and report on the HVAC building systems and con�rm the engineer’s design

criteria and the contractor’s installation have met the contract document compliance. However,  Cx agents overseeing

of the equipment/system startup and individual systems' automatic control demonstrations often fall short of

delivering a complete HVAC system performance veri�cation.

Building Projects Are Like New Cars
Would a new car owner accept his or her purchase if the vehicle came driving out of the showroom sputtering and

back�ring? Not likely. Determining whether a new HVAC system is sputtering and back�ring is not as obvious as this

vehicle that was not operating per the design intent. My car analogy is further demonstrated in Figure 1. This sales

sticker documents the features — aka the design intent document (DID) — and lists the equipment's features, e.g.,

mechanical and performance, safety and security, etc. In this analogy, the Cx agent — as having been engineered and

installed in the automobile per the DID — is responsible to con�rm each electronic feature, such as the tire pressure

monitoring system (TPMS), performs through system demonstration as designed.

FIGURE 1: A sample new car window sales sticker.

But, who con�rms the miles per gallon (mpg) statement printed on the car’s window sticker, which states the automobile

operates at 27 mpg (combined 25 mpg city/highway and 32 mpg highway) is accurate? My answer to this analogy

question is that it is the TAB technician who is responsible for tuning up the car — or, in our sake, the central air

system’s minimum and maximum supply air�ows.

Going back to the 1970s, the HVAC engineering community has been specifying TAB water and air systems be

balanced in accordance with one of the following TAB organizations procedures: Associated Air Balance Council

(AABC); Testing, Adjusting, and Balancing Bureau (TABB); or National Environmental Balancing Bureau (NEBB), but,

unfortunately, these industry standards are not followed to their full intent. Unlike third-party commissioning, TAB

services are usually competitively bid by HVAC contractors, where the TAB �rm will be responsible to the HVAC

contractor �rst and the contract documents second. The HVAC �rm will be a subcontractor to the primary contractor,

moving the TAB �rm further away from the owner and design engineer.

Until I had taken the NEBB certi�cation test (classroom and �eld tests), I was as guilty as many consulting engineers

truly enforcing the speci�cation within the contract document speci�cation, believing the TAB �nal report was

complete. Without researching deeper into these organizations’ TAB procedural manuals, pre-TAB technician tasks did

not get documented and submitted to the design engineer.  An example of a procedure falling through the cracks is the

common omission of TAB technicians creating a system �ow diagram prior to going to the job site to begin the �nal

water or air balancing (Figure 2 provides a sample central air system �ow diagram). Completing these system �ow

diagrams and submitting them within the TAB shop drawing submittal to the designer engineer should be part of the

organizations, such as Sheet Metal and Air Conditioning Contractors’ National Association's (SMACNA's) TAB

Procedural Guide. This �ow diagram would include points where the TAB technician should take air�ow and static

pressure readings. The same would occur with a chilled water or hot water system schematic water system layout.

FIGURE 2: Sample Central Air System Flow Diagram
 Image courtesy of SMACNA

Achieving the Goals
Referring back to the six important goals noted above, commissioning can contribute to achieving these objectives, but

these goals cannot be reached without the TAB �rm being empowered to follow their company’s certi�ed procedures.

To empower is to require the TAB �rm to be independent from the contractors and work in parallel with the Cx agent.

Just like the Cx agent is hired by the building owner, the TAB �rm should also be hired by the building owner or hired as

a Cx-TAB team to perform the overview with the Cx agent observing the �nal system demonstration, and the TAB �rm

performing the actual air and water balancing. Just like the Cx agent works with the design team and the construction

team, the TAB �rm would be empowered to do the same, especially in the construction phase so that the TAB �rm

representative/technician coordinates the TAB scope of work noted in this image, available on the Building Smart

Software website. A parallel track of commissioning and TAB process �ow diagrams provides an overview of the design

and construction phases with �eld visit reports and the implementation of TAB procedures as speci�ed in the contract

documents.

Beginning in the design phase, the TAB �rm should complete the following in sync with the Cx agent performing the

design phase commissioning requirements:

1. Design review for TAB-ability point and accessibility review.

2. Develop system �ow diagrams with “design-to-actual” data (air and water) that will be completed in the

construction phase (A sample is noted in Figure 2).

3. Equipment and terminal unit “design-to-actual” data (air and water) that will be completed in the construction

phase.

4. Establish the room-by-room air (and/or water) balance sheet and associated space pressure data as well as overall

�oor-balanced calculation, e.g., minimum system �ow, constant �ow, and variable �ow with associated �oor space

pressure data.

5. Draft the TAB speci�cation similar to the Cx agent drafting the commissioning speci�cation requirements.

6. Ensure the document design phase section of the �nal TAB report is in sync with the Cx agent completing the

design phase section of the �nal commissioning report.

In the construction phase, while the Cx agent is completing his or her contract scope of work, the TAB �rm should be

performing the following:

1. Continue to build the �nal TAB report through documentation.

2. Attend job site meetings.

3. Observe installation, e.g., perform sheet metal distribution pressure testing, etc.

4. Complete �eld reports per each system.

5. Complete equipment pre-startup and startup checklists.

6. Complete a system distribution checklist.

7. Complete air and/or water balancing in sync with the automatic control �eld technician(s).

8. Complete the TAB �rm’s certi�cation forms, e.g., room-by-room and terminal-by-terminal design-to-actual data

readings.

9. Complete the system �ow diagram sheets.

10. Complete the �nal tab report.

A Culture Change
Historically, more often than not, the TAB �rm selection has been completed through a “request for bid” by the HVAC

contractor. Seldom will a project owner or owner representative solicit TAB bids. As a result, TAB �rms are often

perceived as commodities based on price. When done this way, the DID compliance will be in jeopardy, as the

construction phase begins and the TAB �rm is not a third party to the building owner along its counterpart, the

commissioning agent. Think about it: Cx and TAB are the two key components for assuring the design intent of the

HVAC will be met, and while the Cx agent is in direct contact with the owner or owner representative, the design

engineer, and the primary contractor or construction manager, the TAB �rm is usually three levels removed from

answering to the HVAC contractor that is adhering to the primary contractor. There is no direct contact between the

TAB �rm and the designer or owner.

It’s worth noting this recommended culture change will come at a cost, because the TAB �rm will begin its work in the

design phase and follow through with adherence to the TAB certi�cation requirements, ending with the �nal TAB report

at the end of the construction phase. This premium will be approximately 5%-10% more than the standard TAB bid,

where the TAB �rm begins its work in the construction phase, e.g., $2,500-$10,000 premium on a $50,000 TAB cost to

be completed in the construction phase. The return on investment delivered when a third-party TAB �rm works in sync

with the Cx agent should be less than a one-year return on investment when compared to how the HVAC systems could

be sputtering and back�ring with no one’s knowledge leaving the showroom. More importantly, the TAB work will be

performed in strict accordance with TAB procedural industry standards.

Summary
Many may struggle with this culture change to TAB professional services when it is recommended the TAB process

begin in the design phase in sync with the Cx agent starting his or her work in the design phase. But, just like an

automobile that has all its electronics commissioned and can be easily demonstrated to the new buyer that it will

operate within the “city-highway” predicted MPG, the third-party TAB process will assure the building owner, building

manager, and facility manager those six goals will be reached based on:

1. Optimum utility, operation, and maintenance annual budgets to actual will be achieved. The systems will have been

demonstrated to the Cx agent, along with the facility personnel observing each sequence of operation, that the

TAB �rm had adjusted and documented each sequence’s air and/or water �ow, pressure readings, and pressure

drops. It will be further demonstrated the equipment is delivering the speci�ed quantities and that these tuned-up

systems, including the terminal units, will avoid the wasting of energy and its associated operating cost.

