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Editor's Note

By Herb Woerpel

The Politics of Pollution
Vermont’s Clean Heat Standard – a paragon of climate change legislation – is

defeated by one vote.

SCROLL

Through the power of one vote, Vermont's pursuit of Clean Heat has faced defeat.

Vermont’s Clean Heat Standard (H.715) — legislation designed to transition fossil fuel corporations and utilities selling

heating fuels away from carbon-intensive building heating practices to lower carbon alternatives — was vetoed by Gov.

Phil Scott on May 8, despite gaining approval from the state’s House of Representatives (96-44) and Senate (via a voice

vote). In a written statement, Scott said his decision hinged on uncertainty regarding the bill’s economic impact.

“As governor and elected of�cials, we have an obligation to ensure Vermonters know the �nancial costs and impacts of

this policy on their lives and the state’s economy,” he said. “Signing this bill would go against this obligation because the

costs and impacts are unknown.”

An effort to override Gov. Phil Scott's veto of the clean heat standard bill failed by one vote Tuesday in the Vermont

House. Following that tally, House lawmakers declared they will not further pursue the passage of the bill during this

legislative session.

Clean Heat Standard
The Clean Heat Standard was created by the Vermont Climate Council to help keep the state in line with Global

Warming Solutions Act requirements. Fossil fuel suppliers would be able to meet the performance standard either by

selling cleaner heating fuels or by paying for work done by others that helps residents use clean heating options (such

as weatherization, heat pumps, advanced wood heat, etc.). The goal of the Clean Heat Standard is to both reduce climate

pollution and reduce costs of home and building heating over time.

The standard would have essentially created a marketplace where fossil fuel wholesalers and importers would buy or

generate so-called “Clean Heat Credits” in proportion to the amount of climate-warming emissions their products

generate.

The bill had been deemed by many as the most important piece of statewide legislation Vermont lawmakers will

undertake this year and an important piece in the national climate change regulatory puzzle.

Photo by Gautam Krishnan on Unsplash

For or Against?
In the wake of Gov. Scott’s veto, numerous politicians and associations have sounded off regarding the bill’s fate.  

“Gov. Scott’s veto of the Clean Heat Standard, and the legislature’s narrow failure to override, is irresponsible and

shortsighted,” said Johanna Miller, energy and climate program director at Vermont Natural Resources Council.

“Vermont has a moral obligation and a tremendous economic opportunity to put Vermonters to work in well-paying

jobs and gradually untether us from our costly reliance on imported, polluting, and price-volatile fossil fuels. With

numerous opportunities for public input built into the bill to help re�ne the policy, plus an af�rmative legislative vote

before the program would’ve been implemented, these actions call into question Vermont’s ability to do what we will

need to do on climate before it’s too crushingly late and costly for people and the planet.” 
 

Neale Lunderville, president and CEO, Vermont Gas Systems Inc. (VGS), shared his support during a Jan. 19 session of

the Vermont Climate Solutions Caucus. 
 

“We understand that natural gas contributes to climate gas, and we also acknowledge that we have to do something

about it,” he said. “Moving toward our shared climate vision is a key part of what VGS is doing as a company. We want to

make sure our 55,000 customers continue to get safe, reliable, and affordable service, but it also needs to be green —

really green, so that we’re truly reducing our customers’ carbon footprints. We appreciate that the legislature has

provided a predictable course for our customers — one that we and they can plan on and account for. The CHS does

that.” 
 

In an op-ed published on VTDigger.org, Meg Hansen, president of the Ethan Allen Institute, a policy research and

educational nonpro�t organization, opposed the bill, claiming its passage would directly penalize the middle class.  
 

“The question that the Vermont Climate Council and legislators are attempting to answer, using schemes like the Clean

Heat Standard, is not, ‘How do we heat homes and power cars without fossil fuels?’ Rather, it is, ‘How do we get most

Vermonters to live in smaller homes and drive fewer cars?’" she said. “How will bio-alternatives reduce consumption?

By shuttering local companies and forcing middle-income workers and families to downsize or leave the state.

Ultimately, the Clean Heat Standard will raise carbon emissions and deepen Vermont’s shameful chasm between the

wealthy and welfare-dependent.” 
 

The Clean Heat Standard’s failure, combined with the absence of any clear policy or regulatory tool to achieve

necessary pollution reductions, places Vermont in a precarious legal position. Without a regulatory tool guiding its

energy evolution, the state is lacking any direction to meet its self-imposed legal greenhouse gas reduction

requirements for 2025 or 2030. This lack of progress could very well open Vermont up to a lawsuit.

Veto Power
This column is not intended to debate the merits or worthiness of the Clean Heat Standard. Most energy engineers tend

to support energy ef�ciency measures on principle alone. The question here, given the state's need to meet law-binding

climate-related metrics, is whether Gov. Scott’s veto was warranted or not?  

Scott, in his veto letter, stated that he has “clearly, repeatedly, and respectfully asked the legislature to include language

that would require the policy and costs to come back to the general assembly in bill form so it could be transparently

debated with all the details before any potential burden is imposed." 
      

 Assuming Scott’s statement holds true, and the proper economic report was not provided, his decision is warranted,

right? Vermonters expect and deserve to know the economic impact of a bill before it's signed into law. That's how

responsible lawmaking and governing is conducted — at least in theory.

On the �ipside, will the legal fees and toll of climate stasis supersede the Clean Heat Standard's "unknown" price tag?

What do you think? Was Scott's veto justi�ed? Should a system of checks and balances afford one person the ability to

shut the entire show down, regardless of the reasoning? Given the country’s widening partisan divide, is Vermont’s

situation an anecdote for what’s to come nationwide? Let me know, as I’d love to hear your take on the situation.  
 

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

The Updated ACG Building Systems
Commissioning Guideline Is Now Available

SCROLL

WASHINGTON — The AABC Commissioning Group (ACG) released the “ACG Building Systems Commissioning

Guideline.” The digital publication, organized by speci�c types of building systems, offers insight and strategies from

experienced commissioning providers on a variety of topics and is designed to help providers execute the ASHRAE

Standard 202 commissioning process effectively and ef�ciently while overcoming common challenges encountered in

both design and �eld settings.

“The ‘ACG Building Systems Commissioning Guideline’ is a major leap forward, not only in its depth and breadth of

information but also in offering providers actionable guidance on implementation,” said Jim Magee, CxA, EMP, ACG

guideline chair. “The new edition tackles the what; when; who; and, most importantly, the how.”

The ACG Commissioning Guideline was �rst published by AABC in 2002 and then updated and republished three

years later as the ACG Commissioning Guideline by the newly independent AABC Commissioning Group. The ACG

Commissioning Guideline of 2005 has been widely recognized as a valuable resource that explains the commissioning

process properly and concisely. The building systems commissioning industry has evolved and expanded in the 17 years

since ACG released its guideline.

“The move to a more systems- and best practices-oriented approach — and a digital, easily updated delivery format for

the all-new guideline — re�ects the evolution of our dynamic discipline of building commissioning,” said Troy Byers, P.E.,

CxA, president, ACG. “The release of the new guideline is both the capstone of a three-year effort by dedicated

volunteers and the beginning of an ongoing process to keep the content fresh for years to come.”

