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Editor's Note

By Herb Woerpel

The Wonderful

Women of HVAC
The women selected this year were chosen from a pool of more than 75

deserving applicants — each boasting unique strengths worthy of this list and
many other honors.

SCROLL

While most people lay awake in bed, it’s due to bumps in the night, personal anxiety, or the fear of the boogeyman. For

Kimberly Llewellyn, the boogeyman was never her concern. No, her kryptonite was the amount of energy being wasted

in the built environment.

“As a young adult, I literally couldn't sleep at night for worrying about unbridled resource consumption and waste

generation,” said Llewellyn, who now serves as a senior product manager with Mitsubishi Electric Trane HVAC US. “This

constant anxiety motivated me to go back to school for environmental engineering. I �nd contributing to the

development of solutions that are equitable, practical and result in healthy, ef�cient buildings to be very satisfying.”

Kelly Bieghler, managing partner, KBSO Consulting, is a huge proponent of welcoming young women into the

engineering profession. Last year, she and her business partner, Seun Odukomaiya, presented two full-ride STEM

scholarships to students of one of the �rm’s K-12 education clients. The scholarships were presented to a person of

color and a female, just like KBSO’s managing partners. The recipients both started as freshmen last fall.

“Girls need to be exposed to the variety of career opportunities under the engineering umbrella,” she said. “Today, more

than ever, the world has complex problems to solve if it’s to survive. We need the very best thinkers offering different

perspectives and skill sets.”

Barbara McCrary, P.E., LEED AP BD+C, started working for her dad’s (Tom Hattemer, P.E.) �rm, HHB Engineers P.C.,

nearly 16 years ago. A few years back, he decided to decrease his role, appointing Barbara the president of the �rm.

After identifying her dad as her boss for so many years, she was suddenly in charge – a dynamic she deemed fun and

challenging.

“My dad’s been critical to my success in mentoring me not just in good engineering design but in all aspects of owning

and running the business, dealing with dif�cult people, and training and encouraging others,” McCrary said. “He’s the

best engineer I know, and I hope, one day, I can garner as much respect as he has throughout our design and

construction community.”  

Photo courtesy of Unsplash.

20 to Watch: Women in HVAC
While I enjoy facilitating every issue of Engineered Systems magazine, the 20 to Watch: Women in HVAC issue is my

absolute favorite.

The women selected this year were chosen from a pool of more than 75 deserving applicants — each boasting unique

strengths worthy of this list and many other honors. Choosing 20 was not an easy task and not something our staff

took lightly. After hours of deliberation, we selected a variety of candidates representing those who have been in the

industry for decades and others with just a few years of experience.

Of those selected, 10 were between the ages of 20 and 39, and eight are 40 or older. Ten hold P.E. certi�cations, six

boast LEED Accredited Professional (LEED AP) certi�cations, and two are engineers in training (EIT).

I’m privileged and honored to showcase the stories of Llewellyn, Bieghler, McCrary, and the other 17 women on this list.

I hope you enjoy reading these articles as much as I enjoyed writing them.

If you happen to encounter one of these individuals on social media, please take a moment to thank them and let them

know that their efforts are appreciated.  

See the full list of the 20 to Watch: Women in HVAC Contest winners.

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

Emily Liu Appointed Head of
Department of Industrial and
Systems Engineering at Rensselaer
Polytechnic Institute

SCROLL

TROY, N.Y. — Professor Emily Liu, a condensed matter physicist and nuclear engineer, has been named head of the

Department of Industrial and Systems Engineering (ISE) at Rensselaer Polytechnic Institute, one of the oldest and most

renowned technological research universities in the nation. Dr. Liu is professor of nuclear engineering and engineering

physics and brings extensive experience leading and managing multidisciplinary research, including collaborations with

engineers, scientists, economists, and psychologists.

Industrial and systems engineering is an interdisciplinary science exploring the data analysis and design of systems that

involve nature, machines, and the human element. The ISE department at Rensselaer is home to internationally

renowned undergraduate and graduate programs, including industrial and management engineering (bachelor's of

science, master's of science, and master's of engineering), data science and engineering (bachelor's of science minor),

industrial and management engineering (master's of science and master's of engineering), and decision sciences and

engineering Systems (doctorate). The department is well known for addressing engineering problems that involve

networked, interdependent, socio-technical systems in which humans play a critical part in decision-making.

“I look forward to Dr. Liu’s vision and strong leadership to further advance the department in new and exciting

directions,” said Shekhar Garde, dean of Rensselaer’s School of Engineering. “ISE resides at the intersection of complex

interconnected systems, data, and human factors. Naturally, it will play a key role in the next technological revolution,

and Dr. Liu’s expertise in leading interdisciplinary teams across boundaries will carry the ISE department forward in the

areas of data, arti�cial intelligence (AI), and computing with applications to energy, the built and natural environment,

and smart systems as well as to human health and well-being.

McMenon Names
Scott Castlehow
Business Director

CUMBRIA, England — McMenon named Scott Castlehow its new business director to help the Workington-based �rm

achieve further growth in nuclear, renewables, defense, and other sectors. 

Castlehow brings almost 20 years of experience in a range of industries, including nine years in the nuclear and

decommissioning sector and 10 years in the aeronautical industry. 

“We are delighted Scott has joined McMenon at such an exciting time in the company’s development as we expand in the

nuclear and renewables markets,” said Anand Puthran, CEO, McMenon. “The timing is perfect to enable our plans to

become one of the main Cumbrian SME suppliers to the nuclear industry. McMenon, along with TIS Cumbria, has

formed the North West Energy Coast Alliance, to compete for, and deliver, large projects in the nuclear sector. Scott’s

invaluable experience in this sector will aid us as we look to continue our growth across all markets.”

Shurtape Technologies LLC
Names Vuk Trivanovic CEO

HICKORY, N.C. — Shurtape Technologies LLC announced Vuk Trivanovic, CEO of the company’s Industrial and

Engineered Solutions (ESG) Groups, will expand his role and responsibilities as CEO to encompass the full scope of

Shurtape’s global business, now including its Ohio-based Consumer & Craftsman (C&C) Group. Shurtape’s C&C Group

markets DIY (Do-It-Yourself), EIY (Express-It-Yourself), and Home and Of�ce products under the Duck®, T-Rex®,

FrogTape®, Painter’s Mate®, and Shurtape® brands. The leadership transition comes as John Kahl, CEO of Shurtape’s

C&C Group, announced his retirement, effective Dec. 31, 2021. Kahl and Trivanovic, who, earlier this year, joined the

board of directors of Shurtape’s parent company, STM Industries, will both continue to serve in that capacity.

Trivanovic joined the company in 2015 as COO, a role that allowed him to become familiar with all aspects of

Shurtape’s business and the various markets served by the company. In February 2020, he assumed overall leadership

of the Industrial and ESG Groups, and in that expanded role has been integral in overseeing the company’s continued

growth in those markets despite the challenges posed by the COVID-19 pandemic.

AAON Acquires BasX
Solutions

TULSA, Okla. — AAON Inc., a manufacturer of HVAC products for nonresidential buildings, completed the acquisition

of BasX LLC on Dec. 10, 2021. The company previously announced on Nov. 18, 2021, that it had entered into a

membership interest purchase agreement to acquire 100% of the equity interests of BasX LLC.

The transaction was funded through a combination of cash, borrowings under its revolving credit facility, and equity.

The terms required an upfront payment of $100 million of which almost all was funded via cash-on-hand. Additional

payments, all of which would be in the form of equity, valued at up to an additional $80 million, are subject to earn-out

milestones that extend through 2023. Finally, as a condition to closing, AAON signed a real estate purchase agreement

with BasX Properties LLC, an af�liate of BasX, to acquire the real property and improvements utilized by BasX for an

additional $22 million, with such real estate transaction subject to customary closing conditions and adjustments. The

company expects this real estate transaction to close by the end of the �rst quarter of 2022.  

BasX Solutions, headquartered in Redmond, Oregon, specializes in the design, engineering, and manufacturing of

custom, high-performance cooling solutions for the rapidly growing hyperscale data center market. BasX also designs

and manufactures custom solutions for cleanroom environments for the bio-pharmaceutical, semiconductor, medical,

and agriculture markets as well as custom, energy-ef�cient air handlers and modular solutions for a vast array of

markets.

NV5 Acquires Global Realty
Services Group

HOLLYWOOD, Fla. — NV5 Global Inc., a provider of compliance, technology, engineering, and environmental

consulting solutions, acquired Global Realty Services Group LLC (GRS), a provider of real estate due diligence and

transaction services providing property condition assessments, environmental assessments, and zoning services for

real estate portfolio transactions. GRS is a growing provider of due diligence services and serves commercial mortgage

lenders, government-sponsored enterprise agencies, insurance companies, real estate investment trusts, and loan

originators. NV5 acquired GRS in an all-cash transaction, and it will be immediately accretive to NV5’s earnings.

“The addition of GRS to our existing real estate transaction services makes us the preeminent provider in the high-

growth, high-margin real estate due diligence market,” said Dickerson Wright, P.E., chairman and CEO of NV5. “Our real

estate transaction business has generated double-digit growth in 2021, and the addition of GRS’s 154 full-time

equivalent personnel, premiere client list, and attractive end markets will help to drive additional growth in this highly

pro�table sector.”

GRS has completed more than 10,000 projects across North America and utilizes a proprietary web-based data

management system called G-NET, which facilitates resource deployment, project management, and productivity

reporting. The G-NET system allows GRS to deliver quicker response times for client needs with improved ef�ciency

and pro�tability.

National Institute of Building
Sciences Appoints Stephen T.
Ayers Interim CEO

WASHINGTON — The National Institute of Building Sciences board of directors announced the honorable Stephen T.

Ayers, FAIA, NAC, CCM, LEED AP, the 11th architect of the capitol and president of The Ayers Group LLC, has accepted

the position of interim CEO of NIBS. Ayers’ appointment follows the announced departure of CEO Lakisha A. Woods,

CAE.

“The board of directors is grateful to Stephen for stepping into this role,” said Anne Ellis, P.E., Hon.M.ACI, F.ASCE,

M.NAC, board chair. “Stephen is a proven, trusted, and highly respected industry leader who will ensure a seamless

transition and maintain the institute’s positive momentum advancing building science and technology to serve the public

interest.”

Ayers previously served as chair of the NIBS board from 2017 to 2018. He also served as chair of the Construction

Management Association of America and the Construction Users Roundtable.

On Feb. 24, 2010, President Barack Obama nominated Ayers to serve as the 11th architect of the capitol. By May of

that year, the U.S. Senate con�rmed Ayers, and the president of�cially appointed him to a 10-year term as architect of

the capitol.
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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, Tom Dowling, vice president of commercial business, METUS, introduces the industry to

Hybrid VRF and discusses the codes and standards dictating its use as well as the market and its applications.

Engineered Systems: While VRF has become a popular option for designers worldwide and in the U.S., a new option has

emerged – Hybrid VRF. What exactly is a Hybrid VRF system and how does it differ from a traditional VRF unit?

Dowling: A Hybrid VRF system is a two-pipe heat-recovery VRF system with a unique hybrid branch controller

designed to use water as the heat transfer medium in occupied spaces. Soon available from METUS, Hybrid VRF

systems only circulate refrigerant between the outdoor unit and the hybrid branch controller. The indoor units are

connected to the hybrid branch controller via water pipes, so the system can supply heating or cooling to the

conditioned space where it is needed.

Our Hybrid VRF system modulates refrigerant �ow, fan speeds, and water �ow to match loads. This operation provides

energy-ef�cient zoned comfort and simultaneous heating and cooling while requiring less refrigerant than other VRF

systems.