2. With tuned-up central air systems, occupant health can be assured based on the engineer’s DID for air changes and

air �ltration ef�ciency.

3. With tuned-up central air and water systems, occupant comfort can be assured based on the DID. Occupant

complaints attributed to room temperature and ventilation can be minimized.

4. Just like the automobile that isn’t sputtering and back�ring, the tuned-up central air and water systems in sync with

the building automation system will assure all parties the designed HVAC will provide continuous energy

conservation via ef�ciency of operation.

5. With ef�cient system performance and associated energy consumption, continuous commitment to preserving the

environment can be assured especially if the building program included the investment to achieve net-zero energy

status.

6. With occupant health achieved and the incorporation in engineered safety systems, e.g., engineered smoke

evacuation sequence of operation, then a safe and secure building can be assured.

When commissioning and TAB are completed together following industry TAB procedural standards, then the

equipment’s performance will commence with a job well done.
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Ten Things to Think
About as Your New Boiler

Journey Begins
These are the best of the best considerations from 40 years of being in and out of

more than 300 industrial plants in 12 different countries.

By John Puskar, P.E.

Getting a new retro�t boiler or even installing one for a new process is a journey. There’s a lot of places you can go to

get very basic information about boilers; however, there’s few places to go and resources you can consult that will help

you to avoid very unwelcome surprises on this journey. In this article, I am providing 10 special insights that have made

for pain and suffering in boiler journeys that I have witnessed. These are the best of the best issues from 40 years of

being in and out of more than 300 industrial plants in 12 different countries and watching the wringing of hands and

the gnashing of teeth. Pay attention, and you’re likely to �nd some nugget here that will be an “aha!” moment for your

journey.  

1.     Can You Change Heat Source Technologies (i.e., Do Something Other
than a Boiler?)
For at least 30 years, it’s been trendy to do away with central steam plants and boilers wherever possible and replace

them with point-of-use space heating or process heating equipment. Decentralization can have many ef�ciency bene�ts.

Decentralizing is not always a slam dunk, and it has to carefully analyzed, but it’s been an undeniable popular trend.

If you can’t decentralize and you’re currently using steam, can you switch that up to hot water/hydronic? Can you pick

off some remote loads and cut down on distribution systems? What about the nature of your loads? Are they largely

seasonal? Can you redesign for a summer shutdown of your central plant? All of these are start-of-the-project

considerations to better de�ne loads and technologies to deploy.

FIGURE 1: Replacing steam coils with direct or indirect �red gas burners has become commonplace.

2.     Trust Me, You Need More Than Just a Boiler
If it’s time for a new boiler, (i.e., a retro�t), then it’s likely time for more than just a boiler. If you don’t think this, then

you’re not looking hard enough or in the right places. This is a time for non-destructive testing (NDT) to evaluate the

condition of your deaerator, condensate tanks, and feedwater piping that is in especially vulnerable areas. What about

feedwater and condensate pumps? This just scratches the surface of possible needs. I can go on and on. It’s been my

experience that you will instantly lose credibility if, a year later, you come back asking for more funding to address

issues you missed, so do a fantastic investigation and scoping job right now.

An often-overlooked area for replacement is feedwater piping. The discharge of feedwater pumps is usually a part of

piping systems that are susceptible to �ow accelerated corrosion (FAC). This is a phenomenon that occurs when a high-

velocity or turbulent area sees lots of oxygen molecules. It’s a really aggressive failure mechanism you should take very

seriously. Ultrasonic thickness testing, which is not a very costly technology, can �nd eroded piping quickly.

FIGURE 2: A feedwater elbow laid out with a grid (yellow dots) for ultrasonic thickness testing.

3.     Overall Risks Associated with the Fuel and Boiler Should Be
Considered
Was there ever a process hazard analysis (PHA) done in the life of the boiler facility? I am on a number of National Fire

Protection Association (NFPA) code committees. The process safety world is being introduced to the codes and

standards world very aggressively. The term PHA did not appear in NFPA documents a few code cycles ago. Now, it’s

being added and referenced in many documents. A great place to learn about PHA’s is with the American Institute for

Chemical Engineers website. Also, OSHA’s Process Safety Management (PSM), program has considerable information

about PHAs. 
 

It’s quite possible the very location of your boiler systems and/or the technology in use is a complete mismatch for the

facility today. For example, maybe the walls are not even �re rated for what would be required today. Maybe the

location of the boilers is near dormitories where kids now live. Maybe you can replace drum-type steam boilers with

instantaneous steamers or hot water systems to reduce stored energy in these systems if this is the case. These are all

risk considerations, and it starts with a PHA led by a skilled facilitator. 
 

This is not just the time to think about explosions. It’s also the time to think about big steam leaks and how steam might

get shut off. It’s time to think about emergency plans and where fuel would get shut off. It’s also time to think about

reliability. Should you add connections for an emergency rental boiler at this time?
 

This might also be a time to think about reliability and inherent design risk mitigation. This might start with thinking

through sparing philosophy, (i.e., a couple of smaller units instead of one big one). It’s always better to be able to be

“freeze protected” or in some partial production with part of your boilers down than to have only one boiler and being

completely out of the space or process heating business. 
 

FIGURE 3: A PHA could get one thinking about what’s on the other side of the boiler room wall.

4.     Who Are Some of the People Who Need to Be Involved?
People hate to feel disrespected. Sometimes, when they are, they feel like they need to intervene just to remind others

they exist. Such could be the case if a designer forgets to involve a jurisdictional insurance provider, corporate risk

management team, corporate environmental staff, or even the local building department, assuming a building permit

was required.

In the case of boilers, it’s especially important to include the jurisdictional folks early. Companies or institutions may

have boiler insurance, and a carrier may require certain safety options be installed. You don’t want to have a new system

installed and then be denied coverage on that object. They don’t do that often, but they can.

Don’t forget about the environmental compliance folks. There may have to be changes to a project’s air permits. The air

permit requirements might also drive the burner style that is speci�ed (i.e., low NOx).

5.     OK, Is it Like for Like, or Are We Changing up the Style or Type?
Replacing like for like (i.e., watertube for watertube, �retube for �retube, same size for same size) has lots of

advantages. Switching up is OK, but there could be lots of things that go with it that you need to consider. For example, I

have seen cases where steam boilers have been changed out in commercial facilities, and the new boilers hold less

water. Hence, there’s a �ooding of the system when condensate returns. Then, destructive water hammer occurs or lots

of valuable condensate ends up in the sewer soon after every startup and shutdown.

Firetube boilers are very forgiving, change loads well, and water treatment is not as critical as it is with an instantaneous

steamer. If you went with an instantaneous steamer in place of an existing �retube and you don’t have a lot of

condensate return and little operational support, is that really the best long-term answer for you? I doubt it. Errors with

feedwater quality with these kinds of systems can become serious very quickly.

Remember also that if you switch technologies, there may be new special requirements for clearances. This can be

clearances to combustibles, like �oors. It could also be clearances required for �retube boiler installations so that new

tubes can be installed if they are ever needed.

FIGURE 4: Firetube boilers require room on one of the ends for a possible tube replacement.

6.     A Few Words on How “Green” the Thing Is and Why
Ef�ciency and green are wonderful but not at the expense of reliability. Lose a day of production or send everyone home

for a day because of a reliability issue and then let me ask you how it went when you reminded everyone that this new

“green machine” saved some energy dollars or carbon.