U.S. Green Building Council Names Lisa
Revitte COO

WASHINGTON — The U.S. Green Building Council (USGBC) announced Lisa Revitte has joined as chief operating

of�cer, supporting both USGBC and Green Business Certi�cation Inc. (GBCI). In this newly created role, she will

support business leaders in a variety of areas, including facilities, �nance, human resources, legal, and technology.

“Lisa is an outstanding complement to our global leadership team,” said Peter Templeton, president & CEO, USGBC and

GBCI. “I am con�dent in her ability to help strengthen the capabilities and performance of our organizations as we work

to address urgent challenges facing our communities worldwide. It is an important time for USGBC and GBCI, and

having an experienced COO is vital as we continue to pursue our mission at even greater speed and scale. Lisa’s

expertise will be fundamental as we seek to transform USGBC’s strong legacy of leadership into the platform of

partnership, collaboration, and innovation we need to advance a prosperous and equitable future.”

Revitte has 20 years of operations experience and served as the COO for the Brady Campaign to Prevent Gun Violence

and, most recently, held the same position at FOX Architects LLC. Prior to that, Lisa served USGBC and GBCI from

2006-2014 in various capacities, including director of operations for GBCI and director of enterprise performance for

USGBC and GBCI. Lisa brings a wealth of knowledge in managing �nance, human resources, technology, compliance,

and project management. Lisa holds an MBA from George Washington University and a bachelor’s degree from the

University of Michigan.

USGBC and GBCI are currently conducting a strategic review to act on opportunities for improvement across our

programs and operations. The new COO role is an important element in the success of these efforts. The review will

ensure the organizations are well positioned to scale our work to support unprecedented public and private sector

commitments to advancing health, decarbonization, equity, and other ESG goals through green building.

Salas O’Brien Acquires Nelson Engineering

SANTA ANA, Calif. — Florida-based Nelson Engineering has joined Salas O’Brien, strengthening the �rm’s expertise

with federal clients and creating a combined �rm of more than 50 of�ces, 1,500 team members, and 360 registered

professionals.

The Nelson team’s capabilities and portfolio complement Salas O’Brien’s existing work in the science and technology

and federal government markets. The merger increases the �rm’s ability to provide comprehensive, integrated,

multidisciplinary engineering services.

As the next step in Salas O’Brien’s strategy to be local everywhere, with international resources, the Nelson team will

continue to be managed by its current leaders and will adopt the Salas O’Brien name after a transition period. 

The merger closed on April 15, and news was shared recently with both the Nelson and Salas O’Brien teams. 

“Nelson Engineering brings an impressive project portfolio and impeccable client reputation,” said Srini Neralla,

managing principal and leader of Salas O’Brien’s federal services. “We are excited to see this talented team of

professionals grow within Salas O’Brien, and we look forward to all we will accomplish together.”

Salas O’Brien continues to grow as part of an ambitious plan to create one of the most respected engineering �rms in

the world, as measured by our clients and team members. Nelson represents the third merger in 2022 for Salas

O’Brien.

“Salas O’Brien, like Nelson, is focused on creating a rewarding professional environment with no limits on career

growth and success,” said Shad Wilson, senior managing director for Nelson Engineering. “We are excited to build upon

our legacy of success in the federal sector and continue our precedent of an engaged workforce that emphasizes client

value �rst and foremost.”

Co�man Engineers Announces New Board
Director and Shareholders

SEATTLE — Coffman Engineers Inc. announced a new board director and six new shareholders at the annual

shareholder meeting held on March 17.

Scott Twele, P.E., was elected as a board director, and reelected directors Arvind Nerurkar and Brion Wise will serve

another term. Twele is the California regional manager, the San Diego of�ce managing principal, and a �re protection

engineer.

"Scott is a respected engineer with a deep commitment to our business and culture,” said Dave Ruff, P.E., CEO and chair,

Coffman Engineers Inc. “He is a welcome asset to the board, and I look forward to his energy and ideas. I also want to

thank Dave Gardner for serving as a director for more than 10 years. We owe him huge thanks for his signi�cant

contribution to our success."

Coffman's new shareholders include James Chen, P.E.; Christopher Haight, P.E., SE; Renato Molina, P.E.; Nicholai Smith,

P.E.; Brian Walkenhauer, P.E., SE; and Rob Wasserman, P.E., SE.

"Congratulations to Coffman's new shareholders,” said Ruff. “It is critically important to strengthen and grow our

leadership team companywide with fresh energy and perspectives. We are fortunate to have their continued

commitment to the success of our clients and company.”

James Chen, P.E., is an electrical engineering discipline manager and the Raleigh of�ce operations manager. In addition

to consulting, he has helped grow Coffman's business throughout the Tar Heel State.

Christopher Haight, P.E., SE, is a structural engineer and the Orange County of�ce operations manager. He combines

his knowledge in local building design and experience working abroad to lead and manage the growing of�ce.

Renato Molina, P.E., is a �re protection engineer and the D.C. Metro of�ce operations manager. His of�ce leadership and

experience in the �re protection industry have been instrumental in establishing Coffman's presence throughout the

region.

Nicholai Smith, P.E., is an electrical engineer in Coffman's Anchorage of�ce and leads commercial and industrial design

projects. He is the electrical department lead for key oil and gas clients.

Brian Walkenhauer, P.E., SE, is a structural engineer and the Burlington of�ce operations manager. His design

background includes commercial, industrial, military, and complex seismic retro�t projects.

Rob Wasserman, P.E., SE, is a project management professional and civil and structural engineer in Coffman's

Anchorage of�ce. He specializes in industrial projects, including petroleum, lique�ed natural gas, re�neries, and

terminals.

Ron Zawadzki to Lead
Building Technology
Systems at WSP USA

IRVINE, Calif. — Ron Zawadzki has been named the national practice leader for building technology systems (BTS) at

WSP USA.

In his expanded role at WSP, Zawadzki will foster growth within the �rm’s BTS team by augmenting the �rm’s specialty

services and mechanical, electrical, and plumbing (MEP) business lines.

Zawadzki arrived at WSP in 2021 when tk1sc — a 240-employee MEP “plus” engineering �rm based in Irvine — was

acquired by WSP. He started with Konsortium1 in 1999. By 2001, he was a partner, and in 2013, he and his two

partners merged with another �rm to create tk1sc. There, he was instrumental in developing an in-house technology

team that designed structured cabling, security, and audio-visual systems. His team handled a full spectrum of electrical

and technology designs, from medium-voltage campus electrical distribution to overhead paging and sound masking.

“Ron’s new role at WSP solidi�es the alignment between WSP and tk1sc and further develops our ability to not only

provide more skills and resources to clients but create growth opportunities for people within our �rm,” said Rick Rome,

WSP national business line leader, property and buildings. “The BTS �eld is undergoing rapid changes driven both by

building occupant needs and the drive to connect building systems to a converged IP network. Our clients will

appreciate having an all-inclusive partner in Ron and his BTS team that is capable of delivering projects – large and

small.”