Engineered Systems: Can you list a couple of bene�ts and advantages Hybrid VRF offers engineers?

Dowling: The use of water piping indoors simpli�es the installation, providing more �exibility and lower costs than

copper refrigerant piping. Fewer brazed connections reduce the potential for leaks. In some jurisdictions, refrigerant

concentration in smaller spaces is an issue. With Hybrid VRF, that concern is removed because the indoor unit in the

occupied space has no refrigerant.

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, Andrew Blauvelt and Ruairi Barnwell discuss the partnership between DLR Group and Atrius,

introduce listeners to the sonrai IAQ analytics platform, and much more.

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

Strengthening the Skilled Trades with Mary Kelly
Mary Kelly, president and CEO, StrataTech, shares how her company is striving to bolster skilled trades education, how

you can help, and more.

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.

Table Of

Contents

February 2022

https://www.parkerboiler.com/
https://www.esmagazine.com/articles/101982-the-blueprint-mitsubishi-electric-trane-hvac-uss-tom-dowling
https://www.esmagazine.com/ext/resources/Podcast/percussive-maintenance-podcast/ES---Kelly-Podcast-V2.mp3?1639002441
https://www.esmagazine.com/videos?bctid=6287385673001
https://www.esmagazine.com/
https://www.facebook.com/EngineeredSystems
https://twitter.com/esmagazine
https://www.linkedin.com/company/engineered-systems-magazine/
https://www.youtube.com/user/EngineeredSystemsMag
https://unsplash.com/photos/WiONHd_zYI4?utm_source=vev-design&utm_medium=referral&utm_campaign=api-credit
https://pixabay.com/photos/media-social-media-apps-998990/
https://www.esmagazine.com/ambassadors-of-efficiency-manufacturer-reps-of-the-year


Back 2 Basics

Steam Humidi�cation Addition Project
Using Design-Build Project Delivery

SCROLL

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

Owner Team: Library building manager, facility manager, owner representative (consultant), and physician (consultant)

Project Delivery Team: D-B project manager, coordinator (mechanical-general construction), humidi�er consultant,

and humidi�er service technician

HVAC Project Team: HVAC technician (in-house staff); automatic temperature control (ATC) technician (in-house

staff); operation and maintenance technician (in-house staff); third-party commissioning consultant (CxC); third-party

testing, adjusting, and balancing (TAB) contractor; and piping foreman

Application 2019 ASHRAE Handbook: Museums, Galleries, Archives, and Libraries, Chapter 24

Systems 2020 ASHRAE Handbook: Steam Systems, Chapter 11

Equipment 2020 ASHRAE Handbook: Jacketed steam humidi�ers, Chapter 22, and gas-�red steam generator, Chapter

32

Project Type: Facility audit for IAQ, occupant health, and preservation of the books in the library with a focus on the

HVAC infrastructure and capital project master plan following the 2019-2020 pandemic

References: Refer to the codes and standards located at the back of each ASHRAE Handbook for additional reference:

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

Other References: ASHRAE Technical Committee TC 5.11, Humidifying and Equipment; and Technical Committee

2.10, Resilience and 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, and Commissioning; ASHRAE Standard 55 (Thermal Environmental Conditions for Human Occupancy);

and ASHRAE Standard 62.1 (IAQ); and Design-Build Institute of America (DBIA)

DESIGN CRITERIA DOCUMENT
The HVAC system selection and design intent is based on the process outlined in ASHRAE Handbook 2020,

Chapter 1, HVAC System Analysis and Selection, and includes the following:

Owner’s building program goals and additional goals

System constraints and constructability constraints

Finalized system selection based on methods to furnish and install humidi�cation into the library facility

Specialized systems shall include a new gas-�red steam generator to produce the steam to new humidi�ers in

existing central air-handling units and speci�c areas of the building. Also, a new reverse-osmosis (RO) water

system will serve the 100% water makeup to the steam generator.

Automatic controls shall include new direct digital steam humidi�cation automation, boiler furnished controls,

a BACnet interface, an internet interface, the existing building automation system (BAS) interface, and an

interface with the existing computerized maintenance management software (CMMS) system interface

Program & Project Goal

Functional goals (refer to 2020 ASHRAE Handbook, Chapter 1)

Budget goals: �rst cost and operating cost

Timeline goal(s): pre-purchased equipment dates so the humidi�ers will be in operation by the upcoming

heating season

Management goals: A three-year extended warranty service contract for the new steam generator

Available utilities: Natural gas and 480/3/60 existing electrical power and BAS system

Existing conditions: central air system(s) supply air and/or return air cubic feet per minute (cfm), general and toilet

exhaust, heating systems, and air conditioning systems

Rebalance and commission the building’s central air systems, new steam generator, humidi�er systems, and RO

system

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 an analytical analysis of the existing facility, occupant, and HVAC conditions;

associated operation; and proactive maintenance management

The D-B team will refer to the ASHRAE guide for humidity control design and ASHRAE Indoor Air Quality Guide:

Best Practice for Design, Construction, and Commissioning

The addition of space humidi�cation based on ASHRAE’s Humidity Control Design Guide

Owner’s facility environmental audit for space humidi�cation and IAQ, occupant health, and preservation of the

books in the library

An implementation update of all policy and procedure (P&P) manuals

Add humidi�ers to recommended existing systems along with the addition of individual space humidi�ers as

recommended by the D-B humidi�er consultant

Furnish, install, monitor, measure, and provide monthly reporting (if necessary) of humidity levels, space

temperature, and outdoor air temperature

Add a new RO water system, serving new building humidi�ers furnished and installed per the D-B scope of work

The in-house BAS technician will update any existing safeties and alarms associated with the new monitoring and

reporting system working with the D-B team, third-party CxC, and third-party TAB technician

The facility manager shall have the BAS and operations and maintenance technicians trained to accommodate P&P

changes as they affect the building management and HVAC systems

The D-B team shall produce complete record documents, warranties, and training

The D-B HVAC design engineer shall provide system �ow diagrams with these three documents (OPR, DID, and

BOD) along with ATC sequences of operation.

Photo courtesy of Unsplash

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)

Design-Bid-Build (D-B-B)

Owner Team
Library Building Manager

Facility Manager

Capital Project Manager

Owner Representative (consultant)

Library Book Manager (in-house staff)

Project Delivery Team
D-B Project Manager

D-B-B Project Manager

Coordinator (mechanical and general construction)

Humidi�er Consultant

Architect, Acoustical, Plumbing, Electrical, Structural, Fire Protection, and Security Consultants

HVAC Project Team
HVAC Technician (in-house staff)

Automatic Temperature Control (ATC) Technician (in-house staff)

Building Automation System (BAS) Technician

Operation and Maintenance (O&M) Technician (in-house staff)

O&M Technician (out-source staff)

Third-Party Commissioning Consultant (CxC)

Application 2019 ASHRAE Handbook
Museums, Galleries, Archives, and Libraries, Chapter 24

Clean Space, Chapter 19

Library Space, Chapter 33

IAQ, Chapter 34

Systems 2020 ASHRAE Handbook
Steam Systems, Chapter 11

Condenser Water Systems, Chapter 14

Medium and High Temperature Water Heating, Chapter 15

Infrared Radiant Heating, Chapter 16

Equipment 2020 ASHRAE Handbook
Boilers, Chapter 32

Furnaces, Chapter 33

Chimney, Vent, and Fireplace Systems, Chapter 35

Heat Exchangers, Chapter 47

Project Type
Deferred Maintenance

Infrastructure

Energy Audit & Retro�t

Facility Audit for IAQ, Occupant Health, and Preservation of Books

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 Located at the Back Each ASHRAE Handbook for Additional Reference

Other References
ASHRAE Practical Guide to Seismic Restraints

ASHRAE Standard for Commercial Building Energy Audits

ASHRAE TC 5.11, Humidifying and Equipment

ASHRAE TC 2.10, Resilience & Security

Design-Build Institute of America (DBIA)

DESIGN INTENT DOCUMENT (DID)
       The HVAC System Selection and Design Intent Is Based on the Process Outlined in ASHRAE Handbook 2020,

Chapter 1, HVAC System Analysis and Selection, and Includes the Following:

Owner Building Program Goals and Additional Goals

System Constraints and Demolition Document

Finalized System Selection Based on Condensing Boiler Replacement Following the Building’s Deferred

Maintenance Budget

Program & Project Goals
Budget Goals: First Cost and Operating Cost

Timeline Goal(s): Pre-Purchased Equipment is Provided so the Humidi�ers will Be in Operation By the Upcoming

Heating Season

Specialized Systems Shall Include New Gas-Fired Steam Generator to Produce the Steam to New Humidi�ers in

Existing Central Air-Handling Units and Speci�c Areas of the Building. Also, a New Reverse-Osmosis (RO) Water

System will Serve the 100% Water Makeup to the Steam Generator.

Management Goals: A Three-Year Extended Warranty Service Contract Is Available for the Humidi�ers and Piping

System

Automatic Controls Shall Include Boiler Furnished Controls, a BACnet Interface, an Internet Interface, the Existing

BAS Interface, and New Computerized Maintenance Management Software CMMS System Interface

DESIGN CRITERIA DOCUMENT
The HVAC Design Criteria Shall Be in Sync with the D-B Project Delivery Method and Owner’s Project

Requirements

The Design Criteria Shall Be Based on ASHRAE 90.1 and State Energy Code

The Design Criteria Shall Be Based on an Analytical Analysis of the Existing Facility, Occupant, and HVAC

Conditions; Associated Operation; and Proactive Maintenance Management

The New Insulated Hot Water System Shall Replace the Existing Pipe Distribution to Serve the Humidi�cation

System

Conceptual/Schematic Phase General Notes: The D-B Engineer Shall Coordinate this Project with the

Architectural Design Team

The Owner’s Facility Environmental Audit for Space Humidi�cation and IAQ, Occupant Health, and Preservation

of the Books in the Library

An Implementation Update of All Policy and Procedure (P&P) Manuals

Add Humidi�ers to Recommended Existing Systems Along with the Addition of Individual Space Humidi�ers as

Recommended By the D-B Humidi�er Consultant

-  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)

Design-Bid-Build (D-B-B)

Owner Team
Library Building Manager

Facility Manager

Capital Project Manager

Owner Representative (consultant)

Library Book Manager (in-house staff)

Project Delivery Team
D-B Project Manager

D-B-B Project Manager

Coordinator (mechanical and general construction)

Humidi�er Consultant

Architect, Acoustical, Plumbing, Electrical, Structural, Fire Protection, and Security Consultants

HVAC Project Team
HVAC Technician (in-house staff)

Automatic Temperature Control (ATC) Technician (in-house staff)

Building Automation System (BAS) Technician

Operation and Maintenance (O&M) Technician (in-house staff)

O&M Technician (outsource staff)

Third-Party Commissioning Consultant (CxC)

Application 2019 ASHRAE Handbook
Museums, Galleries, Archives, and Libraries, Chapter 24

Clean Space, Chapter 19

Library Space, Chapter 33

IAQ, Chapter 34

Systems 2020 ASHRAE Handbook
Steam Systems, Chapter 11

Condenser Water Systems, Chapter 14

Medium and High Temperature Water Heating, Chapter 15

Infrared Radiant Heating, Chapter 16

Equipment 2020 ASHRAE Handbook
Boilers, Chapter 32

Furnaces, Chapter 33

Chimney, Vent, and Fireplace Systems, Chapter 35

Heat Exchangers, Chapter 47

Project Type
Deferred Maintenance

Infrastructure

Energy Audit and Retro�t

Facility Audit for IAQ, Occupant Health, and Preservation of Books

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 Located at the Back Each ASHRAE Handbook for Additional Reference

Other References
ASHRAE Practical Guide to Seismic Restraints

ASHRAE Standard for Commercial Building Energy Audits

ASHRAE TC 5.11, Humidifying and Equipment

ASHRAE TC 2.10, Resilience and Security

Design-Build Institute of America (DBIA)

DESIGN INTENT DOCUMENT (DID)
       The HVAC System Selection and Design Intent Is Based on the Process Outlined in ASHRAE Handbook 2020,

Chapter 1, HVAC System Analysis and Selection, and Includes the Following:

Owner Building Program Goals and Additional Goals

System Constraints and Demolition Document

Finalized System Selection Based on Condensing Boiler Replacement Following the Building’s Deferred

Maintenance Budget

Program & Project Goals
Budget Goals: First Cost and Operating Cost

Timeline Goal(s): Pre-Purchased Equipment is Provided so the Humidi�ers will Be in Operation By the Upcoming

Heating Season

Specialized Systems Shall Include New Gas-Fired Steam Generator to Produce the Steam to New Humidi�ers in

Existing Central Air-Handling Units and Speci�c Areas of the Building. Also, a New Reverse-Osmosis (RO) Water

System will Serve the 100% Water Makeup to the Steam Generator.