Low NOx burners can be wonderful for the environment and might be required for air permits. However, they generally

have lots more moving parts, (possibly �ue gas recirculation, for example). They can also have somewhat exotic burner

technologies in use that can be somewhat delicate in their operation.

If you need Low NOx for air permitting or to meet corporate carbon goals, then great. If not, there are likely more

conventional technologies that are less expensive and more maintenance- and technician-friendly to choose from.

Combustion controls and technologies related to ef�ciency can also be somewhat maintenance-intensive and can

involve more retro�t work than you intended. In some cases, �ue gas venting will have to be carefully considered

because of the much colder �ue gases. Ef�ciency is great, just make sure you consider all of the consequences of what

comes with the ef�ciency.

7.     What Technological Options Should I Consider with the New Boiler?
There’s a technology arms race of sorts playing out in the �red equipment world. Everyone is boarding the Internet of

Things (IoT) train, and it’s headed down the tracks at you. This means many of the boilers available today come with lots

and lots of blinking lights and human machine interface (HMI) graphics panels — lots of neat capabilities that were

never there before.

The only problem I have with it is that now it’s a matter of repairs and diagnosis with laptops that involve some service

contractor and not your staff. In today’s world of labor shortages, when will these folks even show up if there is a need?

Do you really need these extra bells and whistles? Do you even understand at the time of purchase that you got married

to a local service provider, and there’s absolutely no way out?

Make sure you ask about things like if there are limitations on who can do service and why. Make sure you get strategic

spare parts at the time of your installation. Some fuel train valves can take six to eight months to get at the time of this

writing. Can you afford to be down for that long?

How do you communicate with the devices? Will you get passwords? Is there wireless in the plant or facility? Do you

need to install a communications cable to tie the new boiler into your facilities network? Is there now a possible security

or hacking issue with the operation of the boiler that can damage your operations? These are all things you have to

think of now.

8.     What Are the Implications for Commissioning, Training, Operating
Procedures, and Ongoing Maintenance?
Did you buy commissioning and startup? It’s usually an option that’s quoted as an extra, but it’s truly a necessity. It’s

likely the warranty may be impacted if it’s not a factory startup person. Commissioning is often like buying a house,

getting married, or dying. These are not things we plan to do very often. Hence, it’s hard to know what to expect. Let me

give you a few things to require. One is that set points of all devices (high and low gas pressure switches, combustion air

proving switches, and low �re start), be set in the �eld with data to back up and justify their settings. The other is that

fuel-air ratios be set and veri�ed once the equipment is warmed up from 0%-100% load and then in reverse.

Remember, to check air-fuel ratios at load means you have to have a load. In the case of steam systems, depending on

the weather and your system’s con�guration, this may mean you need to have a steam vent with a silencer. Some folks

are shocked and disappointed they need this, never had one, and then need to scramble for the money and time to put

one in.

FIGURE 5: Switches must be set in the �eld during commissioning. Make sure all conditions are well-documented.

FIGURE 6: Fuel trains for burner retro�ts can be challenging. Existing gas pressures and space available need to be carefully considered.

What will training look like? You need to review NFPA 85 and other relevant, applicable, consensus documents to make

sure you meet these requirements. There are speci�c categories of things that need to be covered. It’s very unlikely that

whatever the boiler vendor calls training really meets the requirements of what the applicable codes and standards

require. The next time I see that standard vendor offering being in compliance will be the �rst time I’ve seen it in 40

years.

In the cases I have worked as a forensic expert for the Occupational Safety and Health Administration (OSHA), most of

the time there are not adequate procedures. The applicable codes and standards contain minimum requirements for

procedures, including things like start-up/shutdown, lockout/tagout, maintenance, etc. Make sure you plan some time to

create what you need and don’t defer to, “Well, it’s in the manufacturer’s operations manual.” Make it �t your facility,

and make sure your people are trained in it and that it’s always readily available to them.

Ongoing maintenance will need to include considerations for both day-to-day operations, like maintenance of water

quality conditions along with periodic safety device testing. Decide now what parts will be addressed in-house and

which will require outside contractors. Make sure your people have the tools and training to meet any special needs.

9.     Yes, You Need to Meet the Requirements of all Current (Latest
Edition) Applicable Codes and Standards
Remember, too, that since you are installing all new recognized and generally accepted good engineering practices

(RAGAGEPs), this means all applicable codes and standards and internal guidance documents must be met. Every

forensic case I take after a horrible disaster starts with what RAGAGEPs might have been ignored. In the case of

boilers, at a minimum, these are NFPA 54 (National Fuel Gas Code), NFPA 85 (Boiler Combustion Hazards Code) for

boilers 12,500,000 Btuh input or greater, and ASME CSD-1 (Controls and Safety Devices for Automatically Fired

Boilers) less than 12,500,000 Btuh input. There are likely also state boiler and pressure vessel laws you will need to

consider.

FIGURE 7: Create a purge plan during the design phase. It will help you identify needs, like isolation blinds, early in the process.

An example of things to consider with code compliance is the requirement within ASME CSD-1 to have E-stops at

doors from the boiler room. It actually reads like this: 

“… A manually operated emergency shutdown switch or circuit breaker shall be located just outside the boiler room door and
marked for easy identi�cation. Consideration should be given to the type and location of the switch to safeguard against
tampering. If the boiler room door is on the building exterior, the switch should be located just inside the door. If there is more
than one door to the boiler room, there should be a switch located at each door. Activation of the emergency shutdown
switch or circuit breaker shall immediately shut off the fuel or energy supply. …”  Not every state is an ASME CSD-1 state —

ask a jurisdictional inspector to be sure. Even if you are not required to do this, it’s not a bad idea. 

Being in compliance with the latest issues in NFPA 54 means things like you need to be aware of proper purging

procedures for when the gas piping installation happens. You should make sure the gas piping for the project contains

purge points and the required methods for isolation. All NFPA codes and standards are available for free viewing at

www.nfpa.org.

10.    Beware of Three of the Biggest Possible Blunders
Of course, I can’t possibly cover all of the worst possible blunders, but here’s three that can really hurt your facility,

pocketbook, and career.

a.     Selecting a Pressure Capability that Is Not Compatible with the Rest of the Boilers or System — If you’re

retro�tting in a new boiler to an existing steam system that is also served by other boilers, you need to be careful that

the new boiler you purchased and the safety relief valves are compatible. Remember, in the boiler world, high pressure

is considered everything above 15 psig. Every boiler should have a placard from the National Board of Boiler and

Pressure Vessel Inspectors (National Board) that identi�es its maximum allowable working pressure (MAWP). Make

sure what you buy matches what you had in place and that it is compatible with the other boilers at the site. You will

also need to match safety relief valve capabilities.

If you buy the wrong pressure capability equipment, especially if your mistake is on the low side, you’re in real trouble.

You may have to sell the boiler back for pennies on the dollar and get a new one fabricated. It could be really ugly.

b.     The Flue Gas Venting Systems Are Not Compatible with Each Other (Old to New) — If the rest of the boilers are

natural draft or the old one was and now you have a pressurized �ue system, it may not be compatible. Likewise, if the

new system is a different class of �ue (see NFPA 54 for �ue vent classi�cations), you could be in real trouble now

needing to completely reconstruct the �ue or add a new one for the new boiler.

c.     The Gas Train Is Not Compatible with Required or Available Pressures — Fuel trains are constructed with the

available gas pressures in mind. This identi�es the pipe diameter sizes and allowable pressure drops through the fuel

train; however, there are limits. If you’ve increased the �ring rate, you better make sure you have enough gas pressure.