Recently, Zawadzki has been managing the WSP technology systems design strategy and facilitated the technology

system integration for the green�eld construction of an all-electrical hospital project at the University of California at

Irvine's Campus Medical Center, designed to be one of the �rst facilities of its kind with the goal to achieve carbon

neutrality.

“We have just about every technology system represented on this project and we're working with the client to integrate

the building’s MEP systems, building technology systems, and health care technology systems using an integration

engine that fully leverages these systems to achieve those use-case goals,” Zawadzki said. “This effort has been a real

eye-opener on improving patient experiences and how we, as designers, can help reduce the workload on medical

professionals and hospital support staff.”

Je�rey J. Veness Receives 2022 B&W
Engineering Honors Award

AKRON, Ohio — Babcock & Wilcox (B&W) announced Jeffrey J. Veness has been named the 41st recipient of the 2022

B&W Engineering Honors Award. During his more than 48 years of service, Veness has exempli�ed a commitment to

engineering, integrity, mentorship, and professional excellence that has been a hallmark of B&W’s reputation since its

founding.

“Jeffrey’s contributions to B&W’s success over the years have been numerous and substantial,” said Brandy Johnson,

chief technology and engineering of�cer, B&W. “He is respected by coworkers and customers as an exceptional

engineer, a mentor, and an invaluable source of knowledge.

“Jeffrey exempli�es everything the B&W Engineering Honors Award stands for, and I’m tremendously proud to

recognize him for his contributions and achievements,” Johnson continued.

Veness graduated from Ohio State University with a bachelor’s degree in civil engineering in 1973. He began his career

at B&W as a design engineer in the company’s nuclear equipment division and construction operations. From 1977-

1989, he served as a construction technology and site engineer on high-pro�le thermal and environmental projects. He

transferred to �eld engineering in 1989, where he served as a resident service engineer from 1989 until 1992 and then

continued in �eld service. During his career with B&W, Veness has performed various assignments in support of

construction sites and developed strong, practical knowledge of the structural and mechanical aspects of boiler design.

As a respected mentor to coworkers and customers alike, Veness also has led various in-person and online technical

training sessions with a focus on boiler and equipment inspections. He also is recognized for his erection and structural

expertise and extensive knowledge of electrostatic precipitators, air heaters, scrubbers, and other thermal and

environmental technologies. Veness is a licensed professional engineer in Ohio and Indiana and was the 2005 recipient

of B&W’s Guy Funkhouser Award, which recognizes the company’s most outstanding �eld service employees.

The B&W Engineering Honors Award was conceived in 1983 to recognize individuals whose extraordinary long-term

contributions, commitment, hard work, and efforts have left an enduring mark of excellence on their colleagues, the

company, and its customers.

Table Of

Contents

June 2022



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, Mick Schwedler, 2021-2022 president, ASHRAE discusses the success of the Epidemic

Task Force; the need for diversity, equity, and inclusion within the society; the creation of a building decarbonization

task force; and much more in the latest installment of the Blueprint.

Engineered Systems: The society's theme for this year is “Personal growth, global impact, feed the roots.” Can you tell us

the meaning and the importance behind this phrase?

Schwedler: Sure. This was developed with the help of the president elect advisory committee. And, when you look at us,

whether you're in the media, a technician, a doctor, or taking care of waste disposal — we all need to grow and to learn

what we're doing. So, the �rst part of this is focused on personal growth. A lot of times, people think of engineering as

strictly a technical profession, but coming out of universities or technical schools, people also need to learn leadership

skills. They must know how to communicate, lead meetings, and prioritize elements. So all of that is enveloped in within

the personal growth.

And then, we, together and collectively, have tremendous global impact. I think we're going to talk about a few of those.

But if we look at what our world has been through in the last two years, our industry has never been more relevant or

essential. People learned what they needed to learn from a technical standpoint. And, following that, they’re able to get

it to the folks who needed it.

And, �nally, “feed the roots,” particularly for our more vintage individuals. But, young people can do this too. We all need

to grow, and somebody needs to help us. At some point, somebody took us under their wings, encouraged us, and

mentored us. That's why we’re where we are today. So, that's really a challenge to each of us, to �nd those who already

know and help feed their roots so they can grow personally. And we can have that tremendous global impact. So, it's a

wonderful circle, and it's been well taken in by our members and even those outside of ASHRAE.

Engineered Systems: You mentioned that these last two-plus years have certainly been challenging. And, while many

people have yearned to get things back to normal, you prefer to challenge the notion of what normal is, right?

Schwedler: What I really meant was to challenge the everyday line of thinking. Sometimes, when we say we want to get

back to normal, we realize that what we've had is extraordinary. And, let's not let that go away. But, rather than just

settling for normal or mediocre, let's get back to that extraordinary and then move on to the next extraordinary, using

the lessons we've learned from the last two years. Let’s expand upon with Chuck did with technology. Could any of us

even spell all the platforms we're using today to reach out throughout the world to do our day jobs? How do we use the

lessons we've learned the last two-plus years to move on to extraordinary? How do we put them into our day-to-day

work, and what do we do in order to make things much better than they were before? Sometimes, existence is painful

enough. So, out of that pain, let's �nd some great things to move forward with.

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 in�uential names.

In the latest episode, Gladys Yang, Associate, Mechanical Engineer, Stantec, shares her career story in this 20 to Watch:

Women in HVAC contest winner interview. 

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

CampusEnergy 2022: American
Universities Tackle Climate Change
Energy leaders from universities across the U.S. de�ne their schools’

efforts to mitigate climate change during the International District

Energy Association’s (IDEA’s) CampusEnergy 2022, Feb. 15-18 in

Boston.

See the video on Engineered Systems’ website.

Ambassadors of Ef�ciency
Twenty-�ve manufacturers’ reps were selected to represent �ve regions across the U.S. (Northeast, Northwest,

Midwest, Southeast, and Southwest) in Engineered Systems' inaugural Ambassadors of Ef�ciency contest. The winners

were announced in our May 2022 issue and may be viewed online by clicking here.
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Back 2 Basics

Boiler Replacement for College Using Design-
Bid-Build Project Delivery

This optimum boiler heating equipment selection and the project’s design intent document are based on the
analytical process outlined in ASHRAE Handbook 2020, Chapter 1, 'HVAC System Analysis and Selection'

SCROLL

Project Delivery Method: Design-bid-build (DBB)

Project Type: New infrastructure (central heating)

Owner Team: The college president, owner representative (consultant), project manager of capital projects, and facility

manager (in-house staff)

Project Delivery Team: HVAC engineer (lead consultant); plumbing, electrical, structural, �re protection, and security

consultants; a third-party commissioning consultant (CxC); and third-party testing, adjusting, and balancing (TAB)

technician

DBB Project Team: General contractor, project manager, mechanical-electrical coordinator, heating subcontractor,

automatic temperature control (ATC) subcontractor, and boiler service subcontractor

Application 2019 ASHRAE Handbook: Chapter 8, Educational Facilities, and Chapter 28, Power Plants

HVAC Systems and Equipment 2020 ASHRAE Handbook: Chapter 3, Central Cooling and Heating Plants; Chapter 13,

Hydronic Heating and Cooling; and Chapter 32, Boilers

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

Other References: ASHRAE Practical Guide to Seismic Restraints, ASHRAE Standard 202 (Commissioning Process

for Buildings and Systems), and 2021 American Society of Mechanical Engineers (ASME) Boiler and Pressure Vessel

Code. Refer to the codes and standards located in the back of each ASHRAE Handbook for additional reference.