Management Goals: A Three-Year Extended Warranty Service Contract Is Available for the Humidi�ers and Piping

System

Automatic Controls Shall Include Boiler Furnished Controls, a BACnet Interface, an Internet Interface, the Existing

BAS Interface, and New Computerized Maintenance Management Software CMMS System Interface

DESIGN CRITERIA DOCUMENT
The HVAC Design Criteria Shall Be in Sync with the D-B Project Delivery Method and Owner’s Project

Requirements

The Design Criteria Shall Be Based on ASHRAE 90.1 and State Energy Code

The Design Criteria Shall Be Based on an Analytical Analysis of the Existing Facility, Occupant, and HVAC

Conditions; Associated Operation; and Proactive Maintenance Management

The New Insulated Hot Water System Shall Replace the Existing Pipe Distribution to Serve the Humidi�cation

System

Conceptual/Schematic Phase General Notes: The D-B Engineer Shall Coordinate this Project with the

Architectural Design Team

The Owner’s Facility Environmental Audit for Space Humidi�cation and IAQ, Occupant Health, and Preservation

of the Books in the Library

An Implementation Update of All Policy and Procedure (P&P) Manuals

Add Humidi�ers to Recommended Existing Systems Along with the Addition of Individual Space Humidi�ers as

Recommended By the D-B Humidi�er Consultant
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Case In Point

Doors Open with Mobile Phones at
Europe’s Nokia Arena 

SCROLL

Security solutions as well as access management and control systems for the arena have
been implemented by Abloy.

FIGURE 1: A new era began in the heart of Tampere, Finland, when Nokia Arena opened its doors in December.

Image courtesy of SRV/Libeskind/Tomorrow and Abloy Oy

A new era began in the heart of Tampere, Finland, when Nokia Arena opened its doors in December. The arena,

designed by the internationally renowned architect Daniel Libeskind —and built above the main line railway — is

scheduled to host large events, including the 2022 men’s ice hockey world championships. The central location of the

venue is the city centre, and its opening hours around the clock highlight the importance of access management. For

example, it must be possible to separate semi-public, open areas from premises accessible only to employees or hotel

guests. Security solutions as well as access management and control systems for the arena have been implemented by

Abloy.

"Nokia Arena is a striking example of security trends, where access rights are becoming digital, and door environments

are touchless,” said Jari Perälä, vice president, domestic sales and marketing, Abloy Oy. “In this development, various

human resource, space, and access management systems, for example, are integrated. They share information to

improve operational ef�ciency and security. There has been a lot of discussion about the API [application programming

interfaces] economy, for example, utilizing data shared through application programming interfaces in recent years."

FIGURE 2: Doors at Nokia Arena may be opened using smartphones or smartwatches.

Mobile Devices and Wristbands Acting as Keys
In the arena, doors are opened with access rights on mobile devices and wristbands. Electromechanical keys are also

used.

"We have introduced a wide range of keys,” said Jani Helenius, property and security manager at Nokia Arena. “Access

permits can be sent to smart devices, in which case the door opens with the help of a mobile phone or smartwatch in the

blink of an eye. This way, for example, an ice hockey team training in the rink does not have to worry about losing the

keys or returning them to the right place when the access rights expire at the end of the game shift. When granting

access, it is also possible to determine which premises can and cannot be accessed."

"The doors of the arena open with a smartphone or smartwatch, which is really clever,” said Jukka Peltola, assistant

captain of the Finnish ice hockey team Tappara, which is one of the arena’s regular users. “I am convinced that the

hockey people will enjoy many moments in the new arena."

"The locks are also integrated into the work shift system of the arena's restaurants,” said Mikael Ermala, key account

manager, Abloy. “For example, when a waiter arrives at the beginning of his or her shift, the access rights granted to the

person immediately take effect in the necessary premises."

Push Bars Speed Up the Exit in Case of an Emergency
Directing an audience of 15,000 to safety in case of emergencies is essential for an event center like Nokia Arena.

That's why the locks on the arena doors are integrated with the �re safety system. Smooth evacuation is also ensured

by Abloy push bars. All doors and exit routes in the customer premises are equipped with push bars, also called panic

bars or crash bars, so that the doors open quickly and easily when needed.

"Simulations during the construction phase have shown that 4,500 people can be guided away from the main �oor of

the arena in less than eight minutes,” said Helenius. “The entire arena can be emptied in about 15-20 minutes in an

optimal situation. This would not be possible without effective opening mechanisms on the exit routes."

"Nokia Arena is an important project for us, where, together, we have been able to develop completely new, technology-

enabled ways of using locking solutions,” said Perälä. “We have good experiences securing similar large arenas, such as

the Helsinki Olympic Stadium in Finland and the Warsaw National Stadium in Poland."
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Commissioning

Top 10 Elements of
Commissioning: Third-

Party Professionals  
A third party is necessary because we are all human and will struggle with

con�icts of interest when they present themselves.

SCROLL

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

Starting this month and going through November 2022, I will count down my Top 10 Elements of Commissioning.

These are, in my opinion, the most important things for a successful commissioning project. My de�nition of “success” is

twofold: First, the building systems function properly when they’re handed over from the project team to the

operations team, and, second, the operations team is equipped with the understanding, documentation, and training

needed to sustain that proper operation for the life of the systems.

My No. 10 element is third-party professionals leading the commissioning process. “Third party,” in this context, means

someone not employed by the design engineering or architectural �rms and someone not employed by one of the

installation contractors or subcontractors. As such, third party can mean a separate �rm whose only role on a project is

commissioning; an employee of the building owner; an employee of the test, adjust, and balance (TAB) �rm (as long as

TAB is not contracted under the general or mechanical contractors); or an employee of the construction-manager, as

long as the construction manager is not at risk.

Needless to say, regardless of who employs the third-party professionals), those professionals need to have the

requisite skill set to lead the commissioning process. In addition to the myriad commissioning certi�cations available to

help differentiate quali�ed commissioning providers from the general public, the following are some of the key traits of

an excellent commissioning provider.

•     Facilities operations background;

•     Construction experience;

•     Engineering design training and experience;

•     Excellent speaker;

•     Excellent writer; and

•     Respectful of others.

Lead image [kimberrywood]/[DigitalVision Vectors] via Getty Images

The reason for a third party is the fact that we are all human and will struggle with con�icts of interest when they

present themselves. I know from an experience more than 20 years ago that commissioning a project designed by some

of my co-workers (I wasn’t even with the �rm when the project was designed) is awkward, at best, and ethically

challenging, at worst.

Not all problems with the operation of new building systems are due to construction defects (i.e., contractor

de�ciencies). Some are actually due to design errors, omissions, or simply not anticipating a problematic operating

condition during the design phase. This is why it’s important to not be employed by a design team �rm. There will

undoubtedly be internal pressure to resolve the problem in a way minimally impactful for the design �rm and not

necessarily the best for the owner.

Alternately, not all problems with new building systems operation are due to design defects. Having the commissioning

professional paid by and reporting to a �rm within the construction team organization chart can similarly water down

the team’s acknowledgement of problems and the rigor with which they attempt to resolve the issues. How can the

owner be any more con�dent with a building commissioned by the construction team than with an un-commissioned

building?

Twenty-�ve years ago, quali�ed commissioning �rms and/or individual building commissioning professionals were few

and far between. As such, some owners didn’t think they had a practical choice regarding who they hired for

commissioning. Today, there are plenty of commissioning professionals available for owners and construction managers

(not at risk) to hire directly for their projects without having to go through their design and construction team partners.

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

Environmental Justice
Includes Thoughtful

IAQ Standards
The more stringent standards found in health care settings, where people are

immunocompromised or more vulnerable because of age, need to be
extended to other settings.

SCROLL

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

Figure: The interrelated factors in people with sickle cell disease. 
 Image courtesy of Building4Health

The U.S. Environmental Protection Agency (EPA) de�nes environmental justice as a provision of “an environment where

all people enjoy the same degree of protection from environmental and health hazards and equal access to the decision-

making process to maintain a healthy environment in which to live, learn, and work.”

Our most prevalent environment is indoors, and our most extensive exposure is the air we breathe. When preventing

health hazards becomes a benchmark for environmental justice, maintaining universally safe IAQ standards is an

essential component. While we know occupied buildings close in proximity to outdoor pollution sources, such as

roadways, may need additional systems to maintain proper IAQ, there are other scenarios that also require special

attention.

Best practice guidelines for indoor environments must now move beyond occupant comfort and protecting the health

of the hypothetical “average” occupant. The more stringent standards found in health care settings, where people are

immunocompromised or more vulnerable because of age, need to be extended to other settings. Medical research has

uncovered an inherited condition, not modi�able by lifestyle changes, that conveys greater sensitivity to harm from

airborne pollutants.  

Sickle cell disease (SCD) is a genetically transmitted disorder that is found primarily in African Americans. People

inheriting SCD have abnormal hemoglobin, the oxygen carrying molecule, in their red blood cells. The consequence is a

shortened half-life of red blood cells that leads to anemia and fatigue. Furthermore, the altered hemoglobin can deform

red blood cells, changing them from the normal disc shape to an abnormal sickle shape. When triggered, the sickle-

shaped cells stick to blood vessel walls, causing clots that stop the �ow of blood and oxygen to down-stream tissues.

These vaso-occlusive crises occur without warning, are very painful, and repeated episodes lead to high blood pressure,

restricted lung function, and damage to other key organs. Despite the widespread prevalence of SCD, the causes of

disease �are-ups have not been well understood until recently. Medical research has now revealed that exposure to

airborne pollutants can be a powerful trigger for the in�ammatory cascade that results in a SCD crisis.

To better understand the role of air pollution in SCD �are-ups, nine years of data from the Study on Particles and

Health in Atlanta was analyzed to correlate ambient pollution levels with SCD-related emergency department visits.

The analysis found that boys under 18 were signi�cantly at risk for increased �are-ups, and that pollutants associated

with traf�c emissions, including carbon monoxide, nitrous dioxide, and �ne particles containing elemental carbon were

most strongly associated with SCD.  

Overall, these �ndings reveal that individuals with SCD have increased susceptibility to environmental exposures that

trigger in�ammatory pathways that contribute to increased disease and a shortened life span. Furthermore, these

harmful effects occurred at levels below air quality standards previously considered to be safe. The bene�t of

understanding the role of air pollution in disease is that we can create best-practice standards that are protective for all

people. This is the precise goal of environmental justice that we are striving for.