If you’ve got lots of gas pressure, then you better make sure the fuel train components selected are rated for or

protected from whatever they would see if the closest upstream regulator were to fail.

It’s gut-wrenching to be doing a startup and not be able to light off or get stable �ame only to �nd out there are fuel

train component pressure related problems. It can make for considerable delay, cost, and embarrassment.

FIGURE 8: Make sure you study the nameplates and the safety relief valves of any existing boilers that will be part of the system

to ensure compatability.

Let Me Leave You with These Thoughts
No one likes unwelcome surprises. I’m trying really hard here to protect you from these kinds of surprises. These can be

very painful and life-changing. I hope, through the course of this article, I’ve helped you to avoid at least one unwelcome

surprise somewhere. I realize that a thorough review of all of the issues identi�ed above brings sunlight onto a lot of

possibly previously obscured issues, but when it comes to boilers and boiler safety, ignorance is not bliss. Take the time

to do the proper amount of upfront due diligence, as it’ll make your new boiler journey much more pleasant.

John R. Puskar, P.E. 
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FA MRI Room Detection
– Designing Aspirating

Smoke Detection
Safety isn’t an option; it’s a requirement. The right consultants can help engineers not

only be aware of their obligations but meet them.
 

By Eric Roeder, P.E., PSP

Most facilities have some number of critical and sensitive pieces of equipment. Server rooms, battery storage rooms,

laboratories, stages, or other complex areas require a thoughtful approach to �re protection. The use of aspirating

smoke detection can be a lifesaver under certain conditions. A prime example is magnetic resonance imaging (MRI),

which is typically found in hospitals and other health care occupancies. MRI uses strong magnets to image the human

body. The rooms housing the scanners are usually magnetically shielded, and the presence of magnetic materials is

prohibited.

This article is intended to explain aspirating smoke detection as a viable alternative to typical spot smoke detectors that

have magnetic components and cannot be used and provide some initial tips on how to represent it in an engineering

design to be issued for solicitation of bids. This approach is focused on MRI rooms as an example but is broadly

applicable wherever aspirating smoke detection is desirable.

Determining If Protection Is Required
The applicable building code is always the �rst place to look when determining what the minimum level of protection is

for each space in a facility. A building, or section of a building, is classi�ed based on its occupancy. This classi�cation

de�nes its prescriptive protection. References made in this article are to the unamended building code. Be sure to verify

whether a respective jurisdictional authority has made amendments to these requirements. Health care requirements

are a common recipient of amendments.

An MRI room is a medical use space in which occupants are incapable of self-preservation. As such, it would

conservatively be considered an ambulatory health care occupancy by National Fire Protection Association (NFPA) 101

and an Institutional Group I-2 Condition 2 occupancy by the International Building Code (IBC).

When the jurisdiction adopts NFPA 101, Chapters 20 and 21 detail the requirements for new and existing ambulatory

health care occupancies, respectively. For this exercise, let's focus on new construction but know the approach to

�nding requirements in existing buildings is the same in Chapter 21. Section 20.3.4 establishes what detection, alarm,

and communications systems are required throughout these occupancies. Section 2.3.4.2 only requires that manual

alarm initiation be used in addition to the common automatic detection required in section 9.6.2.

Where the IBC is adopted instead of NFPA 101, Chapter 4 contains special detailed requirements based on use and

occupancy. Section 407 touches on Group I-2 occupancies speci�cally. Section 407.8 largely requires corridors and

spaces open to corridors have automatic �re detection. Chapter 9 dictates �re protection systems requirements, and

section 907 focuses on �re alarm and detection systems. Section 907.2.6.2 for Group I-2 occupancies restates the

requirements of section 407.

In both codes, automatic �re detection in MRI rooms is not an explicit requirement. That said, the presence of �re alarm

or suppression systems can relax restrictions, like maximum travel distances and maximum care suite areas. Facility

stakeholders may separately require that high-value equipment, like MRI machines, be protected beyond what the code

mandates.

The design may necessitate the installation of a �re alarm or suppression system, even if the code does not.

FIGURE 1: A sample arrangement of aspirating smoke detection in an MRI room.
 Image courtesy of HGA

Smoke Detection for MRI Rooms
Fire detection and suppression buys the critical time needed to investigate an alarm and initiate an appropriate

response to prevent injury, property damage, or business disruption. If the design of the space calls for smoke detection,

either as a means of monitoring for �re to notify occupants or to activate a �re suppression system, standard spot-type

detectors generally cannot be used because of the magnetic components used in their construction. Manufacturers can

be consulted to request information on non-ferromagnetic alternatives, but the most common alternative is aspirating

smoke detection.

An aspirating single detector is connected to a system of sampling pipes. It pulls air from the protected area through the

pipes to the detector for analysis. The smoke detector then sends an alarm signal, just as any other detector would. The

main difference is that aspirating smoke detection can identify smoke particulate at a lower concentration than most

other methods, allowing for earlier noti�cation or response. While more expensive than many other forms of �re

detection on a per-unit basis, these systems do offer advantages.

The bene�ts of aspirating smoke detection are uniquely bene�cial in MRI rooms. The smoke detector itself can be

located outside the space it monitors. By specifying polyvinyl chloride (PVC) or copper sampling pipes, the design

excludes magnetic �re detection components in the space.

Wall-mounted smoke detectors outside the MRI room can be in a corridor, equipment room, control room, or in any

other available space. A keynote on the design documents in the rooms to be monitored should indicate they are

“monitored by aspirating smoke detection.”

In addition to standard language about the component, the speci�cations provided should clearly state that

nonmagnetic sampling pipes are to be used. To avoid compromising the integrity of the MRI room shielding, all

penetrations must pass through a wave guide. They should also dictate that exhausted air should be returned to the

MRI scanner room. While there may be circumstances where this is not necessary, it’s a valuable habit to adopt. Air�ow

faults in rooms monitoring pressure can and should be avoided in this way.

With these elements, the installation contractor providing the system should have enough data to further develop the

design and coordinate system mounting, sample pipe routing, and sampling port locations.

Additional Considerations
Aspirating smoke detection can provide area smoke detection but can also be used to consolidate other functions into a

single component. If mechanical system vents in/around the MRI room are monitored by �re detection, they can utilize

the same smoke detector. If requested by the client, sampling ports can be installed inside the MRI scanner to monitor

the equipment wiring and cabinets. If gas detection is needed in the space, most manufacturers produce additional

components that allow the aspirating smoke detector to identify the presence of selected gases in addition to smoke

particulates.

It’s worth keeping in mind that a single aspirating smoke detector can protect multiple rooms. Because of this, when

possible, it would be worthwhile to locate these spaces adjacent to one another. This would maximize the ef�ciency of

the device, but the costs of these detectors are not high enough to signi�cantly in�uence the �ow of operations within

the health care facility when compared to other factors.

Available Products
Aspirating smoke detection provides a signi�cantly different approach when compared to other �re detection options.

It has established a niche signi�cant enough to encourage many systems manufacturers to produce their own product.

While the VESDA system produced by Xtralis is the Kleenex of the market, enjoying near synonymous name

recognition, engineers will �nd that proprietary detectors are typically available for all �re alarm systems, regardless of

the control panel manufacturer.

But, the existence of multiple manufacturers does not imply they are all equal. The market for aspirating smoke

detection is just coming out of its infancy. Because of this, the products available are rapidly evolving. System

component costs, sizes, reliability, functionality, and availability are changing quickly to the degree that exploring

options on every project is good practice. At any moment, a single manufacturer’s product may have leapt past the

competition in one or more ways that make it the objectively best option. At other times, the playing �eld may have been

leveled, and, with all manufacturers at relative parity, it may be best to adopt the model that best integrates with the

rest of the �re alarm system.