DESIGN INTENT DOCUMENT (DID)
Heating Design Intent:

This optimum boiler heating equipment selection and the project’s design intent document are based on the

analytical process outlined in ASHRAE Handbook 2020 Chapter 1, HVAC System Analysis and Selection, and

includes the following:

Owner’s project requirements (OPR): building program goals and additional goals

Finalized system selection shall be to replace a 20-year-old �re tube boiler with a new hot water condensing

boiler to operate in series with two existing �re tube boilers

Controls shall include new system automatic controls interfaced with the existing building automation system

(BAS) controls, equipment-furnished controls, BACnet interface, internet interface, and populating new

equipment data into the existing computerized maintenance management software (CMMS) system from in-

house operation and maintenance (O&M) staff
 Program and Project Goals:

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

Budget goals: First cost and operating cost

Timeline goal(s): Summer installation, balancing, and commissioning due dates

Management goals: 250,000-square-foot deferred maintenance compliance per the school’s phase 1 master

plan, service contracts for the boiler plant, and capital projects management oversight

Available utilities: Existing natural gas service, electrical service, central hot water plant, and BAS

Hot water pipe distribution: Schedule 40 black iron steel with �berglass insulation (thickness per state energy

code) of pipe, valves, and �ttings

Pumps: New end-suction with an additional standby pump serving the new boiler replacement with variable-speed

drives (VSDs)

The owner representative shall contract the services of a third-party commissioning (Cx) agent to assist in the

oversight of the DBB contract and compliance with the design team’s contract documents

The owner representative shall contract the services of a third-party TAB �rm to rebalance the entire hot water

system and its lead-lag sequence of operation

BASIS OF DESIGN (BofD) DOCUMENT
The heating BofD criteria shall be in-sync with the project delivery method and owner’s project requirements.

New hot water pumps shall replace two existing end-suction pumps.

The existing central heating plant boiler automatic controls shall be reprogrammed to accommodate the design

criteria. The new boiler self-contained automatic controls shall be interfaced with the existing BAS. Existing

controls shall also interface with the building security system and electrical power distribution.

The HVAC design engineer shall provide system �ow diagrams with the three documents (OPR, DID, and

BofD) along with ATC sequences of operation that is integrated with the existing BAS control system and

electrical one-line diagram.

The HVAC design engineer shall include an electrical data sheet to coordinate with the electrical design

engineer, a plumbing data sheet to coordinate with the plumbing design engineer, and equipment and

distribution weights to coordinate with the structural design engineer as well as DID to the security

consultant.

Utilities shall be the existing electrical 480/3/60 power and natural gas service to serve the new gas-�red 200-

boiler horsepower (BHP) boiler No. 1 to serve an existing three-boiler central heating plant within the facility. This

boiler replacement project is phase 1 of a three-part boiler replacement project based on the college’s deferred

maintenance master plan

New boiler system sequence of operation: The new condensing, highly ef�cient boiler will become the lead boiler

and operate from Sept. 15 through May 15. The existing boiler No. 2 shall be the lag boiler with boiler No. 3 to

become the standby boiler

The new lead hot water supply pump will provide variable �ow to the building heating system, while the lag boiler

will remain constant �ow

Conceptual/Schematic Phase General Notes:

[nimis69] of [E+] via Getty Images
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Project Delivery Method:
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Design-Bid-Build (D-B-B)

Construction Management at Risk

Owner Team:
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Project Manager of Capital Projects
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Project Delivery Team:
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HVAC Project Team:
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BAS Contractor

Application 2019 ASHRAE Handbook:
Retail Facilities, Chapter 2

Commercial and Public Buildings, Chapter 3

Educational Facilities, Chapter 8

Power Plants, Chapter 28

Systems and Equipment 2020 ASHRAE Handbook:
HVAC System Analysis and Selection, Chapter 1

Central Cooling and Heating Plants, Chapter 3

Boilers, Chapter 32

Furnaces, Chapter 33

Project Type:
New Infrastructure (central heating)
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Energy Retro�t

References:
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2019 ASHRAE Handbook – HVAC Applications

2020 ASHRAE Handbook – HVAC Systems and Equipment

ASHRAE Standard 202, Commissioning Process for Buildings and Systems

DESIGN INTENT DOCUMENT (DID)
HVAC Design Intent:
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

Finalized System Selection shall be Decentralized HVAC Systems and Terminal

Budget Goals: First Cost and Operating Cost

Timeline Goals: Summer Installation, Balancing, and Commissioning Due Dates

Available Utilities: Natural Gas, Electricity, Hot Water Heating, and BAS

BASIS OF DESIGN (BofD) DOCUMENT
The HVAC Design Criteria Shall Be In-Sync with the Project Delivery Method and Owner’s Building Program

Requirements

The Design Criteria Shall Be Based on ASHRAE 60.2 and Federal Energy Code Compliance for Outdoor Air

Temperature Compliance

The New Automatic Controls Shall Be Interfaced with the Existing BAS

New Boiler System Sequence of Operation: the New Condensing, Highly Ef�cient Boiler will Become the Lead

Boiler and Operate from Sept. 15 Through May 15. Existing Boiler No. 2 Shall Be the Lag Boiler with Boiler No. 3

to Become the Standby Boiler

The HVAC Design Engineer Shall Include an Electrical Data Sheet to Coordinate with the Electrical Design

Engineer, a Plumbing Data Sheet to Coordinate with the Plumbing Design Engineer, and Equipment and

Distribution Weights to Coordinate with the Structural Design Engineer as well as DID to the Security Consultant

Utilities Shall Be the Existing Electrical 480/3/60 Power and Natural Gas Service to Serve the New Gas-Fired,

200-Boiler Horsepower (BHP) Boiler No. 1 to Serve an Existing Three-Boiler Central Heating Plant within the

Facility. This Boiler Replacement Project Is Phase 1 of a Three-Part Boiler Replacement Project Based on the

College’s Deferred Maintenance Master Plan

-  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)

Construction Management @ Risk (CM with GMP)

Design-Bid-Build (D-B-B)
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Owner Team:
Owner Representative (consultant)

Project Manager of Capital Projects

Facility Manager (out-source staff)

College President

Project Delivery Team:
HVAC Engineer (lead consultant)

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

Third-Party Commissioning Consultant (CxC)

Third-Party TAB Testing, Adjusting, and Balancing (TAB) Technician

HVAC Project Team:
General Contractor Project Manager

Mechanical-Electrical Coordinator

Architect and Sub-Consultants

BAS Contractor

Application 2019 ASHRAE Handbook:
Retail Facilities, Chapter 2

Commercial and Public Buildings, Chapter 3

Educational Facilities, Chapter 8

Power Plants, Chapter 28

Systems and Equipment 2020 ASHRAE Handbook:
HVAC System Analysis and Selection, Chapter 1

Central Cooling and Heating Plants, Chapter 3

Boilers, Chapter 32

Furnaces, Chapter 33

Project Type:
New Infrastructure (central heating)