1 https://www.epa.gov/environmentaljustice/learn-about-environmental-justice

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

Resilience and Energy
Code Changes

How much weight should be given to resilience when making decisions about
building code requirements?

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

SCROLL

The relationship between resilience and sustainability was discussed in an earlier column, and it was suggested that

sustainability is an important component for a truly resilient building but that it was not the whole picture nor was it the

primary resilience consideration for most buildings. The recent call for public comments on proposed changes to the

International Energy Conservation Code (IECC) provides an opportunity to revisit this topic and to discuss, in greater

detail, a few of the issues raised.

The IECC recently changed the process by which modi�cations are made away from the traditional code process to

something similar to how technical standards are maintained. That process involves a committee that makes the �nal

decisions but with input from any interested party. The recently closed period for proposed changes resulted in 258

proposals for the commercial energy portion and 168 on the residential side that cover a wide range of topics. In this

column, I will discuss the changes to the commercial code related to air barriers, on-site energy, and lighting controls in

terms of their relationship to enhanced building resilience.

Multiple proposals were received regarding the requirements for an air barrier in new construction. Although several

speci�c topics are addressed, for the purpose of relating the changes to resilience, the most relevant are those

suggesting the tightening of the building envelope, reducing the allowable air leakage. From an energy standpoint, a

tighter envelope will generally provide a clear bene�t — the building will use less energy for heating and cooling. The

points of discussion regarding what level of leakage should be allowed therefore center on costs and practicability.

Viewed from a resilience perspective, more restrictive requirements for air barriers are a positive development overall.

Less air leakage means a building will be able to maintain a livable temperature for a longer period of time without a

functioning HVAC system, particularly when combined with thermal mass. However, depending on the building use and

external climate, there may be problems with a buildup of, for example, humidity, which may require opening windows,

negating the bene�ts of the tighter envelope.  

Moving to on-site energy, the majority of the proposals deal with increased requirements for the use of solar or wind

generation for the building. Again, when considering resilience, greater on-site energy generation will certainly be a

bene�t. Less reliance on the external grid should lead to an increased ability to maintain the functionality of a building

after an adverse event, at least at some minimum level. An important question, though, is how reliant should the

building be on wind and solar generated at the site? If the assumption that the building can be used to shelter in place,

or for longer term occupancy, is based on the availability of the on-site power, what happens if that is not available? Do

the designers need to add extra energy storage to plan for the possible lack of wind or solar after an adverse event? For

example, will the power source be available after a tornado or earthquake? How much storage is required, or does a

further backup, such as a diesel generator, need to be supplied? 

Lead photo [yoh4nn][E+] via Getty Images

Regarding lighting controls, the proposals of interest require automatic dimmers on certain types and locations of

lighting. Again, this seems like a positive good for enhanced resilience, as the ability to decrease lighting to the minimum

required also reduces energy demands, leading to a better chance the building can remain at least minimally functional

after an adverse event. However, some of the proposals require automatic control and discourage or even disallow

manual control of the dimming. Does this make sense from a resilience perspective? For example, should occupants be

able to overrule the automation to decrease lighting levels, even when the algorithm suggests they should be higher?

What if the authorized personnel for modifying the automated system are not available? Looking at scenarios outside of

normal operation, these are the types of questions that have to be asked when considering resilience.

The big question, which hasn’t been addressed, is how much weight should be given to resilience when making decisions

about building code requirements today? This discussion has not taken place, and the debate is almost entirely about

whether or not the proposed changes make sense for normal operation. If enhanced resilience is the goal, then this will

have to change, and resilience will only be obtained/enhanced when it is actively considered during the development of

both code requirements and individual project goals.

https://www.esmagazine.com/articles/101238-sustainability-and-resilience
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Building Automation

The Nuances of BAS
Graphics

By Matthew Foley, P.E.

SCROLL

Imagine if you were faced with a project worth tens or hundreds of thousands of dollars that
could have been solved with just a couple of hours of work.

Image courtesy of Pixabay

I once sat in a panel discussion among 25 or so representatives from different contractors who installed building

automation systems (BASs). Each person took a few minutes to describe his or her current focus area, and there were a

wide variety of initiatives. Topics spanned from taking a hard look at his or her estimating practices to marketing tactics

to specialized energy management programming techniques. One of the younger persons in the room spoke up and

waxed poetic about user interface/user experience (UI/UX). He enthusiastically described how his company had made a

name for itself and was doubling down on its UI/UX focus. He used jargon that very few in the room knew of, and there

were several people who poked fun at him for it. I didn’t speak up in defense of him then, but I think his focus area was a

good one.

From an end-user’s perspective, a BAS’s “graphics” are among the most heavily differentiating aspects from one

vendor’s solutions to the next. As many of you know, I’m referring to the series of graphical user interfaces that are

often served up on a dedicated computer with specialized software or via a customized web interface on mobile devices

or workstations. A system can work well to maintain environmental conditions for months or years on end, but if a

maintenance staff member is unable to use the graphics to troubleshoot and remedy an issue, he or she will certainly

feel as if they’ve been underserved. I have been party to a sales call where a prospect was lamenting the need to replace

the entire BAS that was only three years old, and, after all of the questions and answers, the truth behind it was that the

original contractor had not included override capabilities of zone dampers in the graphics provided. We did the right

thing for that customer and showed him what he really needed to do, but imagine if you were faced with a project worth

tens or hundreds of thousands of dollars, when a couple of hours of work would solve the issue.

BAS end users possess a spectrum of domain-speci�c knowledge. One of the most tedious aspects of con�guration for

graphics is selecting and arranging images that represent the equipment being controlled and aligning all of the data

display elements in a way that the screen is not too cluttered. On the other hand, when asked how they like the

equipment graphics, I’ve de�nitely heard feedback from customers who have said, “Oh, they look great, but those are

for you when I call you to come �x something.” Not all of the software offerings out there support customized

experiences for individual users (those that do use this as a selling point); however, even when the software does

support it, this can make future recon�guration far more expensive than if a normalized package had been provided.

Construction plans and speci�cations often make use of language conventions to describe what graphics should include

and be con�gured to do. For example, consider the following sentence: “The mixed air damper shall modulate to

maintain the mixed-air temperature of 52°F (adjustable).” By convention of language, this sentence implies the graphics

should include a set point the end user can adjust in addition to the temperature sensor value and damper position. A

situation that is all too common is that the programmer who isn’t familiar with this language convention has not

con�gured the graphics completely yet, and a third-party commissioning agent �les a de�ciency because of it. In my

personal experience, this sort of issue can account for a staggeringly large portion of a commissioning agent’s de�ciency

list.  Again, even though the system probably operates very well under automatic control, it matters a great deal

whether the end user can observe the operation and adjust settings when required.

I’ve found that graphics are implemented best when they are not limited to the “what” but rather when they also help

with “where” and “why.” As for “where,” graphics can be extremely useful for navigating spatially within a building

footprint to troubleshoot how pervasive temperature issues are and what equipment is likely to be responsible. As for

“why,” graphics can be con�gured to make it very clear the reasons equipment is being controlled a particular way.

Sometimes, this is accomplished by putting copies of the control sequences directly on a page. In other cases, the

graphics go beyond showing only sensors and set points to emphasize current operating modes so that an end user can

make a conclusion, for example, “This air-handling unit is turned off because it’s in freeze-protection mode.”

The young man in the panel discussion knew that empathy goes a long way in delivering value to a customer and that

focusing on his customers’ experiences are worthwhile. It’s a seemingly simple and ubiquitous concept, but it’s a

nuanced one that can be hard to do well. I would love to �nd out what you as the reader have experienced with BAS

graphics and whether those experiences were memorable for the better or for the worst.

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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Feature

By Herb Woerpel

SCROLL TO VIEW

Engineering is a male-dominated industry, but that is changing. For the fourth consecutive year, the staff at Engineered
Systems is proud to showcase the women of engineering through our 20 to Watch: Women in HVAC contest.

This year’s class of winners includes women representing every level of the industry, from entry-level novices to

engineers in training to those running their own �rms and everything in between. After countless hours of deliberation,

our staff chose 20 deserving women to honor.

“Every year, I continue to be blown away by the outstanding achievements of the women who are showcased in this

contest, and this year is no exception,” said Mike Murphy, publisher, Engineered Systems. “The engineering industry is

changing, and the individuals featured within this issue of Engineered Systems are leading the way. Congratulations to all

of our winners and to the industry as a whole that bene�ts from their continued success.”

Without further ado, we present the winners of our 2022 Top 20 to Watch: Women in HVAC contest.

Watch the Videos!

Kelley Bieghler

Managing Partner, KBSO
Consulting

Marites Calad

Vice President/Branch Manager,
Norman S. Wright – Paci�c

Kate Dennis

Mechanical Designer, IMEG Corp.

Pam Duffy

Founder/Owner of Spark One

Solutions, Co-Founder/Owner of

Powerhouse Consulting Group

Lyn Gomes

Senior Commissioning/MEP
Coordinator, DPR Construction

Robin Graves

Mechanical Department

Facilitator, Af�liated Engineers

Inc.

April Guymon

Director of Monitoring-Based
Commissioning, ETC Group

Jen Ha�ngton

Mechanical Engineer, Jacobs

Tami Haglund

Mechanical Engineer, Alvine
Engineering

Tracey Jumper

Corporate Director of

Commissioning, EMCOR Services

Mesa Energy

Katrina Kelly-Pitou

Systems Strategist, SmithGroup

MaryAnne Kirgan

Owner/President, Systems 4 Inc.

Stefanie Kopchick

Global Market Manager, Opteon
Stationary Refrigerants

Kimberly Llewellyn

Emerging Markets, Senior Product

Manager, Mitsubishi Electric

Trane HVAC US

Barbara H. McCrary

President, HHB Engineers P.C.

Carrie Anne Monplaisir

Mechanical Engineer, Clark
Nexsen

Kajal Prasad

Team Lead - Controls and

Electrical, Applied DX RTU
Product Development, Johnson

Controls

Dascha Whitmore

Process Safety Management
Specialist, Stellar

Casey Wilson

Business Unit Leader – Building
Services, Horner & Shifrin Inc.

Gladys Yang
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Three Obscure Fuels
and Fired-Equipment

Risks That Can Destroy
Your Organization
On some level, every organization needs to understand the seriously

disproportionate risks that are out there, but, at the same time, no one has
the resources to manage every level of risk all the time.

By John Puskar, P.E.

A critical care hospital discovers leaks in the underground gas piping system that serves it, a paper mill has reoccurring

boiler tube failures, and a steel plant's reheat furnace has a serious refractory failure — these are all recipes for serious

business interruptions. Life, as you know it, will drastically change if your organization’s operating staff encounters one

of these equipment problems.

Enterprise risk management (ERM) is a process that identi�es and classi�es many types of risks organizations face.

Such risks are those that can impact an organization’s ability to achieve its objectives (whatever they are). ERM is a

popular concept these days in the business continuity world. Today, ERM is largely related to data centers, software,

and computer virus problems. Although these are certainly important, this article attempts to change your lens a little

bit and think about business continuity risks related to your fuels and �red-equipment systems.

I was recently told by a client’s risk manager that besides owning large boilers, they also own thousands of miles of

roads that have to be maintained for safety; process millions of pounds of food that has to not get anyone sick; and, yes,

they have boilers and fuel systems that must function safely. This discussion reminded me that, on some level, every

organization needs to understand the seriously disproportionate risks that are out there, but, at the same time, no one

has the resources to manage every level of risk all the time.

This article articulates three of the biggest risks I know of that are not popular, somewhat obscure, and not well-

managed by many organizations when it comes to fuel-�red equipment, such as boilers and industrial heat processing

equipment.