While it’s unlikely that any one of the options available on the market is incapable of meeting individual performance

criteria, it's worth considering a nonproprietary designer who is not associated with any speci�c manufacturer. Their

independence can help engineers evaluate the pros and cons of all the choices available. They will help to ensure the

�nal system provides the functionality needed with the least complexity for facilities maintenance and operations

teams. When working in health care, the costs of disruption can be signi�cantly higher than elsewhere, but it is worth

considering in any facility.

Conclusion
Fire protection, as a practice, has grown immensely from simple coordination of sprinklers and smoke detectors. As new

hazards and environments have been identi�ed, so, too, has the industry of �re alarm system manufacturers risen to

these new challenges. Aspirating smoke detection is a critical piece of technology in MRI rooms and other unique

circumstances. During design, it’s important to consult with a subject matter expert, like a �re protection manufacturer,

installer, or licensed �re protection engineer, to understand the options available.

Safety isn’t an option; it’s a requirement. The right consultants can help engineers not only be aware of their obligations

but meet them.

Eric Roeder, P.E., PSP
Eric Roeder directs life safety and �re protection services across HGA’s national of�ces and market
sectors. With 10 years of experience specializing in �re, life safety, and security systems for new and
existing buildings and campuses in multiple markets, Roeder brings together diverse teams to work
collaboratively. He has worked with jurisdictions to assess performance-based design approaches
and address code permitting and approval processes.

Lead photo courtesy of HGA. ©Halkin/Mason Architectural Photography LLC
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FEATURE

The Closed-Loop
Advantage

Given the growing sensitivity to water conservation, and the ever-increasing cost to
maintain mechanical systems, closed-loop technology is quickly gaining traction

nationwide.

By Adam Radford

FIGURE 1: A closed-circuit cooler.
 Photos courtesy of

It’s a common question during the early design phase of large mechanical systems: Is open- or closed-loop cooling

equipment better suited for this project?

When it comes to modern heat-rejection technology, both open- and closed-loop cooling equipment provide a distinct

set of advantages for engineers, installers, and building owners. The speci�c cooling needs of the application, along with

the physical parameters of the installation site, budgetary considerations, and environmental goals, should ultimately

determine the type of system that’s best-suited and speci�ed.

With very real concerns about the higher water consumption of open-loop systems, closed-loop cooling technology is

gaining broader appeal every year. When properly designed for commercial or industrial process cooling loads, both

system types can offer unparalleled energy ef�ciency, reliability, and longevity.

Determining which system is best-suited to a certain application is a task left for specifying engineers and others who

are intimately familiar with the needs of the property.

Whether open- or closed-loop heat rejection equipment is speci�ed, engineers should strongly consider selecting

equipment that is Cooling Technology Institute (CTI)-certi�ed.

Open-Loop Equipment
The most prevalent type of large-scale heat rejection equipment in use today is the open-loop cooling tower. These

systems are known for their expansive range in available capacities and con�gurations, reasonable �rst-costs, and

energy ef�ciency. However, there are several trade-offs when compared to closed-circuit alternatives. Among the

largest compromises with open-loop technology are water consumption and the level of maintenance and water

treatment required.

With open-loop equipment, process �uid enters the top of the cooling tower and �ows over the �ll (or heat transfer

media). At this point, the process water is open to outdoor air and any contaminants present in the atmosphere. Falling

from the �ll, water collects in a basin before returning to the facility’s cooling loop.

Due to airborne pollutants, incoming contaminants from the makeup water supply, and the presence of absorbed

oxygen, proper maintenance of all equipment in the loop is critical. This also heightens the importance of water/�uid

�ltration and treatment. If the process water in the basin of the open tower is not properly treated, �ltrated, and

maintained, the energy ef�ciency of the system will be reduced over time due to scaled and/or fouled heat exchangers

and chiller tubes.

FIGURE 2: An open-loop tower.  

Open loop cooling tower with heat exchanger
There are a variety of applications where an open-loop cooling tower is the best option for heat rejection. Facilities that

are not facing the need to minimize water consumption may bene�t from this system type, as would a property needing

to maximize the amount of heat-rejection capacity in a limited mechanical footprint. However, a closed cooling circuit is

still highly recommended for the �uid’s process heating and/or cooling loop(s).

In these situations, isolating the cooling tower from the process loop through the use of a heat exchanger may provide

an ideal solution. In this way, the bene�ts of a cooling tower can be provided without requiring the maintenance an open

cooling loop requires. Isolating the system from the cooling tower through the use of a heat exchanger also eliminates

concern for where the heat rejection equipment is installed in respect to the cooling loop.

Plate-and-frame heat exchangers are most frequently used for this type of design. When a heat exchanger is installed,

the cooling tower must be sized properly to accommodate the temperature difference between the cooling tower water

entering the heat exchanger and the process water that exists within the heat exchanger.

Isolating the cooling tower with a heat exchanger will substantially reduce the need to maintain downstream

components. However, this also means the heat exchanger will require routine maintenance. To ensure both the thermal

performance and pressure drop across the heat exchanger meet design requirements, heat exchangers should be

certi�ed per Air-Conditioning, Heating, and Refrigeration Institute (AHRI) Standard 400.

FIGURE 3: An adiabatic cooler.  

Closed-Loop Technology
Evapco, and many other cooling tower manufacturers, offers a wide range of closed-circuit coolers or, “�uid coolers,” to

provide a heat-rejection alternative for engineers or end users who want (or need) to reduce water consumption and

equipment maintenance.

Some cooling applications require a closed-loop system for peak ef�ciency and long-term operation. These types of

systems generally include the use of small heat exchangers in terminal units or other connected equipment, making

maintenance complicated if at all possible.

For example, buildings with water-source heat pump loops — widely used for of�ce, hotel, high-rise residential, and

health care facilities — are among the largest markets for �uid coolers. Using an open cooling loop could pose the

signi�cant risk of fouling hundreds of heat exchangers in a condominium or similar facility. Closed-circuit systems are

also prevalent among data centers, battery plants, grow room facilities, high-ef�ciency chiller applications, and multiple

different types of industrial process loops.

Water loss through evaporation is either reduced or eliminated, depending on the type of closed-loop cooling

equipment selected.

FIGURE 4: A dry cooler.  

The same is true for water treatment chemicals and/or systems; closed-loop technology can help dramatically reduce or

even eliminate the need for chemical treatment of system �uids.

While open-loop cooling towers reject heat in a smaller footprint than closed-loop �uid coolers (due to the process �uid

being cooled via direct latent heat transfer), closed-loop systems bene�t from sustained thermal performance of the

entire system. Higher whole-system ef�ciency over time is achieved because heat transfer surfaces experience less

fouling. Closed-loop systems also typically require less pumping horsepower than open-loop systems of similar

capacity.

With a closed-loop system, there are signi�cant installation savings attributed to the reduced pumping horsepower (hp)

required, the elimination of an intermediate plate-and-frame heat exchanger, and the removal of expensive valves and

additional pipework. This is coupled with the lifetime operational savings, including reduced water treatment/chemicals,

water consumption, and maintenance.

Comparing just an open tower to a closed-circuit cooler in terms of price does not tell the whole story when considering

the upfront additional installation costs and operational costs of an open-loop system.

Because the clean system �uid provided by a closed-loop design reduces maintenance and wear to all connected

components, the equipment’s life cycle is lengthened. Reducing maintenance also results in less downtime, which is

particularly important for data centers and critical process cooling applications.