Addition

Renovation

Energy Retro�t

References:
2017 ASHRAE Handbook – Fundamentals

2019 ASHRAE Handbook – HVAC Applications

2020 ASHRAE Handbook – HVAC Systems and Equipment

ASHRAE Standard 202, Commissioning Process for Buildings and Systems

DESIGN INTENT DOCUMENT (DID)
HVAC Design Intent:
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

Finalized System Selection shall be Decentralized HVAC Systems and Terminal

Budget Goals: First Cost and Operating Cost

Timeline Goals: Summer Installation, Balancing, and Commissioning Due Dates

Available Utilities: Natural Gas, Electricity, Hot Water Heating, and BAS

BASIS OF DESIGN (BofD) DOCUMENT
The HVAC Design Criteria Shall Be In-Sync with the Project Delivery Method and Owner’s Building Program

Requirements

The Design Criteria Shall Be Based on ASHRAE 60.2 and Federal Energy Code Compliance for Outdoor Air

Temperature Compliance

Utilities Shall Be the Existing Electrical 480/3/60 Power and Natural Gas Service to Serve the New Gas-Fired,

200-Boiler Horsepower (BHP) Boiler No. 1 to Serve an Existing Three-Boiler Central Heating Plant Within the

Facility. This Boiler Replacement Project Is Phase 1 of a Three-Part Boiler Replacement Project Based on the

College’s Deferred Maintenance Master Plan

The New Automatic Controls Shall Interface with the Existing BAS

New Boiler System Sequence of Operation: The New Condensing, Highly Ef�cient Boiler will Become the Lead

Boiler and Operate from Sept. 15 through May 15. Existing Boiler No. 2 Shall Be the Lag Boiler with Boiler No. 3 to

Become the Standby Boiler

The HVAC Design Engineer Shall Include an Electrical Data Sheet to Coordinate with the Electrical Design

Engineer, a Plumbing Data Sheet to Coordinate with the Plumbing Design Engineer, and Equipment and

Distribution Weights to Coordinate with the Structural Design Engineer as well as DID to the Security Consultant
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Case In Point

ECM’s PCB Stator Motors Prove
Advantageous for New England Aquarium

SCROLL

ECM showcases the bene�ts of using PCB stator motors for pump applications.

Beyond My Ken, CC BY-SA 4.0, via Wikimedia Commons

The New England Aquarium (NEA), based in Boston, recently commissioned ECM to replace a conventional 2.2-kW

pump motor, used to service a tank responsible for the rehabilitation of injured sea turtles, with a custom PCB stator

motor solution.

The legacy motor ECM replaced had a rated motor ef�ciency of 79%, weighed 17 kg, and measured 13-plus inches in

axial length. ECM’s solution has a rated motor ef�ciency of 93%, a mass of 12 kg, and an axial length of just 3.9 inches.

Further, a Fluke 35 Series II Power Analyzer was used to measure the power consumption of both motors to directly

compare performance. The aquarium’s existing solution had an average power consumption of 3.36 kW, indicating the

motor was likely running at a load condition greater than the 3-hp rated operating point. After the ECM machine was

installed, an average power consumption of 3.02 kW was observed for the entire motor system.

By using ECM’s motor solution, NEA gained:

More than a 17% increase in ef�ciency;

More than a 70% decrease in axial length;

More than a 30% decrease in weight; and

And a 10% decrease in average power consumption for the entire motor system.

FIGURE 1: The legacy motor ECM replaced had a rated motor ef�ciency of 79%, weighed 17 kg, and measured 13-plus inches in axial length.
ECM’s solution has a rated motor ef�ciency of 93%, a mass of 12 kg, and an axial length of just 3.9 inches.

Images courtesy of PCB Stator

Motor durability was another factor of particular interest in this application. Living in a harsh, saline environment, the

legacy motor had many issues with reliability, speci�cally with salt buildup as well as bearing failure from corrosion.

Since ECM motors have fully encapsulated copper windings and are totally enclosed machines, IP ratings of IP68 or

higher can be achieved to help increase the life expectancy of the ECM motor in comparison with existing solutions. The

ECM PCB stator motor has been running continuously at the NEA without issue since August 2021.

FIGURE 2: After the ECM machine was installed, an average power consumption of 3.02 kW was observed for the entire motor system.

Using the PrintStator design software, ECM can design motors that offer substantially higher ef�ciency levels, a

reduced weight, and an ultra-thin form factor. More ef�cient energy use means less fuel consumption, reduced energy

costs, and a smaller carbon footprint. Requiring signi�cantly less raw materials and an axial �ux form factor allow PCB

stator motors to be extremely light with less axial length. Further, ECM’s stators are fully encapsulated in FR4, reducing

reliability and maintenance issues that arise from vibration and insulation failures, leading to an extended motor

lifespan and less required maintenance. This lack of vibration in PCB stators also means ECM’s motors make less

audible noise.

FIGURE 3: Motors developed with ECM’s PCB stator technology possess many bene�ts for motorized pump systems and HVAC applications.

Next Steps
ECM is in the process of integrating PCB stator technology and the PrintStator software into a wide range of HVAC

and pump motor systems in both the industrial and residential sectors. High motor ef�ciencies, signi�cant weight

reduction, and ultra-thin form factors are a few of the bene�ts that have been highlighted by HVAC industry leaders.

Increased durability and low audible noise further add to the value of PCB stator motors for HVAC applications and

beyond.
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Commissioning

Top 10 Elements of
Commissioning — No. 6:

O&M Participation
Regardless of how automated a system is, its optimal operation will depend

on monitoring and human intervention.

SCROLL

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

There are two primary reasons building owners �nd value in the commissioning process. First, successful third-party

commissioning delivers a high level of con�dence that the building systems meet the owner’s requirements at the end of

a design and construction project. Second, commissioning can help set the stage for the owner to continue realizing high

performance from the systems long after project closeout.

In my Top 10 Elements of Commissioning list, No. 7 was systems documentation, and No. 8 was systems training. Those

are two of the three elements associated with long-term, sustainable operation. This month, No. 6, owner’s operation

and maintenance (O&M) participation, is the third.

Regardless of how automated a system is, its optimal operation will depend on monitoring and human intervention.

Every piece of hardware will eventually fail, some sooner than others, and will require a person to repair or replace it.

Although automated fault detection is evolving, a vast majority of building systems still require monitoring by humans

in order to understand when a failure has occurred.

O&M personnel need to intimately understand the systems they are tasked to operate and maintain. This is necessary

in order to recognize when the systems are not performing properly and diagnose why. Every new building system will

have unique features, performance requirements, and/or sequences of operation. O&M staff cannot assume new

systems are the same as similar systems they’ve seen in other buildings.

The best way to get to know the new systems is to participate as much as practical in the commissioning process. This

takes time and attention at each phase of a project.

During the design phase, the O&M team should be involved in reviewing the proposed new systems, components, and

sequences of operation. There is always more than one way to achieve a performance goal, and if the future operating

personnel have a preference, this would be the best time to bring it to an engineer’s attention. The commissioning

professional should actively encourage O&M participation in design review meetings, help reach out to O&M leaders if

there are questions about preferences, and clearly explain unusual or cutting-edge technologies or operating strategies

proposed by the design team. The more involvement the O&M staff has in the design and development of the new

systems, the more buy-in they are likely to have when taking responsibility for them.