These three major fuel and combustion system risks include underground fuel piping systems (i.e., natural gas),

refractory systems, and boiler mechanical integrity (i.e., tubes and drums). These issues are not readily observable and

are sometimes cloaked in a veil of “being an art” to be able to manage and correct. The truth is, these are

understandable; they are not obscure if the proper technologies are applied; and, although there is certainly an art to

managing and correcting them, it is not beyond the capability of today’s technologies and diligent caretakers.

Throughout this article, I address all three of these issues and give you some perspective on how these can be better

managed. I also interviewed three of the best minds I know in each of these areas to get some idea of how bad things

can get if there’s a problem in today’s world of supply chain issues and labor shortages. In each example, I examine a

possible outage for each of these three critical scenarios by having you consider the work scope involved for getting

things diagnosed and �xed. Then, you can decide how long you might be down at some of your key facilities. I’ll give you

a hint before you get there: In each case, it could easily be weeks, not days.

Obscure Risk No. 1 — Underground Gas Piping Failures
How obscure are they? How about you can’t see them even if you wanted to. Equipment positioned above ground, such

as corrosion protection system testing devices, can be used to assess the condition of the piping. The problem is that, in

many cases, these corrosion protection systems are nonexistent or not monitored.

Gas utilities are required to validate the integrity of their cathodic protection systems (i.e., corrosion controls) annually

via U.S. Department of Transportation (DOT) requirements. However, once that gas becomes owned by the customer,

and the pipe heads back underground from the discharge of a meter, it’s usually the customer’s responsibility for

protection. Very few customers do a good job of managing their cathodic protection systems, assuming they even exist.

Testing these systems and managing this piping are not skills that are used regularly by many organizations. The testing

and evaluation of these systems are typically contracted services, if they occur at all.

Consider the Scope of the Repair — If an underground fuel line has lost its integrity, one must �rst identify

the approximate location of the leak. Once the leaks are identi�ed (e.g., there’s rarely ever just one), the piping

system must be isolated and then purged out of service. This is usually when it is discovered that critical valves

needed for isolation either do not exist where they're needed or they do not work. The piping to be purged

could be hundreds of feet long. The planning and execution for the purge out of service could require two to

three days. There are codes and standards that apply to this work that must be followed, like NFPA 54, the

National Fuel Gas Code, and NFPA 56, Standard for Fire and Explosion Prevention During the Cleaning and

Purging of Flammable Gas Piping Systems. I am a member of both of these committees and can vouch for the

very practical information contained, including a sample purge plan in the annex of NFPA 56. These and other

NFPA standards and codes are available for free viewing at www.NFPA.org.

Next, the suspected leak area must be excavated. Once the pipe is excavated, the extent and scope of the required repair

can be seen for the �rst time. Years ago, one of my clients, an auto manufacturer, started this process for a service line

leak that went through a parking lot. This identi�ed more than 200 feet of buried 6-inch pipe that needed to be

replaced. They were able to do this work over a summer shut down. They were lucky. I’m sure you know that luck’s not

much of a strategy.

I contacted my go-to guy for underground cathodic protection issues, Mark Kocak, lead technical manager for Mears. In

today’s world, he indicated specialty pipe lead times can be double what they used to be (now in the range of six to eight

weeks, depending on what you need). Certain critical cathodic protection items can also take weeks to get. Not having

these components can mean an excavation might need to remain open until all materials arrive, are installed, and the

new cathodic (corrosion) protection system’s functionality can be validated.

Mitigating the Risk — You need a management process and reporting system that includes information from

the serving gas utility on the health of the service lines serving you. They are required to provide this

information if asked.

FIGURE 1: You never know the extent of digging until you’re into it. The pipe must be purged and safe practices
must be followed for those working in the trench.

 Image courtesy of Prescient Technical Services

If you have underground piping on your organization's property, then you need the services of a corrosion protection

specialist who can identify the condition of your lines and whether or not the original protection systems put in place

are still adequate. There, then, needs to be a regular measurement and reporting practice put into place so you

understand the ongoing condition of the cathodic (corrosion) protection system you might have in place.

I don’t want to scare you, but even this assessment and the consequences of it can be a little ugly. So, let me prepare you.

Years ago, at a recently purchased natural gas-driven combustion turbine power plant, the new owners decided that,

since they didn't have good documentation on the 900-psig pressure gas line serving them, they would do some

excavations to assess the pipe and install new cathodic protection. Our �rm wrote the purge plans and managed the

project so the gas piping could be empty and safe when the excavation and other work were occurring. We then

managed reenergizing and commissioning the line once the work was done. This entire process took weeks, and

everything went relatively well. There’s just nothing about any underground work that’s ever easy, risk-free, or fun. It’s

also somewhat rare when underground projects contain little or no surprises.

Obscure Risk No. 2: Refractory Damage
Refractory is the cementitious, rock-type material that protects carbon steel boiler tubes and the structural steel that

supports boiler, oven, and furnace �reboxes. It’s got a design useful life, and many operating parameters can in�uence

the refractory useful life.

How obscure is it? You can only really see it completely if the equipment is nonfunctional, cooled down, and you send a

crew inside with special training and personal protective equipment (PPE).

Everyone knows what obvious refractory problems are. These are situations where paints burned off and outer casings

of equipment are glowing red and maybe even burned through. The key to managing this risk is to not let it get this bad.

There are warning signs for when refractory is starting to have even minor problems. If you have the right equipment

and a little bit of training, this can be part of your critical assets reporting process.

Consider the Scope of the Repair — The repair scope and time required for refractory increases exponentially

the worst you let it get. Once the heat starts to impact structures, they can warp or bend, breaking more and

more refractory.

FIGURE 2: Superheater tubes, like these shown here, could take weeks to get in today’s environment.

Image courtesy of Prescient Technical Services

Repairs require the inside of �reboxes, combustion chambers, and furnaces �rst cool to temperatures where skilled

trades can work inside. The work is often performed in con�ned spaces that require special safety measures, training,

and PPE. In some cases, testing must occur �rst of the materials inside to make sure they are not asbestos. Likewise,

silica dust can be another hazard workers inside may need to be protected from.

Once inside, it’s a matter of demolition of the broken materials and an assessment of damage to the steel beneath. Then,

it’s a matter of hoping the proper repair materials are available in a reasonable time. Some refractory materials can be

hard to get. Then, there’s the installation and the all-important dry out and curing process, which, for some, could take

many days.

One of the folks I contacted in my research for this article was my friend Bob Humphrey, a sales manager with Onex

Construction. He indicated the supply chain issues have hit his refractory world hard and that getting some materials

could take weeks. In the pre-COVID world, refractory repairs could be a week or two out. Now, you can add a few

additional weeks just for the hard-to-get materials and labor.

Mitigating the Risk — You need a management process and reporting system that includes regular reviews of

the condition of refractory and the conditions that cause it to degrade rapidly. The good news is that infrared

imagers, the technology for early detection of some refractory problems, has now become very inexpensive. In

fact, one can buy a cellphone attachment imager for $200 that can be a big help. Besides setting up a thermal

imaging campaign, other things that can shorten refractory life need to be tracked, including, at a minimum,

daily �ame observations and documentation of startups and shutdowns. Flame impingement on refractory

could dramatically shorten its life.

It’s not only how many startups and shutdowns, but the nature in which they occur. These should be done according to

a written procedure that minimizes both rapid heat up and rapid cooling down of refractory. You cannot manage

refractory issues with surprises and crisis mode reactions, as doing so will be very costly.

Obscure Risk No. 3: Boiler Mechanical Integrity Failures
Boilers rely on pressure-retaining components, like tubes and drums. There’s a myriad of tube and drum combinations

and levels of complexity, including metallurgical considerations. In the case of �retube boilers, failure and tube repairs

are generally not as consequential as in the case of a watertube boiler. The repair outage goes from days to sometimes

weeks when the technology changes from �retubes to more complex and larger watertube designs.

How obscure is it? It takes a special non-destructive testing (NDT) processes to know with any sense of accuracy how

much longer your tubes (and possibly your drums) have to live. Many organizations do not have programs to evaluate

the remaining life expectancy of critical boilers. There could be years of improper water treatment or exterior corrosion

from previous fuels, like coal or heavy oils, that can come home to roost when it’s least expected. Operating and

maintenance staff usually see it as a “big surprise” when pressure-retaining parts of a boiler fail, instead of something

that could have been detected and managed.

I’m not sure there’s a speci�c schedule for full-blown boiler life expectancy studies, as life expectancy depends on many

factors. However, I am sure that frequency is not “never.” There are also many investigative steps between an expensive

and exhaustive life expectancy study with metallurgical samples and extensive tube ultrasonic thickness testing, which

is likely what you’re doing today. The U.S. Occupational Safety and Health Administration (OSHA) has even recently

ruled that mechanical integrity programs at process safety management (PSM)-designated plants should include boiler

systems.

Consider the Scope of the Repair — The consequences of being caught by surprise can be tragic. Tubes that

fail can, under the right circumstances, also be safety issues. Once again, let’s review the possible diagnosis

and repair scope, and you can decide for yourself. First, there’s the matter of discovering the leak or failure.

This is not usually a mystery. It’s sometimes a loss of pressure and/or a disturbance of �ames; it could be loud,

or it could �ll the boiler house with steam and be life-threatening.

Just as in the case of refractory repairs, the boiler needs to be capable of being isolated from others that might be in

service and connected to the same piping systems. This will require a double block and bleed isolation. Steam isolation

valves are notorious for not working to isolate well when you need them to work, so don’t be surprised if yours doesn’t

work as well. If this is the case, you may need to take all the boilers and the entire steam system down for isolation.

Also, this is a time for extreme caution, as there have been many people hurt operating high-pressure, high-energy

steam piping system valves.

FIGURE 3: The pile at the bottom of this photo showcases a failed refractory repair and improper cure. Now, the owner is taxed with a “do over.”

Image courtesy of Prescient Technical Services

Once isolated, the �rebox and piping have to cool down enough for people with special con�ned space equipment and

training to get inside and assess the scope of repairs. There may also have to be scaffolding erected within the boiler for

access to the tubes. It’s also possible that tubes have special metallurgical requirements that need to be understood.

Hopefully, the tubes you need with the right metallurgical chemistry are readily available. If they are available, they

might need to be bent somewhere in a shop to precise requirements. Then, highly skilled welders with American Society

of Mechanical Engineers (ASME) code repair quali�cations have to do the welds. Once complete, and after inspections

by jurisdictional authorities, you might be ready for a liquid pressure test to validate the repair. This pressure test

process can take a day or two, even if it’s successful. It’s also possible that some refractory repair would need to take

place at this time. Once the pressure test is complete, the boiler needs to be drained of the test water and then �red up

and recommissioned slowly.

I checked in with my friend Buck Holt, president at NBW Inc. in Cleveland, who has 50 years of experience as a boiler

repair contractor, to discuss the state of the world for boiler and tube repairs. He indicated a repair like I described

above could take weeks. He also indicated that, in today’s world, getting specialty tube materials could take additional

weeks over the pre-COVID world.

Mitigating the Risk — You need a management process and reporting system that includes NDT work

surrounding your most critical boilers. This should be part of an overall comprehensive mechanical integrity

program for other parts of the boiler systems and high-energy piping. If you’re already operating an OSHA

PSM plant, you should check to see that others “got the memo” when it comes to including the boiler systems.

You also need to examine the �eet and decide which boilers, if any, should be in for a life expectancy study that

includes signi�cant deep dives into tube and drum conditions.