Compared to open-loop cooling towers, �uid coolers provide more �exibility in terms of where heat rejection

equipment is installed. Closed-loop systems also do not require hydraulic balancing or equalization. Because of this,

�uid coolers can be installed at or below the level of the connected system piping. Conversely, installing a cooling tower

below grade or the pump could result in the tower �ooding when the unit shuts down.

Closed-loop equipment also provides an advantage for cooling systems operating in subfreezing outdoor temperatures.

Some types of closed-loop equipment may still require freeze protection of some sort, but all open-loop cooling towers

must be equipped with basin heaters, a drain-back design, or a recirculation system for idle periods in freezing

conditions.

Closed-circuit coolers can also provide completely dry sensible heat rejection when outside ambient conditions are

favorable. This dry capacity is an added bene�t that can greatly reduce the overall water consumption on a project.

Fluid coolers can be sized for full design or partial load based on a dry bulb switchover temperature. This means the

recirculating spray pump can be de-energized when the heat load can be fully satis�ed by just the �uid cooler fans.

While this operational mode greatly reduces water consumption, energy is also saved since the recirculating pump is

off.

The following are four primary types of closed-loop heat rejection equipment:

Evaporative closed-circuit coolers;

Eco/hybrid closed circuit coolers;

Adiabatic coolers; and

Dry coolers.

The cooling load of the system, available equipment space, sensitivity to water consumption, maintenance

requirements, and project budget should determine which option is best for the speci�c application.

FIGURE 5: An open-loop with a heat exchanger.  

Evaporative Closed-Circuit Coolers
Evaporative closed-circuit coolers eliminate the need for a heat exchanger between the process loop and the heat-

rejection equipment. Unlike a cooling tower, where process water is used as the energy transfer medium and is open to

the atmosphere, the coil inside a closed-circuit cooler isolates the process �uid.

In a closed-circuit cooler, process �uid is circulated through coils within the unit. A water distribution system cascades

water over the tubes of the coil, extracting heat from the process loop via evaporation. Air is drawn or forced across the

coils, agitating the falling water and increasing the transfer of heat. A small amount of this water evaporates due to

latent heat transfer through the tube and �n walls of the coil, removing heat from the system. The cooled process �uid

returns to the building via the bottom coil connection. Cascaded water drains to a basin and is recirculated back over

the coil.

These coolers provide energy-ef�cient operation in a reduced footprint compared to dry coolers due to evaporation

being used as the primary method of cooling. Because blowdown of the basin water is reduced on closed-loop systems,

water conservation is also improved when compared to open-loop systems. Because evaporative coolers can

oftentimes run dry when ambient conditions are favorable during reduced load conditions, water consumption is

eliminated entirely during these periods of operation.

Evapco manufactures both induced and forced-draft evaporative closed circuit coolers for a wide range of applications.

Units are available with cooling capacities from 6-1,670 ton.

Hybrid Coolers
Hybrid coolers combine dry and evaporative cooling to maximize energy ef�ciency while simultaneously reducing water

consumption.

These units provide heat rejection in dry mode until the load exceeds dry rejection capacity. At this switch-over point,

the unit enters evaporative mode to increase cooling capacity. Operating in wet mode only when needed can

dramatically reduce annual water consumption, sewer expense, and eliminate plume while in dry mode.

We offer two unique hybrid cooling solutions: A dry cooler with wet trim and an evaporative cooler that runs both wet

and dry.

Dry coolers with wet trim are ideal where water savings is the top priority. In these systems, the dry cooling coil is

placed in series with the evaporative cooling coil and plays an integral role as part of the cooling system, rather than

simply having an on/off role.

Alternatively, wet coolers with dry trim are capable of running in wet and dry modes simultaneously by having separate

spray sections above the coils. The coils can utilize either evaporative or dry cooling, rather than both at once, which

also helps to minimize water consumption. Depending on capacity needs, the unit is capable of running either entirely in

dry mode, partially in wet mode, or completely in wet-mode.

Compared to wholly evaporative cooling units, both systems provide a signi�cant reduction in water consumption.

Space savings is also a bene�t to hybrid coolers when compared to adiabatic and dry cooling equipment.

Hybrid coolers are frequently used in applications, such as data centers, battery plants, or any critical chilled water

applications, where minimizing both water and energy are of utmost importance.

Dry Coolers
Dry coolers are best speci�ed where water conservation and reduced maintenance are the key considerations. Since dry

coolers do not utilize any water or evaporative cooling whatsoever, dry coolers eliminate water treatment, plume, and

Legionella bacteria concerns. However, dry coolers will typically use more energy and require a larger footprint than

evaporative or hybrid �uid coolers of the same capacity.

In a dry cooler, heat from the process loop �uid dissipates through the coil tube surface and out to the �ns — not

through evaporation. Ambient air is drawn in over the coil surface by a fan located at the top of the unit. Heat from the

process �uid transfers to the air via sensible cooling and discharges to the atmosphere.

Evapco's dry coolers ship as a single piece and are ready to install. The thermal performance of these units is 100%

CTI-rated.

Adiabatic Coolers
Adiabatic coolers function similarly to dry cooling systems but with the addition of pre-cooling pads. Water runs over

porous media while air is drawn through the pads, lowering the dry bulb temperature of the incoming air. The in�uence

of reduced dry bulb temperatures at the coil provides greater heat rejection.

As a result, adiabatic systems are most effective in hot, dry environments and use up to 80% less water than traditional

evaporative units. Adiabatic units also deliver the required cooling capacity in a smaller footprint and/or lower fan

motor horsepower than a completely dry cooler.

Similar to hybrid units, Evapco’s eco-Air coolers can operate in dry, adiabatic, or partial adiabatic modes, in which only a

portion of the adiabatic spray pumps are energized. The thermal performance of these units is also fully rated with

truthfully rated pad saturation ef�ciencies.

Evapco has tested the saturation ef�ciency of the adiabatic pads and published a technical paper that discusses the

truth about adiabatic pad saturation ef�ciency. It is critical that specifying engineers understand that fully rated dry

coolers and fully tested pad ef�ciencies will impact the sizing of units. Inadequately sized equipment will result in

greatly increased water usage and energy consumption compared to a fully rated unit.

When determining the type of heat rejection equipment that should be used on a given project, the speci�c needs of the

facility should dictate whether a closed- or open-loop design should be installed. Given the growing sensitivity to water

conservation, and the ever-increasing cost to maintain mechanical systems, closed-loop technology is quickly gaining

traction nationwide.

Adam Radford, Global Product Manager, Closed-Circuit Coolers, Evapco
Adam Radford is a graduate of the University of Pittsburgh and holds a bachelor’s of science degree
in mechanical engineering. He has worked in HVAC sales and marketing for the past 14 years.
Radford is also active within ASHRAE on a national level and currently serves as a voting member on
Technical Committee 8.6 (Cooling Towers & Condensers). His recent contributions include an
updated section on hybrid and adiabatic �uid coolers in the 2020 HVAC Systems & Equipment
Handbook.
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Products In Focus

Send new product releases to
newproducts@esmagazine.com

SCROLL

The 2022 AHR Expo will be held Jan. 31 to Feb. 2 in Las Vegas. The following products are a few of the many new

innovations that will be featured on the event’s trade show �oor. Come visit Engineered Systems in booth C3015.