FIGURE 1. The best way to get to know the new systems is to participate as much as practical in the commissioning process.
 Photo by Taylor Nicole on Unsplash

During the construction phase, the O&M team should be included in controls integration meetings to learn about and

provide input into the �nal sequences of operation and intersystem communications. These are invisible system

elements that are critically important to future performance, and the earlier the O&M staff start hearing about them,

the easier they will be to remember at building turnover.

During the acceptance phase, the commissioning professional needs to prepare a functional performance test schedule

to share with the O&M team. The schedule should identify when each system will be tested and where. Because of the

�uidity of the testing process, the schedule will probably need to be updated every day. In this way, the appropriate

O&M representatives can at least witness, if not participate in, the functional testing. This is the best way to learn the

new systems, where their components are located, how they are intended to operate, and what idiosyncrasies they may

have.

Finally, of course, when it comes to the training phase, O&M leadership must make attendance at equipment and

systems training a top priority. On the other hand, commissioning professionals and installation contractors must make

the training meaningful and ef�cient.

There is always room for improvement in the level of effort commissioning professionals put into engaging the O&M

staff. However, O&M management also has a responsibility to make new systems input, familiarity, and training a top

priority for their people.

When the time comes to engage in scheduled commissioning activities, the O&M staff are almost invariably “too busy”

to participate. Their priorities are set by management, and O&M managers are focused on regular, day-to-day activities

and crises that need to be addressed immediately. It’s understandable that operating and maintaining existing systems

must go on. However, it is short-sighted to neglect learning about the new systems. That will only lead to more time

being spent in the near and distant future working on, trying to �gure out, and simply bumbling along on equipment and

systems the operators do not understand.

The combination of O&M participation in commissioning (No. 6), systems documentation (No. 7), and systems training

(No. 8) are intended to encourage O&M team buy-in and increase understanding of the new systems in order to hit the

ground running when the systems are turned over to them to operate and maintain.

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

Building Management for
Occupant Health Needs to

Move Beyond Comfort

SCROLL

While the appeal of pro�ts and fear of lawyers are powerful emotions, doing the right thing
to protect human health in all occupied buildings must take precedence.

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

Returning home an inspiring conference, "Indoor Environmental Quality Performance Approaches," in Athens, Greece,

I’m struck by several serious challenges in establishing best-practice recommendations, standards, and building codes

that include occupant health outcomes. We know, without a doubt, that airborne exposures affect our health, but, until

recently, the primary focus has been on decreasing outdoor air pollutants. The recognition by the U.S. Centers for

Disease Control and Prevention (CDC) that transmission via indoor air is the most prominent way to spread COVID-19

was a pivotal moment. We are now tasked with managing IAQ to protect occupant health in all buildings, not just

hospitals. Hence, the focus of this international conference was how to move from IAQ to IEQ to expand the role of

occupant health outcomes in management of the indoor environment.

What is ASHRAE’s starting point for assessing the occupant in non-acute care hospital settings? Occupant experiences

are currently addressed under the heading of “comfort,” which means 80% of occupants must be satis�ed with their

subjective indoor experience. Herein begins a problem. Occupant gender, age, clothing, and activity levels are all

important variables that are not captured under the de�nition of comfort.

Thankfully, several tracts during the conference presented studies on the reliability of occupant comfort surveys to

understand the full health impact of IAQ, lighting, and acoustical settings.

For example, Federrica Morandi was the �rst author on a report titled, “Assessing Overall Indoor Environmental

Comfort and Satisfaction: Evaluation of a Questionnaire Proposal by Means of Statistical Analysis of Responses.”

One paper reported a multi-person survey on environmental parameters and the occupants’ subjective sense of

comfort under the headings of thermal, visual, acoustical, air quality, and global comfort. Effectiveness of the approach

was qualitatively assessed through the agreement of mean sensation/preference/comfort votes with measured indoor

parameters. There was little correlation between reported subjective comfort and IAQ, including carbon dioxide levels,

indicating dif�culty of the occupants to discriminate or evaluate different environmental conditions. If we’re talking

about health, let’s stop using the word comfort.

Our goal now is to de�ne and manage indoor conditions that cannot be detected by our �ve senses. We must create a

database relating the physiological impact of IAQ, light, and acoustics so that these characteristics can be properly

managed.  

What are the challenges associated with research on IEQ and health?

1. The current surveying of occupant comfort is subjective, non-reproducible, does not represent the entire spectrum

of human health, and must be understood as being limited;

2. An agreement must be reached on health-related IAQ metrics;

3. The privacy of health data must be protected;

4. Understanding the physiological impacts of both primary IAQ constituents and secondary indoor compounds

resulting from chemical reactions requires input from medical professionals;

5. The abundance of data needed to understand health and exposure relationships must be properly communicated

so that it is actionable rather than overwhelming;

6. An infrequently discussed obstacle to monitoring IAQ to understand the occupants, especially in the U.S., where

litigation is a prosperous industry, is fear of collecting data that could be discoverable in a health-related lawsuit;

7. Having both health and energy metrics presents dif�cult choices for building owners choosing to run their HVAC

in energy-saving modes rather than the potentially more expensive occupant-health modes.

FIGURE 1. The IAQ 2020 event occurred May 4-6 in Athens, Greece. 
 Image courtesy of ASHRAE

If these are the obstacles, how can we begin to overcome them?  

1. We must expand subjective occupant experiences of comfort to criteria based on objective IAQ and health data.  

2. Protect data that is gathered under quality-control initiatives from possible legal rami�cations. Hospitals can

provide guidance on this vulnerability. In 1999, the Institute of Medicine published “To Err is Human,” revealing the

enormous number of hospitalized patients who were harmed from medical errors. To better understand and

prevent these catastrophes, hospitals began to record the steps leading up to harmful mistakes. Unfortunately, this

work quickly slowed when prosecuting lawyers in medical harm cases requested disclosure of the error logs for

litigation against the hospital. To encourage hospitals to pursue safety research, The Patient Safety and Quality

Improvement Act of 2005 was passed. This act established a network of patient safety organizations and a

national patient safety database. To encourage reporting and peer review of adverse events, near misses, and

dangerous conditions, it also established federal con�dentiality protection from legal discovery of patient data

collected as part of hospital efforts to assess and resolve patient safety issues. Hospital data collected to reduce

medical errors and improve patient safety continues to be generally exempt from legal exposure. While not

impenetrable to subpoenas, there is signi�cant protection for the hospital.  

3. Follow clear guidelines to anonymize health data so that it is useful but does not jeopardize the privacy of

individuals.

FIGURE 2. The action cycle of an indoor environment managed for occupant health, comfort, and productivity. 
 Image courtesy of Building4Health Inc.

We now have building and health assessment tools, which, along with computerized data analysis capabilities, can

reveal the key relationships between IEQ and human health. While the appeal of pro�ts and fear of lawyers are

powerful emotions, doing the right thing to protect human health in all occupied buildings must take precedence.  