One of the most proli�c causes of boiler mechanical integrity issues is the mismanagement of water treatment. You

should verify that quality control measures are in place for every step of this process. Some power plant facilities have

even applied classical process safety layers of protection analysis (LOPA1) to this critical part of the boiler success

operating parameter. A third-party review of what is being accomplished here is also a possibility. It has been my

experience that there’s not a lot of difference in the proprietary chemicals amongst suppliers. Many of them can work

successfully. Instead, it’s the infrastructure (deaerator performance for removing dissolved oxygen, metering pumps for

chemical additions, blowdown controls) and the training of staff that make the most difference in the results.

One of the other things you can do to protect yourself from downtime is to get a rental boiler in the case of an outage,

which is unique in the �red equipment world, as I don’t know of anyone who rents process furnaces. It’s not pretty, and

it’s sure not cheap, but it can save your operations. The timing on rental boilers works like this: You have an outage and

�nd someone who has the capacity and the pressure rating you need (day or two). They truck it over and �nd a place to

set it (two to three days). They then need access to feedwater, power, and fuel. The connections for these are often

where serious time delays occur (probably at least a week, if you're not prepared). You can do yourself a big favor and

plan for this contingency in advance. Well-prepared facility managers have planned for a place to set a rental and

already have valved-in connections in case there’s a need. This can easily save a week of an outage if it’s planned and

executed correctly.

Conclusion
In the process safety and risk management world, there are techniques for assigning order of magnitude probabilities

for each of the obscure risks I identi�ed. Once a year, once in 10 years, once in 100 years, etc., you can apply industry

experiences for these kinds of failures, or maybe your own organization has some insights. In my opinion, the

consequence side of this is a little more dif�cult. It’s not somewhat straightforward lost-time injuries and fatalities. It’s

more about the possible catastrophic loss of a blast furnace from there being no fuel for boilers that produce steam for

“wind” as it’s termed in the steel industry or tubes in a critical hospital boiler during one of the world’s most critical

medical emergencies. These are things that can shake the very core of a business and its reputation for many years to

come.

I hope, if nothing else, this article has caused you to pause and think about getting these business continuity issues on a

risk radar screen. Every organization has its own risk tolerance levels. In the case of organizations I have worked with

that are conducting process hazard analyses (PHAs), when a concern has a low probability but the consequence is

death, there are lots of mitigation steps put in place to minimize this concern from ever occurring. The consequences

here are not necessarily injury or fatality related, but they sure are serious. I hope that after you’ve read this, you’ll

reconsider the three obscure scenarios I've described and decide whether or not these are really within the risk

tolerance level of your organization? Perhaps they’ve never even been considered or understood.
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District Energy
Combined with Heat

Pumps:
an E�ective Economic

Development Tool
Investments in cost-effective district energy/heat pump systems reduce
economic leakage, as more dollars are retained in the economy, thereby

increasing discretionary income within a city.

By Dr. I. Oliker, P.E.

Economic development is de�ned as activity that enhances the economy’s capacity to produce goods and services and

create or retain employment opportunities. The economy of countries widely using district energy bene�ted

substantially from the development of the district energy/heat pump (DE/HP) infrastructure. District energy customers

experience substantial energy savings along with an improved environment and econmic developments. The reduction

in energy cost in the cities helps to attract new business and makes it easier for existing customers to remain in business

and expand. Moreover, the increase in business pro�tability and consumer purchasing power, which results from lower

energy costs, stimulates business investment and consumer spending, and furthers employment growth.

Background
Energy can be a signi�cant driver for growth and development of business for the health and welfare of residents as

well as energy stability for cities and communities of all sizes. Until recently, for a majority of property owners,

businesses, and local governments, energy has been little more than a utility and a bill to pay. Similarly, land-use

planners and property developers have not needed to be concerned about the energy cost of tenants, residents, and

building owners. But the growing threat of climate change, emphasis on greenhouse gas emission (GHG) by traditional

energy arrangements, and concern about national and local energy security are increasingly focusing attention onto

local energy opportunities.

In a number of states, tax incentives and other energy and environmental policies have opened up opportunities to put

assets to more productive use while meeting wider social and environmental objectives. To take advantage of these

bene�ts, many communities, municipalities, utilities, and other public sector organizations, as well as businesses and

landowners, are actively considering becoming energy producers. District heating and cooling integrated with heat

pumps is the local production and distribution of thermal energy. It is a highly ef�cient means of providing locally

generated energy for municipalities. The DE/HP system consists of two major elements:

1. Central or distributed heat pump plants containing equipment that produces energy for heating and cooling,

and domestic hot water; and

2. A network of pipes distributing the thermal energy from the DE/HP plant to the buildings.

Modern district energy systems are widespread in countries across Europe and Asia and are established in several U.S.

cities. The systems deliver a range of social, sustainability, environmental, and economic bene�ts by providing reliable,

ef�cient, clean, and affordable thermal energy from locally controlled and highly ef�cient plants. For heat sources,

DE/HP systems can use ground soil, local lakes, rivers, sewage plants, solar, �ue gases, and waste heat from commercial

and industrial sources (Figure 1).

The DE/HP systems are also able to capture and distribute surplus heat from industrial processes and power

generation that would otherwise be wasted. Heat networks aggregate the thermal demand of multiple buildings to a

scale that enables the use of technologies with higher ef�ciencies or ones that may not be economical to deploy at the

individual building level.

FIGURE 1: District energy/heat pump system with multiple heat sources1

Illustrations courtesy of Joseph Technology Corp.

Role of Energy Price in Business Decisions
Geographic variation in energy prices gives businesses some degree of control over the prices they pay but only to the

extent that they can select one location over another. As a result, energy prices are an important factor in business

location and expansion decisions. Other considerations of varying importance, depending on the type business, include

availability and reliability of energy supply, availability of raw materials and other products, access to capital, proximity

to transportation systems and markets, availability of a skilled workforce, labor costs, taxes, government regulations,

and environmental policies.

In a national survey of businesses, 81% of respondents considered energy costs to be either an important or very

important site-selection factor. This was also substantiated by the experience of New York’s Empire State Development,

which has found that energy costs are often cited by business as the �rst or second most important location

consideration.

Surveys show the cost of energy represents about 8% of total product cost. This fact, however, may be a misleading

indicator of how energy prices can affect pro�ts. In many businesses, pro�t margins are extremely thin. An energy cost

reduction, therefore, can have a substantial effect on a business’s pro�tability. Moreover, facilities compete not only

with those of other companies but with facilities of the same company located in areas with substantially lower

operating costs. In some cases, same-company facilities compete for additional capacity and jobs; in other cases, they

complete to remain in operation. Corporations routinely favor locations that have the greatest pro�t potential. Less

pro�table facilities will, at best, not be expanded. At worst, they will be closed, with a resultant loss of jobs. In this way,

energy costs have a signi�cant and direct effect on economic development.

The Societal Economic Bene�ts
DE/HP systems allow two sorts of energy savings: �rst, fossil fuel currently burned is replaced by renewable energy

source; and second, the absolute amount of energy used is reduced through increased ef�ciency of the heat pumps

operation. In addition, the electric cost for running the electric heat pumps could be reduced by use of water storage,

shifting the load away from on-peak hours. This higher ef�ciency leads to lower costs over the long term, especially

when using local resources.

The coef�cient of performance (COP) of heat pumps can vary from 3-6 depending on the source of the heat. Also, using

electricity from local solar photovoltaic (PV) and wind sources will help to reduce the losses in the local distribution

electric grid — average 6% based on U.S. Energy Information Administration (EIA) information. According to the New

York State Energy Research and Development Authority (NYSERDA), the heat pumps are two to four times as ef�cient

as conventional oil, propane, or electric resistance heating. They are also a safer and healthier choice for homes with no

combustion of fossil fuels, fuel storage, or carbon monoxide emissions. The potential DE/HP system savings depend on

the seasonal ef�ciency of existing individual heat sources replaced by DE/HP systems. Extensive surveys demonstrate

the seasonal (annual) ef�ciency of individual boilers aged more than 10 years is about 55%2, while the seasonal

ef�ciency of the heat pumps with a COP of 4 is 400%. The extensive district heating experience in the state of New

York (cities of Jamestown [Figure 2], Buffalo, and Schenectady) demonstrates that fuel saving recognized from

replacement of existing individual boilers with DE amounts to 35%-40%.

The ability of DE/HP networks to take heat from multiple sources and technologies makes it very �exible. Communities

have a more secure energy supply as they are not solely dependent on a single source of energy. DE/HP networks allow

town and city managers to secure the optimum supply option. Lastly, DE/HP’s are “future-proof” communities, since

new and emerging technologies can be easily and rapidly retro�tted, without the need to install equipment in each

building.

Environmental Advantages and Development Potential
High resource ef�ciency in using renewable sources leads to substantial reduction of carbon footprint. This will make a

valuable local contribution to the global threat of climate change.

The reduction of energy costs will make the local businesses more competitive with other states and regions of the

nation. As a result, the city is better able to attract new businesses and retain and expand existing business. Moreover,

lower energy costs increase business pro�tability and consumer spending and contribute to continued job growth.

Generally, incremental jobs, wages, and output of goods and services created as a result of an energy cost reduction

would be sustained over time because the incremental business pro�ts and consumer purchasing power would be

available in each subsequent year, resulting in a continued higher level of business investment and consumer spending.

Savings that result from DE/HP systems can be used to foster additional business and consumer investment as well as

to increase consumer spending for non-energy related products and services, some of which create additional new jobs

in the city. In addition to the jobs created by spending of energy savings, jobs are created by the purchase and

installation of new equipment, to the extent that the equipment or its components are installed by city labor.

Local and Regional Retention of Funds and Jobs
The DE/HP system provides economic bene�ts at the state, local, and federal level far in excess of the simple cost

savings. Essentially, this occurs because money spent for labor stays in the local community. Extensive experience with

DE systems demonstrates that urban DE allows retaining locally 73% of the energy savings costs, while, for a

traditional system with distributed boilers and furnaces, this number is only 31%.

As mentioned, the construction and operation of the system provides jobs for workers from the local and surrounding

communities. The money from their paychecks, in turn, stays in the local community buying local goods and services.

This “multiplier effect” thus has an impact at the local and regional levels. At the local level, the U.S. Department of

Commerce estimates a dollar spent locally will be recycled three times in urban areas.

Keeping the money in the local economy also has a strong positive effect on the �nancing of local government through

sales and income taxes. A construction and maintenance worker in the DE/HP system will pay income tax and then

spend the money on goods and services. A substantial portion of the worker’s income goes to items that are taxed, and

these revenues �ow to the local government. And even for non-taxed items, such as groceries, the workers’

expenditures go in part to the store clerk’s salary, which is taxed, and then to the fraction of his or her purchases, which

are also taxed. Of course, the fraction of each original dollar that remains to be taxed is smaller at each step in the

iteration, but the result is still a much more substantial contribution to the local government’s �nances than might be

apparent at �rst glance. The DE/HP project will be combined with and serve as a stimulus to other economic

development projects in city downtown, including commercial development and affordable housing.

Most reconstruction and new developments in a city can be combined with the installation of a DE/HP system. The

municipal government goals can be combined with electric utilities’ desire to increase of electric sales for heat pump

operation.

The DE/HP piping and electric cables installation can be combined with other municipal projects, like potable water and

sewer replacement or repair. In some cities, the DE/HP-related work could be combined with separation of sanitary and

storm sewer system work, providing substantial savings in the costs of opening streets and �nancing integrated

projects, which is more ef�cient than doing it for a collection of nominally unrelated activities. And, the reliable, cost-

effective energy supply and environmental bene�ts inherent in the DE/HP system can serve as an inducement to join in

the urban redevelopment effort.