Turbocor VTCA400 Compressor – Danfoss
Danfoss’s Turbocor® VTCA400 Compressor is an oil-free, variable-speed, magnetic bearing centrifugal compressor

that utilizes a hybrid compression design that is optimized for use with low-GWP refrigerant R-1233zd in water-cooled

chiller applications. The patent pending design uses a combination mixed �ow and radial impellers, enabling both high

performance and a compact footprint. As a result, the VTCA400 reduces footprint and weight by up to 50% compared

to traditional designs, giving users the advantage of a more compact chiller design and more mechanical room space —

as well as lower chiller costs. 
 The compact design of the VTCA400 offers signi�cant bene�ts to chiller manufacturers, including reduced costs, higher

ef�ciency, lower product carbon footprint, improved serviceability, and redundancy. Manufacturers have the ability to

place multiple compressors on the chiller, which provides higher part-load ef�ciency and more redundancy compared to

single compressor con�gurations.
 

Danfoss 
 www.danfoss.com  

 

MagnaClean CMX Side-Stream Filters – Adey
The MagnaClean CMX range of 316L stainless steel side-stream �lters delivers adaptive �ltration for removing

damaging magnetic and nonmagnetic debris from small to large commercial and industrial hydronic heating, chilled, and

steam systems.

Each model provides four-in-one �ltration capabilities through a combination of powerful magnets, �lter cartridges, and

needlefelt bag �lters and acting as a chemical feed/dosing pot.
 

Adey 
 www.adey.com   

COOL-FIT PE Plus Pre-Insulated Polyethylene Piping System – GF
Piping System
The new COOL-FIT® PE Plus pre-insulated polyethylene piping system from GF Piping Systems builds on the

performance of its predecessor by providing signi�cantly reduced maintenance and operational costs and faster

installation time. The system is not only ideal for food and beverage production, such as dairies, fruit and vegetable

processors, slaughterhouses, breweries, and wineries but also pharmaceutical production, refrigerated storage

facilities, and data centers.

COOL-FIT PE Plus includes a complete range of pre-insulated pipes, �ttings, and valves that ef�ciently convey brine,

glycol, ethanol, and chilled water in temperatures from minus 58°-140°F (minus 50°60°C). All surfaces are sealed,

vapor tight, and 100% UV-resistant. The system is 100% maintenance-free and will not corrode over time. These

characteristics reduce expensive operation interruptions and maintenance.
 

GF Piping System 
 www.gfps.com  

 

Hurst FireMaster Integrated Monitoring Systems – Hurst Boiler
Hurst Boiler’s FireMaster is a fully automated monitoring and control system integrated throughout the entire package

boiler system from its makeup water consumption to steam-�ow and back as condensate return.

This control family is designed and tested by Hurst to optimize the �ring and operations of the Hurst Performance

Series Boilers. With more than 1,000 data scans a second, the communication and processing power of a Firemaster

micro-programmable controller (PLC) is unmatched by conventional stand-alone systems. In combination with the

micro PLC is the addition of a touchscreen human machine interface (HMI). Together, these two form the core of this

integrated boiler control system.

Hurst Boiler 
 www.hurstboiler.com/boilers/�remaster 

 

Radiant Auto-Balancing System – Viega
Viega LLC’s new Radiant Auto-Balancing System (RABS) delivers an unprecedented level of control and consistency in

radiant heating systems.

RABS gives users the ability to independently control each zone in a radiant heating system. Balancing valves are not

required, and installers can commission as many as eight thermostats and 12 circuits per control unit. RABS achieves

the desired temperature in each zone by analyzing the supply water temperature, each circuit’s return temperature, and

zone air temperatures where a wireless thermostat is used. The system offers four operation methods that complement

each other.

A web-based, app-enabled control lets users to manage the system from anywhere in the world. It allows remote

control of power levels, thermostats and operation software. A local device can access the web app or it can be

accessed remotely via the internet.
 

Viega 
 www.viega.us  

 

Model L Packaged Rooftop Line – Lennox Intl.
Lennox Intl. introduced the Model L packaged rooftop line. The light commercial HVAC system features an all-new

rooftop controller, the Lennox CORE Control System and Service App, which was a �nalist in the 2021 AHR Expo

Innovation Awards.

The Model L packaged rooftop line boasts ef�ciency ratings among the highest in the industry with leadership models in

SEER, IEER, and EER. Featuring both gas-electric and electric-electric units, the Model L is available from 3 to 25 tons

of nominal cooling capacity.

Model L rooftop units were designed to deliver the lowest total cost of ownership through variable speed components

and intelligent operation.
 

Lennox Intl. 
 www.lennoxcommercial.com/l 

 

Acadia Series Washable Energy Recovery Plates – Airxchange
The Acadia Series washable energy recovery plates from Airxchange are now available to deliver total performance and

HVAC system ef�ciency. Acadia’s polymer plate design aligns with Airxchange’s proprietary polymer energy recovery

wheel design to offer engineers, building owners, and original equipment manufacturers a comprehensive choice of

washable residential, commercial, and industrial air-to-air energy recovery components.

The Acadia Series is available in a range of sizes, from 50-4,000 cfm, has a high-structured plate strength with up to 5

inches of pressure differential, includes an antibacterial coating, and is easy to clean.
 

Airxchange 
 www.airxchange.com 

 

Element Hot Water Wellness Solution – Lync, a Watts Brand
Lync, a Watts brand, introduces Element, a hot water wellness solution. Element brings the functionality of a full

domestic hot water system in addition to multi-barrier pathogen protection and remote monitoring, into one compact

appliance. Element provides consulting engineers, facility managers, mechanical contractors, building owners, and

architects with a complete, engineered single-sourced solution that provides reliable hot water more ef�ciently and

effectively mitigate waterborne pathogens.

Element has been fully certi�ed by the International Plumbing Code (IPC), International Building Code (IBC), the

American Society of Safety Engineers (ASSE), and the International Association of Plumbing & Mechanical Of�cials

(IAPMO) Uniform Plumbing Code (UPC) as well as earned the IAPMO Platinum Seal.  
 

Watts 
 www.lyncbywatts.com  
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Tomorrow's Environment

'Auld Lang Syne' –
Long, Long Ago  

In the HVAC industry, lots of words, expressions, equipment,
and systems have bid farewell.

By Howard McKew, P.E., FASHRAE

SCROLL

How many of you sang "Auld Lang Syne," the Scottish poem based on Robert Burns', the national Poet of Scotland,

ballad this New Year’s Eve as we entered into 2022? The title, translated literally into English, is "Old Long Since." The

words can be interpreted as a farewell or ending to occasions of the past.

In the HVAC industry, see if you know all of these words, expressions, equipment, and systems that have heard their

Auld Land Syne sung:

Words and Expressions
No. 6, 5, and 4 fuel oil: Used frequently to serve steam boiler plants in hospitals, industries, and schools up to the

mid-1970s, before the energy crisis and fuel shortage hit America.

Steam tank heater: Used to heat No. 6 fuel oil (Bunker C heavy fossil fuel) to maintain fuel oil at 104°-122°F within

the fuel oil tank.

Electro-pneumatic (EP) and pressure-electric switches: EP and PE switches were standard controller devices in

pneumatic air control systems before electrical controls systems took hold in the 1970s and 80s, the predecessor

to today’s building automation systems (BASs).

Silicon controlled recti�er (SCR): A solid state switching device designed to provide in�nitely variable proportional

control of electric power, often used as the next generation of electrical controls in the late 20th century.

Equivalence of direct radiation (EDR): A standardized comparison method for estimating the output of a radiator

or convector (which were cast-iron construction at one point of time).

Image courtesy of Unsplash

Equipment  
Medium- to high-pressure induction units: Often found in high-rise of�ce buildings, a supply air velocity ducted

directly into the perimeter induction unit would provide primary air along with induced return air for HVAC

equipment in lieu of the perimeter unit having an electrical fan to provide the combination outside and return air.