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

Heatwave Resilience:
Engineered Examples

If a building is damaged or becomes uninhabitable due to an event, the cost in
either repairs or lost revenue can dwarf the initial investment in a more

resilient design.

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

SCROLL

My last several columns have looked at code requirements for resilience and government plans to enhance resilience.

These efforts focus on the “big picture” — overarching plans and guidelines meant to move resilience forward on a

broad front and considering multiple hazards and scenarios. However, it is also worth taking a step back to speci�c

hazards and applications. One way to do this is to look at case studies for various projects. One such case study,

published in 2019 by the Rutgers Center for Green Building, looked at how people responded to a heat wave.

A study performed by Rutgers examined how residents of three Housing Authorities of Elizabeth, New Jersey,

responded to a heat wave. One property, let’s call it (A), contained 421 units in 15 three-story walk-ups with new roofs.

The second property, property (B), consisted of one 11-story building with 121 units and extensive upgrades, while the

third property, (C), was a LEED Gold, 30-unit senior living facility with all units having central air conditioning. The

research used indoor and outdoor sensors to measure the air quality and structured interviews with the residents to

determine how they responded to the heatwave.

The heat avoidance measures utilized by the residents varied with the building site. All three sites had at least 50% of

the residents adjusting fans, closing windows, using the air conditioning, and leaving the apartment. Residents in site A

took additional steps, such as adjusting their clothing and avoiding using the oven, stove, or candles. Only a small

percentage, if any, of the residents at the other sites (B and C) used these coping strategies.

Several hypotheses were proposed by the researchers, all of which were at least partially supported by the results.

First, it was suggested that residents would alter their behavior in response to a heatwave, and all residents were found

to change their behavior in at least some ways. However, the physical and social conditions of the residents constrained

their actions due to limited funds, mobility problems, and other issues. The apartments and building systems were

found to constitute the primary environment for the residents, but constraints related to the building systems limited

the residents’ options for response. For example, while almost all residents closed their windows and use the air

conditioning where available, not all buildings had central air conditioning, and the building envelopes varied greatly

between buildings.

Photo by Dziana Hasanbekava from Pexels

The results highlight the fact that the building residents are the primary drivers of the response to events, such as a

heatwave. As such, they are extremely dependent on the ability of the building systems to perform adequately during

the event. This is particularly true when the residents are extremely vulnerable to the effects of the event, limited in

mobility, or have �nancial constraints that may limit their use of building systems. In addition to designing a building

with energy-ef�cient systems and envelopes, there are some additional steps identi�ed in the study that might be taken,

including providing shaded outdoor space, creating vegetated roofs, designing a cool roof, and providing energy-

ef�cient landscaping.

The use of case studies, such as the Rutgers Center for Green Building, can help provide valuable information about

how residents actually respond, allowing for better informed decisions regarding resilience investment. One aspect of

resilient design the case study does not address is the tradeoff between providing both passive and active systems that

are capable of mitigating the effects of extreme events and the need for cost-effectiveness for more normal operating

conditions. The decision on how much “extra” to invest to address extreme events is a dance between the initial costs,

normal operating costs, and true life cycle costs. If a building is damaged or becomes uninhabitable due to an event, the

cost in either repairs or lost revenue can dwarf the initial investment in a more resilient design. This tradeoff question

should become easier when a vulnerable population is housed in a facility, but this is not always the case. If enhanced

resilience is the goal, it’s not enough to consider the hardware of building design. A designer must also consider the

actions of residents and how those can change with design decisions.

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

Table Of

Contents

June 2022

http://greenmanual.rutgers.edu/portfolios/heatwave-case-study/
https://www.pexels.com/@dziana-hasanbekava?utm_content=attributionCopyText&utm_medium=referral&utm_source=pexels
https://www.pexels.com/photo/young-man-with-fan-on-beach-5480704/?utm_content=attributionCopyText&utm_medium=referral&utm_source=pexels


https://onlinexperiences.com/scripts/Server.nxp?LASCmd=AI:4;F:QS!10100&ShowUUID=7AB791BD-9CE4-40E8-960A-A70BA3F88A41&LangLocaleID=1033&AffiliateData=eMagAd


Building Automation

BACnet Integration and the
Power of Analytics

By Mike Davis, P.E., and James Regan

SCROLL

Analytics detail how a simple set point change can affect the rest of the system.

We were recently asked by a client to review his system and evaluate the energy savings to seal up the supply ductwork.

The building is conditioned by three packaged rooftop units that serve the spaces through a mix of cooling-only and-fan

powered variable air volume (VAV) boxes. The ductwork design is unique in that the supply ductwork runs down the

middle of the return ductwork — it's concentric. There is a building automation system (BAS), and the rooftop units are

BACnet integrated, so we have a larger amount of data available for our analysis. The BAS system pushes data out to a

building analytics server, where we can crunch the data.

During the heat of summer, the client noticed the building was struggling to cool. The client’s staff had already

performed a survey of the air distribution system and discovered the supply air duct had visible gaps in the seams.

Trying to diagnose the extent of the problem on the BAS can be tedious and may only provide a snapshot of what is

occurring.

Pushing the building data out to an analytics server allowed us to dive deeper into the system. This is where BACnet

integration comes in handy. It’s simple to discover points in our analytics software, and it allows us to quickly poll those

points for data. Once we have data, we tag our points utilizing the haystack standard and then begin to investigate. In

this particular case, our goal was less about providing a speci�c and precise dollar amount of savings but more about

�nding a way to visualize the customer’s problem in an easy-to-digest manner, so anyone with limited HVAC knowledge

could understand the importance of prioritizing the repairs. To get us in the ballpark, we refer to the sensible cooling

formula below. We are conscious this equation does not account for our latent cooling load, but, again, it gets us in the

ballpark to base our estimations. Many times, as energy engineers, we can get caught up being overly precise, spending

too much time being speci�c. Sometimes, a customer just needs a direction to base a decision. In this case, if we can

document a notable problem in the building, then they are going to �x it. So, quickly comparing sensible loads is enough

to get it done.

Qsensible = CFM × ΔT × 1.08

FIGURE 1: The estimated rooftop unit energy in Btuh shown in the blue, and the delta of the project’s two equations in red.

Images courtesy of CMS Controls

Once we started diving into the data, we realized we have no cfm measurement on the rooftop unit. This is where

haystack tagging shines, as we can quickly totalize all the cfms of our VAV boxes associated with our rooftop units by

only referring to a couple speci�c tags. As we touched on in last month's column, analytics software differs from each

BAS by its ability to easily aggregate and standardize time series data. Now that we have our cfm, we can use the return

air temp sensor on the unit as well as the discharge air temp sensor to plug into our equation. Our goal is to show how

much of these calculated Btu are most likely being recirculated into the return and never making it into the space itself.

Using the same sensible cooling equation, this time we aggregate and average all of our zone temp sensors related to

the spaces each rooftop unit cools. Averaging the zone temps together allows us to build a “virtual” return temp, so to

speak. In a normal functioning system, we expect the return air temp on the unit to be, at the very least, the same temp

as our zones, if not hotter, due to additional heat above the ceiling from the lights. All this allows us to create the data in

Figure 1, which illustrates the estimated rooftop unit energy in Btuh shown in the blue, and the delta of our two

equations in the red.