For example, the extensive experience with DE systems in the NYS cities demonstrated the following advantages:

The cities’ economies bene�ted substantially from the development of the DE systems;

The cost of energy of the customers was reduced;

The cities' environments were improved; and

The cities’ revenue was increased by the payment of the lieu of taxes by the DE system.

For example, during the system operation, the district heating customers of Jamestown experienced a cumulative

savings of $16 million from participating in this system instead of operating their individual equipment. The reduction

in energy cost in Jamestown helped to attract new business and made it easier for existing customers to remain in

business and expand. Moreover, the increase in business pro�tability and consumer purchasing power, which results

from lower energy costs, stimulated business investment and consumer spending and furthered employment growth.

FIGURE 2: A map illustrating Jamestown, New York’s district heating customers.

Local and Regional Employment Increases
The local and regional employment is stimulated both on a short-term basis during construction and continually over

the life of the project. The job skills required for DE/HP system construction include wells drilling, piping installation,

construction and assembly, and straightforward labor. These skills are available and even in surplus in the local

municipal labor market.

While imported energy supplies also contribute to some economic activity, investment in cost-effective DE/HP systems

reduce economic leakage, as more dollars are retained in the economy, thereby increasing discretionary income within

the city. Savings that result from DE/HP systems can be used to foster additional business and consumer investment as

well as to increase consumer spending for non-energy-related products and services, some of which create additional

new jobs in the city. In addition to the jobs created by spending of energy savings, jobs are created by the purchase and

installation of new equipment to the extent that the equipment or its components are manufactured in the city or state

and installed by city labor.

The permanent jobs created can be estimated using the following methodology: Every clean energy construction job

investment of $92,000 creates one permanent direct job3. The above referenced document also indicates that $1

million investment creates �ve indirect jobs and 0.4 (direct and indirect jobs) induced jobs.

While the direction of the net job creation from investing in energy ef�ciency is clear, the precise number of jobs

created is highly site- and industry-speci�c and very sensitive to assumed parameters regarding business and consumer

spending patterns, payback periods, and useful life spans of the technologies installed.

Energy Programs Promoting Economic Development
The population of the state of New York is steadily shrinking as a share of the national total, and the biggest reason for

the trend has been a heavy out�ow of New Yorkers to other states. In line with a long-term pattern, the Empire State

has lost a net 1.4 million residents to the rest of the country since 2010, including nearly 181,000 in 2018-2019 alone,

according to the latest annual Census Bureau estimates. The statistics shows New York boasts the largest amount of

outmigration of citizens of any state.

New York’s government has taken a number of steps to make the state more attractive to businesses by reducing state

taxes, providing incentives to lower local taxes, and modifying or removing certain regulations that hinder business

productivity and economic growth. New York’s success in working with businesses that could relocate or expand

frequently depends on the availability of low-cost energy offered by energy providers and state-sponsored programs.

For many years, the cities like Jamestown, NY fostered economic growth by providing low-cost electricity and thermal

energy to commercial, industrial, and residential customers and establishing economic development zones pursuant to

state law. Many cities have designed economic development programs to suit the needs of their particular customers by

offering varying levels of discounts from the standard energy rates. These programs are designed to encourage

business retention and expansion, and to encourage new business to expand while preventing rate increases for

remaining customers that might otherwise be necessary if the participating customers were to leave the city.

NYSERDA’s research and development programs encouraged economic development by improving energy ef�ciency,

reducing greenhouse gases, promoting New York State-manufactured energy and environmental products, and

maximizing the contribution of the state’s renewable and indigenous energy resources. These objectives were achieved

by creating a partnership with cities and towns to advance development of DE systems as well as facilitate and transfer

new technologies into the marketplace.

How to Start the Development
The development of the DE/HP system needs a project champion. The easiest implementation option — municipal

control of the DE/HP system — should be used as an economic development tool by the city to attract customers. The

successful development of the DE/HP system in a city or town is the result of a well-coordinated effort, starting with

the system’s conception to its operation and growth. The system should be implemented in stages, starting with a pilot

project that is used as a marketing vehicle, demonstrating the system’s bene�ts, savings, and reliability. A coordinated

effort among the mayor’s of�ce, the economic development department, and an experienced DE consultant will produce

an effective marketing campaign. Meetings and advertising should create a public awareness, which eventually will lead

to extensive community participation.

Municipalities should support the development of DE/HP systems and the cost-effective energy improvements in

existing commercial and multifamily residential buildings. During the system development, a variety of efforts could be

undertaken:

Preparation of the initial state and federal grant applications that provide resources for the study and

establishment of the DE/HP system’s feasibility;

Procurement of community development block grant (CDBG) resources that enable the beginning of system

implementation;

Providing assistance to commercial, industrial, and multifamily residential property owners for retro�tting their

facility for use of DE/HP. Low-interest revolving loan funds can be established through not-for-pro�t local

development corporations (LDCs). A commercial energy incentive program focused in the city’s downtown area

DE/HP system conversation program could be developed and used;

The city’s public assistance can be packaged for the redevelopment of vacant, former industrial warehouse

buildings. As a condition of receiving this assistance, the for-pro�t developer of the property will agree to connect

to the DE/HP system;

A number of agreements with new customers to construct new facilities on publicly controlled inner city sites

through the urban renewal agency could be used. As a condition of receiving the attractive package of property

relocation assistance and low-interest �nancing, the companies should agree to utilize the city’s DE/HP system as

their primary source for energy;

When the city is assisting the downtown development corporation to develop some city properties as a condition

of funding assistance, there should be a connection to the DE/HP system; and

Public housing and city and county buildings could be the �rst customers of the DE/HP system.

As may be seen, the city can be actively involved in promoting and using the DE/HP system as an important economic

development tool for the community.
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FEATURE

Application
Considerations for

Bringing Liquid Cooling
to Air-Cooled Data

Centers
As more organizations seek to leverage the power of AI, more data centers will need

to support high-density racks.

By John Menoche

Liquid cooling is at a pivotal point in its evolution as it moves out of its niche in high-performance computing (HPC) and

into a growing number of data centers. This trend is being driven by the high-density racks required to support arti�cial

intelligence (AI) and other latency-sensitive and processing-intensive business applications. With equipment racks

supporting these applications now routinely exceeding 30 kW, engineers charged with ensuring thermal management

are facing the limits of air as a heat-transfer medium.

Air-cooling systems have adapted to rising rack densities through increased system ef�ciency, moving cooling closer to

the source of heat and employing containment. But these approaches deliver diminishing returns and suffer reduced

ef�ciency as rack densities rise above 30 kW.

Liquid cooling offers an effective and ef�cient solution. Through its various con�gurations, liquid cooling improves the

performance and reliability of high-density racks, often at a lower cost of ownership than air-cooled systems. However,

introducing liquid cooling into an air-cooled facility presents a number of design challenges that must be navigated to

ensure a successful deployment.

Figure 1: As rack densities rise, liquid cooling becomes essential to ensuring reliability and performance.
 Images courtesy of Vertiv

Liquid-Cooling Fluid Selection
There are three main types of liquid-cooling technology being used today: rear-door heat exchangers, which use an

indirect approach, and direct-to-chip cold plates and immersion cooling, which are considered direct forms of liquid

cooling. A variety of “liquids” are used in these systems depending on the technology being employed, whether a single-

or two-phase process is being used, and the required heat capture capacity of the �uid. For a review of liquid-cooling

technologies, see the Vertiv white paper, Understanding Data Center Liquid Cooling Options and Infrastructure

Requirements.

Fluid selection is an important decision that should be made as early in the design process as possible. Different �uids

have different costs, thermal capacities, and chemical compositions that must be considered when selecting materials

and designing the distribution system. Service and maintenance requirements also vary based on the �uid selected, and

these also need to be accounted for in the design.

Nonconductive dielectric �uids can be used in direct-to-chip cooling and are required for immersion cooling. These

�uids eliminate the potential for equipment damage from a �uid leak but are expensive and may have environmental,

health, and safety considerations, so similar risk-mitigation strategies should be employed with these �uids as when

using water or a water/glycol mixture.

Figure 2: Relative heat capture capacities of select mediums.

Source: Open Compute Project’s Design Guidelines for Immersion-Cooled IT Equipment

Plumbing System Design
Any material that is in contact with the �uids used must be con�rmed for wetted material compatibility based not only

on the speci�c chemical composition of the �uid but also on system temperatures and pressures. Fittings should get

extra scrutiny in the material selection process, as poorly designed �ttings can represent a weak spot in the �uid

distribution system. Quick disconnect �ttings are generally recommended to enable serviceability, and shutoff valves

should be designed into the system to enable �tting disconnection and leak intervention.

Signi�cant experience has been gained regarding material compatibility and �tting design through the many liquid-

cooling deployments in HPC applications, some of which have now been in operation for more than 10 years. This

experience can prove valuable when designing a liquid-cooling system today and is shared in a white paper published by

the Open Compute Project. It’s also smart to seek out vendors and contractors with experience in liquid cooling beyond

the technology used in the equipment rack.

For raised-�oor data centers, poorly planned piping runs can create obstructions in air�ow. Computational �uid

dynamics (CFD) simulations should be used to con�gure piping to minimize the impact on air�ow through the �oor. In

slab data centers, piping is generally run over aisles and the supported ceiling structure, with drip pans under all �ttings

to minimize the potential impact of leaks.

Plumbing system installation also requires careful planning. Whether plumbing is running under�oor or overhead,

installation has the potential to disrupt existing data center operations. A phased approach to deployment can minimize

this disruption. In colocation, for example, operators are adding plumbing to one or two suites to meet initial demand

with plans to expand to additional suites as demand increases. The same approach is being employed in the enterprise

where a corner section of the data center may be devoted to liquid-cooled racks with plans to expand in the future.

FIGURE 3: Rear-door heat exchangers are available in active (left) and passive (right) designs and are often chosen for use in air-cooled data centers.

The Secondary Cooling Loop
When supporting liquid cooling, the best practice is to establish a secondary cooling loop in the facility that allows

precise control of the liquid being distributed to the rack. The key component in this loop is the cooling distribution unit

(CDU).

CDUs deliver �uid to liquid-cooling systems and remove heat from the �uid being used. By separating the liquid-cooling

system from the facility water system, the CDU provides more precise control of �uid volumes and pressure to

minimize the potential impact of any leaks that may occur. They can also maintain supply temperature above the data

center dew point to prevent condensation, which can trigger false alarms in leak detection systems and corrosion on

uninsulated or poorly insulated plumbing.

For smaller projects, a CDU with a liquid-to-air heat exchanger can simplify deployment, assuming the air-cooling

system has the capacity to handle the heat rejected from the CDU. In most cases, the CDU will use a liquid-to-liquid

heat exchanger to capture the heat returned from the racks and reject it through the chilled water system. While CDUs

can be positioned on the perimeter of the data center, most units are designed to �t within the row so they can be in

proximity to the racks they support.

Balancing Capacity Between Air- and Liquid-Cooling Systems
When planning a liquid-cooling deployment in an air-cooled data center, it’s necessary to determine how much of the

total heat load each system will handle, how much air-cooling capacity the liquid system will displace, and where liquid

cooling may be introducing new demands on the air-cooling system.

In most applications, some air-cooling capacity is required to support the liquid cooling system — only immersion

cooling systems can operate with minimal support from air cooling. The immersion tanks’ supply and return piping will

radiate some heat, which needs to be removed to keep the room at set point. Direct-to-chip cold plates are typically only

installed on the main heat-generating components within the rack — central processing units (CPUs), graphics

processing units (GPUs), and memory — and can only remove between 70%-80% of the heat generated by the rack. In a

30-kW rack, this means 6-9 kW of the load must be managed by the air-cooling system. Rear-door heat exchangers can

remove 100% of the heat load from the rack, but, because these systems expel cooled air into the data center through

the rear of the rack, the air-cooling system must have the capacity to handle the full heat load of the rack during periods

when the rear door is open for maintenance.