Single-fan, double-duct central air-handling units: These units delivered supply discharge air through two parallel

coils within the unit. One coil was hot air to a hot air supply duct main and the second coil was a cold air supply air

duct main. These parallel duct mains served multiple double-duct terminal units.

Multi-zone central air-handling units: Similar to single-fan, double-duct central air-handling units, these types of

units will have multiple hot and cold air discharge but with each zone having its own hot and cold air connection

into a common supply air duct with a thermostatically controlled mixing damper at the central air-handling unit

discharge, blending supply air to the associated space served by a multi-zone duct.

Three-pipe heating-cooling terminal units: A perimeter fan coil unit with a hot water supply pipe to a heating coil

and a chilled water supply pipe to a cooling coil. The water returns, one from each coil, connected to a common

return water pipe main.

Steam and hot water convectors: Once abandoned from the contract speci�cation pages of a construction project,

these terminal units have made a stylish, architectural return to the building industry often installed in residential

homes and locations where multiple feet of baseboard will not �t on the wall.

Systems
Steam heating systems: What would have been previously engineered as a low pressure steam (LPS) system, hot

water systems have displaced the majority of LPS systems both to perimeter baseboard radiation, unit heaters, etc.

as well as central air-handling units that had steam heating coils within their central air-handling units and their

associated supply air ductwork distribution to terminal heating and/or reheat coils.

Overhead unit heaters at loading docks system: What would have been previously engineered to have down-blast,

fan-powered unit heaters with high heat output are often displaced with gas-�red radiant heat terminals that heat

the objects, e.g., occupants/workers rather than heating the entire loading dock space.

Variable refrigerant �ow (VRF) cooling systems: A direct expansion (DX) single- and multiple-stage cooling unit

VRF �ow system designed to vary the cooling through terminal fan coil units. VRF systems also offer heat pump

HVAC applications, too.

And, so, the choirs chime in with the �rst verse of "Auld Lang Syne" in honor of these fallen technologies!

Howard McKew, P.E., FASHRAE
Reach Howard McKew at hmckew@bss-consultant.com or at www.buildingsmartsoftware.com

Use this handy shortcut to see years of Howard’s opinions and tips in this column and other
articles.
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Sourcebook Premium Sponsorships

Belimo Americas
33 Turner Rd.

Danbury, CT 06810

(800) 543-9038

marketing@us.belimo.com

https://www.belimo.us

BACK

CLICK HERE

**To see all product photos, downloads, and more!**

Belimo is a global HVAC market leader in the development, production, and marketing of �eld device solutions for

controlling heating, ventilation, and air conditioning systems. Actuators, control valves, and sensors make up the

company's core business.

**Product Categories**

Building Automation Systems (BAS), Actuators

Building Automation Systems (BAS), Sensors/Transmitters/Transducers

Meters, Flow, Water

Valves, 2, 3 & 4 Way

Valves, Balancing

Valves, Ball

Valves, Butter�y, Flanged, Brass or Bronze

Valves, Butter�y, Flanged, Iron

Valves, Butter�y, Flanged, Steel

Valves, Butter�y, Grooved Ends

Valves, Butter�y, Lug

Valves, Flow Control

Valves, Globe, Brass & Bronze

Valves, Globe, Iron Body

Valves, Mixing, Hot & Cold Water

Valves, Mixing, Steam & Water

Valves, Valve Operators

Valves, Zone Control
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KMC Controls
19476 Industrial Dr.

New Paris, IN 46553

(574) 831-5250

info@kmccontrols.com

https://www.kmccontrols.com

CLICK HERE

**To see all product photos, downloads, and more!**

BACK

KMC Controls® is an independent American manufacturer known for its customer focus and engineering genius. Their

product solutions for controlling HVAC systems increase operating ef�ciency, optimize energy usage, and improve IAQ.

BACnet digital controls, analog controls, pneumatic controls, sensors, meters, actuators, valves, and software make up

the company’s core business.

**Product Categories**

Building Automation Systems (BAS), Actuators

Building Automation Systems (BAS), Analog Controllers

Building Automation Systems (BAS), Building Automation Systems

Building Automation Systems (BAS), Digital Controllers

Building Automation Systems (BAS), Drivers

Building Automation Systems (BAS), Ethernet

Building Automation Systems (BAS), Network Diagnostic Equipment

Building Automation Systems (BAS), Pneumatic Controls, for HVAC Systems

Building Automation Systems (BAS), Pneumatic Controls, for Refrigeration Systems

Building Automation Systems (BAS), Routers

Building Automation Systems (BAS), Sensors/Transmitters/Transducers

Building Automation Systems (BAS), Software

Building Automation Systems (BAS), Thermostats

Building Automation Systems (BAS), Workstations

Building Automation Systems (BAS), Zone Controls

Energy Management Systems

Indoor Air Quality (IAQ), Air Cleaning System

Indoor Air Quality (IAQ), Duct Decontamination, Microbiological

Meters, Air Velocity

Meters, Volume, Air & Gas

Sensors, Electrical

Sensors, Leak

Sensors, Moisture

Sensors, Smoke

Software, Calculating Energy Consumption

Software, Data Acquisition

Software, HVAC/R

Software, Indoor Air Quality

Software, System Control & OptimizationValves, 2, 3 & 4 Way

Valves, Automatic Control

Valves, Automatic Shutoff with Manual Reset

Valves, Bypass

Valves, Digital

Variable Air Volume (VAV), Units, Variable Air Volume Control, for Air Conditioning
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Sourcebook Premium Sponsorships

LG Electronics USA Inc.
4300 N. Point Pkwy., Ste. 200

Alpharetta, GA 30022

https://www.lghvac.com

BACK

CLICK HERE

**To see all product photos, downloads, and more!**

LG Air Conditioning Technologies is a leading manufacturer in the global air conditioning market with innovative

commercial and residential air conditioners and building management solutions. With a robust lineup of ducted and

duct-free products, LG enables customers to develop the solution that’s perfectly suited for their project.

**Product Categories**

Air Conditioners, AHUs

Air Conditioners, Duct split

Air Conditioners, Ductless split

Air Conditioners, Heat Pump

Air Conditioners, Portable

Boilers, Waste Heat Recovery

Building Automation Systems (BAS), Building Automation Systems

Building Automation Systems (BAS), Cooling

Building Automation Systems (BAS), Heating

Building Automation Systems (BAS), Software

Building Automation Systems (BAS), Thermostats

Building Automation Systems (BAS), Zone Controls

Ductwork & Related, Anti-Corrosive Duct Coatings
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Sourcebook Premium Sponsorships

Thermo-Cycler Industries Inc.
111 Hamilton St. P.O. Box 22

Union Mills, IN 46382

(219) 767-2990

sales@thermocycler.com

https://www.thermocycler.com

BACK

CLICK HERE

**To see all product photos, downloads, and more!**

Since 1984, Thermo-Cycler Industries has specialized in  energy ef�cient air turnover heating and ventilation systems

for industrial buildings and warehouses.  Equipment selections available in gas �red, oil �red, hot water, and steam from

200 Mbh to 2000 Mbh.

**Product Categories**

Heat Recovery Units

Heat Recovery Units, Air to Air, Rotary

Heat Recovery Units, Ventilators

Heaters, Indirect-Fired

Package Equipment Units, Makeup Air, Heating & Ventilating, Direct Fired

Package Equipment Units, Makeup Air, Heating & Ventilating, Indirect Fired

Ventilation/ Ventilators, Energy Recovery Ventilators

Ventilation/ Ventilators, Heat Recovery

Ventilation/ Ventilators, Unit, Mixing, Outdoor Air with Room Air
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