Leak Detection and Mitigation
A leak-detection system should be considered an essential component of every liquid cooling system and should be

integrated into the system design. The robustness of a particular system can be tailored to an organization’s comfort

level with liquid cooling technology and risk tolerance.

Some organizations rely on indirect methods of leak detection in which pressures and �ow are monitored across the

�uid distribution system, and small changes in these precisely controlled variables are considered indicative of a

potential leak. More commonly, direct leak-detection systems are employed. Using strategically located sensors, or a

cable that can detect leaks across the distribution system, these hardware systems trigger alarms when �uids are

detected, enabling early intervention.

The key to successful leak detection is minimizing false alarms without compromising the system’s ability to detect

actual leaks that require intervention. Your infrastructure partner can help con�gure and tune the leak-detection

system to your application. Intervention is usually performed manually, but automated intervention systems are

available. In an automated system, the control system triggers appropriate responses when a leak is detected, such as

shutting off liquid �ow or if the leak is close to the rack, powering down IT equipment.

The Hybrid Data Center
As more organizations seek to leverage the power of AI, more data centers will need to support high-density racks.

Liquid cooling offers a viable approach to protecting the performance and availability of the applications those racks

support, and hybrid air- and liquid-cooled data centers will become more common. Liquid cooling does, however,

introduce a new set of challenges in data center design, and experience deploying liquid cooling in air-cooled facilities is

still somewhat limited. In the early stages of the move to hybrid air- and liquid-cooled data centers, it is particularly

important to work with vendors and contractors that have a proven track record in liquid cooling.

John Menoche
John Menoche, solutions architect, Vertiv.
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AMPLIFY Overhead Fans with Northern Light Technology – Greenheck
Greenheck has incorporated the patented Northern Light® UV-C technology into its line of AMPLIFY™ overhead high-

velocity, low-speed (HVLS) fans today.

“We’re excited to add this technology to our AMPLIFY overhead fans,” said Tim Busby, general manager, fans,

Greenheck. “This applied innovation will truly make a difference in indoor spaces.”

AMPLIFY with Northern Light’s unique, patented design combines the air-cleaning bene�t of upper-room UV lighting

with the air circulation capabilities of overhead fans. Upper-room UV lighting systems (also known as UVGI) have been

used for decades to help control airborne pathogens in medical facilities and are recommended by the CDC, ASHRAE,

and other organizations as part of a multilayer strategy to reduce the risk of COVID-19 transmission. The addition of

air movement has been shown to increase UV-C’s effectiveness.

Greenheck 
 www.greenheck.com

BLAZE Laser Measures – Bosch Power Tools
Bosch Power Tools introduced the newest generation of its BLAZE™ Laser Measures, equipped with 11 different

measuring functions and a range up to 65 feet.  

Built for complete durability with full, rubber-overmold housings protecting every impact point and IP65 ratings, this

second generation of BLAZE laser measures is made to withstand tough conditions in applications from HVAC,

concrete masonry, woodworking, and more. BLAZE brings dual power source to laser measuring world — these tools

are powered by two standard AA batteries or the GLM-BAT (Lithium Ion battery pack) extended runtime. 

Bosch Power Tools 
 www.boschtools.com  

 

Single-Phase Design Envelope Pumps – Armstrong Fluid Technology   
Armstrong Fluid Technology introduced a new version of its Design Envelope pump to serve light-duty installations

where the available power is single phase.

"Many light-commercial and residential buildings use single-phase power and some mechanical rooms ‘step down’

three-phase power to make single-phase power available,” said David Lee, program manager, product development,

Armstrong Fluid Technology. “These new pumps provide a practical and economical solution for those installations.”

The new Design Envelope pumps are now available for use with single-phase power (200-230 V) from 1/3-2 hp and,

for increased reliability, are built to a design standard carried over from commercial pumps. In addition, because the

mechanical room piping for light-duty �uid-�ow applications is often installed vertically, these new single-phase pumps

can be installed and operated in vertical piping.

Armstrong Fluid Technology 
 https://armstrong�uidtechnology.com 

 

XRGI25 Micro CHP – Lochinvar
Lochinvar’s XRGI Micro CHP produces heat and power form the same fuel source. Using an internal combustion

natural gas engine, Micro CHP (< 50 kW/hr) XRGI25, is designed to be an ef�cient and easy-to-install system intended

for light commercial use.

Leveraging natural gas as fuel, a facility with a cogeneration system produces energy-ef�cient heat for domestic hot

water and electricity to reduce energy consumption.  
 The XRGI25 operates at 24 kW power and 163,000 Btu heat. The unit supports grid reliability, and its low emissions

are designed to reduce carbon footprint.    
 

Lochinvar 
 www.lochinvar.com/products/micro-chp/xrgi  

 

Single-Zone Halcyon Mini-Split Heat Pumps – Fujitsu General America
Inc.
Fujitsu General America Inc. expanded its Halcyon single-zone mini-split heat pump lineup with new slim duct and

compact cassette indoor unit models.

The new light commercial systems, available in 9,000-, 12,000-, and 18,000-Btu capacities, have coils made of high

corrosion-resistance copper (HCRC) to provide great durability. An enhanced controls platform provides multiple

control options to optimize comfort and energy savings.

Installation, service, and end-user interface is easier than ever. The systems feature a custom auto function, external

input/output connectivity, two-wire remote compatibility, and dual UART communication ports (Wi-Fi, BACnet, external

input/output [I/O], etc.). Simultaneous connection of wired remote controller, Wi-Fi adapter, and external I/O board is

simple. Service monitoring is conducted through a new touch panel controller. Maximum line set lengths have been

extended; up to 98 feet total piping length for 18,000-Btu systems.

The new, compact units offer sound levels as low as 24 dBa. Slim-duct systems feature a modular design that’s �eld

con�gurable for vertical or horizontal installation with bottom or rear return.
 

Fujitsu General America Inc.  
 www.fujitsugeneral.com  

AJR-Q Axial Impulse Jet Fan – Systemair
The AJR-Q is the newest addition to Systemair’s AJR Series of Axial Impulse Jet Fans, which are designed to optimize

sweep ventilation systems and reduce costly exhaust ducting in enclosed and underground parking garages. Using the

combined performance factors of air�ow, thrust, throw, and induction, the AJR fully implements an extraction

ventilation strategy to more effectively reduce CO levels compared to traditional garage ventilation designs.

The new AJR-Q addresses the most common challenge of Axial Jet Fans by reducing objectionable fan and air�ow

noise while improving performance. The innovative design increases air�ow and thrust while achieving up to 9%

reduction in sound pressure (dB, LpA) measured at 10 feet of distance. 

SystemAir 
 www.systemair.com

EasyHeat Slab Heating System for Suspended Concrete Floors –
Emerson Automation Solutions
Even when properly insulated, concrete �oors suspended over cold spaces will lose up to 80% of their heat. As heat is

lost through the �oor, it puts a costly strain on HVAC systems that heat structures, such as enclosed pedestrian

bridges, transformer rooms, shipping facilities, and parking garages.

To reduce utility expenses and HVAC maintenance requirements, Emerson has introduced its new EasyHeat™ Elevated

Slab Heating System. Comprised of self-regulating or mineral-insulated heating cables, power distribution controls, and

accessories, the system comes ready to mount on the underside of a concrete slab with strapping to securely hold it in

place. Insulation and a cosmetic ceiling �nish are then installed to protect and hide the system from view. Cable is

arranged in a serpentine pattern to achieve uniform heat distribution.

The system is designed to keep concrete �oors at or near room temperature, eliminating the chill and taking signi�cant

strain off of HVAC systems. Besides reducing utility and maintenance costs, warm concrete �oors make it far more

comfortable for people within the structures, including those traveling on skywalks between gates at airports or those

locating their cars in underground garages, among others. 

Emerson Automation Solutions  
 http://www.appleton.emerson.com/en-us/easy-heat 

 

1-Click Capture Feature for Fast Site Survey App – EMPEQ
Empower Equity (EMPEQ) launched its 1-Click Capture™ feature in the Fast Site Survey™ app, a �rst-of-its-kind

arti�cial intelligence (AI) technology. With a single click of a smartphone camera, 1-Click Capture automatically

captures equipment information and digitizes data into virtually any cloud-based modeling software. 1-Click Capture

upgrades EMPEQ’s software using Intelligent Equipment Identi�cation technology, further increasing ef�ciency and

accuracy in equipment energy audits.

Through EMPEQ’s Fast Site Survey app, EMPEQ customers have seen a 60%-80% reduction in time required to

perform routine building audits and equipment inventories. Previously, app users had to take individual pictures for

each data �eld, requiring multiple photos to catalog just one piece of equipment. 1-Click Capture requires only one step:

taking a photo that captures data to be exported into an editable PDF, spreadsheet, or reporting software. 
 

EMPEQ 
 www.empeq.co  
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Tomorrow's Environment

The HVAC Industry Is Healthy
and Growing  

We must continue to encourage diversity and foster new talent throughout the industry if
we are to drive the built environment to new heights.

By Howard McKew, P.E., FASHRAE

SCROLL

So, here we are — 2022 has �nally arrived. I am optimistic this year will be much healthier than the previous two, and

with this new healthy start, we can be glad to say the HVAC industry is also doing much, much better. The economy is

on an upswing after the devastating shutting down of most workplaces, construction sites, and manufacturing plants in

2020 and the starting and stopping of businesses in 2021. COVID-19 taught all of us in the building industry that we

have a lot more work to do to make building occupants safe and ensure facilities are healthy. We also have a renewed

commitment to contribute to the preserving of our environment for the generations to follow us. And, this month, we

are welcoming the magazine’s fourth class of 20 to Watch: Women in HVAC contest winners.

To help keep occupants safe, ASHRAE has pulled together a roster of experts in the building and health care industries

and formed the ASHRAE Epidemic Task Force (ETF). I recommend you check out the ETF’s website if you haven’t

already.

The ETF focused on the immediate needs to combat COVID-19 with “building readiness information" followed by the

topic “epidemic conditions in place (ECiP)” and “post-epidemic conditions in place (P-ECiP)” documents. A wealth of

useful information has been created by the ETF along with others supporting the group’s mission to make buildings safe

and healthy.

I’d also recommend you continue to read Dr. Stephanie Taylor’s “Building Health: A Physician’s View” column each

month in Engineered Systems. Dr. Taylor (who is a member of the ETF) boasts master’s of architecture and MD degrees,

which grant her a great deal of knowledge in keeping building environments safe and healthy.

To continue to contribute to the preservation of the environment, there are several locations on the internet, including:

ASHRAE Technical Committee 2.5 for Global Climate Change;

2015 Paris Agreement to Preserve the Environment;

United Nation Environment Programme; and

World Meteorological Organization.

Image courtesy of Pixabay

The fourth class of 20 to Watch: Women in HVAC contest winners continues to spotlight a select few of the many

women who contribute to the continuous improvements in the HVAC building industry. This class includes consultants,

design engineers, contractors, service technicians, facility operation and maintenance technicians, educators,

researchers, equipment manufacturers, and business owners. Read the article in this issue to see who has been selected

in this year’s class of winners.

We must continue to encourage diversity and foster new talent throughout the industry if we are to drive the built

environment to new heights. Technology is forever evolving, and we must keep pace with change to go all out for

optimum occupant comfort and health as well as to stop global warming before it is too late and the coming generations

are left with the problems we and those who came before us created.

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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