FIGURE 2: When the supply duct pressure increases or the supply fan VFD speeds up, a greater delta T between the two values

emerges.

By comparing the average zone and return temperatures on each rooftop unit, it’s evident the return temperature is

cooler than the average space temperatures, clearly pointing to a leakage of the supply ductwork. Furthermore, when

the supply duct pressure increases, or the supply fan VFD speeds up, we see a greater delta T between the two values,

as can be seen in Figure 2.

At this point, it’s clear there are potential savings to be had by sealing up the supply ductwork. What we want to

illustrate is the information gained from BACnet integrating the rooftop units into the BAS allows us to quickly and

easily compare points across the system using the power of the analytics platform. Pulling in supply fan VFD speeds

allowed us to verify our initial leaky duct observation. The analysis performed on this data would be dif�cult using just

the capabilities of the BAS. Analytics gives us a greater amount of detail to understand a building and how a simple set

point change can affect the rest of the system. In this building, it improved our vision, and the customer’s, into the

supply air leakage.

Mike Davis, P.E.

Mike Davis has been working in the built environment since 1998. He started as a sales

engineer working for York International, selling large chillers, standard modular, and custom

air handlers with a strong focus on supporting design engineers.  Eventually, he went to work

for one of these engineers, Moseley Architects, designing HVAC systems for various clients.

He took an energy engineering role with Piedmont Service Group in Raleigh, North Carolina.

Here, he supported clients with energy ef�ciency through optimizing their building automation

systems or HVAC equipment replacements. During this time, he earned his certi�cation as a

professional engineer in the state of North Carolina for mechanical engineering. He also

earned his Certi�ed Energy Manager (CEM) and Certi�ed Measurement and Veri�cation

Professional from the Association of Energy Engineers (AEE). He currently works for CMS

Controls, a provider for building automation projects in the Georgia, South Carolina, North

Carolina, Virginia, and the Pittsburgh areas.

James Regan

James Regan has been working in the building automation industry since 2013. He started as a

controls technician for Johnson Controls, working primarily in critical hospital environments.

He moved on to an energy engineering role optimizing the automation systems of hospitals

with a major focus on maintaining proper air quality settings as ef�ciently as possible. In 2018,

he accepted a role as building systems analyst with Piedmont Service Group. In this role, he

supported efforts to increase ef�ciency through identifying poor sequences, faulty �eld

devices, or failing mechanical equipment. He currently is the analytics manager overseeing the

building analytics platform where he supports Piedmont Service Group and CMS Controls

with optimizing or continuous commissioning through analytics.
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Taking Proactive Maintenance to the Next
Level with Condition-Based Monitoring

If system performance data reaches a dangerous level, condition-based monitoring alerts
technicians to proactively correct the problem in time to prevent further damage.

By John Davis

FIGURE 1: Condition-based monitoring (CBM) is available in many variable-frequency drives (VFDs), but the features are not equal.
 Photo courtesy of Danfoss Drives

Everyone who is responsible for pump maintenance has received the dreaded phone call at 4:30 p.m. on a Friday

afternoon that a critical pump has a seal failure. All parties now go into crisis mode. Wouldn’t it have been nice to

prevent this failure or have been alerted of its occurrence?

Normally, reactive maintenance is three- to �ve-times more expensive than other forms of maintenance, and, many

times, it occurs in the case of a catastrophic failure or damage. Condition-based monitoring (CBM), predictive, and

preventive are the other forms of maintenance. Predictive and preventive maintenance rely on �xed values and may not

help address situations that cause unexpected failures due to system conditions or defective materials/workmanship.

This is where CBM comes into play.

So, what is CBM? A good analogy would be that CBM is a health monitor that constantly oversees the vital signs of a

person’s body and sends a report to his or her doctor when abnormal levels are reached, who, then, implements a

corrective action plan. Similarly, if system performance data reaches dangerous levels, CBM will alert technicians to

proactively correct a problem and allow the system to be shut down to prevent further damage. While the body cannot

do this, CBM can, which helps prevent catastrophic failures and/or reduced unplanned downtime.

CBM is available in many variable-frequency drives (VFDs), but the features are not equal. Some VFDs will require

various external sensors or analytical devices. Additionally, what the VFD does with this information varies widely.

Some VFDs simply store a few data points on given timed intervals. Others will report the VFD information, such as

voltages, frequencies, and current levels, to a supervisory control and data acquisition (SCADA) or cloud system and

require that system to analyze what is happening in the process. Only a few VFDs will incorporate edge computing and

machine learning to constantly predict what is happening in the VFD, and even further, in the engineer's process.

Using CBM Effectively
The vital signs of CBM with VFDs are vibration — the blood pressure — blood sugar, and cholesterol. Motor stator

health is the heart and heart rate of the body. These two components provide the baseline. Vibration can identify many

things, like is there an imbalanced or clogged impeller, is a bearing going bad, and are there any cavitation issues or even

a misalignment. The motor stator health tells how the motor is doing and if it is beginning to short out.

Developing the baseline (load envelope) is key to CBM. There are three methods of establishing a baseline that can be

utilized. The �rst is manual. This is where prior known values are programmed into the VFD. The second is a baseline

run. This is performed during commissioning. The drive is operated through the normal speed range, where a baseline is

determined. Be aware that when utilizing this method, consideration should be given to a breaking-in period, where the

equipment is operated through the full speed range to establish normal operating levels. If performing a full baseline is

not possible, it is recommended to perform an extended learning cycle that can last up to a few weeks or even months.

The last method is online baseline, which captures baseline data during normal operation. This is useful in situations

when a baseline run cannot be performed, because the application does not allow exploring the entire speed range. This

online baseline should be run long enough to determine a normal baseline. This could be anywhere from a few hours to

several months, depending on the system.

Once the baseline is developed, thresholds for normal, warning, and alarm levels can be established. Under normal

operating conditions, nothing needs to be done, as all systems are functioning. A warning message indicates a threshold

level outside the normal operating range has been reached, and the equipment should be inspected. An example of this

could be a clogged impeller. If a higher level of deviation occurs, an alarm is triggered, indicating immediate action is

required. Additionally, with an alarm condition, the VFD can be programmed to shut down to prevent failure of the

equipment.

FIGURE 2: Condition-based monitoring (CBM) is like a health monitor that constantly monitors the vital signs of a person’s body and
sends a report to his or her doctor when abnormal levels are reached, who, then, implements a corrective action plan.

Photo courtesy of Danfoss Drives

Filling a Critical Need
People may ask, “What are the advantages of CBM over predictive or preventive maintenance?” CBM takes a

maintenance plan to the next level by providing timely information regarding performance of the system. This allows a

team to study its system and �nd answers to the unexpected failures and can be helpful determining why critical part

failures are happening prematurely. This data can be accessed locally at the drive, via the cloud, or through a local

SCADA to provide immediate feedback on the condition of the system.

Mechanical seal failures are a great example of how CBM can help facility managers reduce failure and downtime. It’s

estimated that 70% of all pump failures are related to mechanical seal failures. The leading culprits of seal failure are

running dry, cavitation, or shaft de�ection, all of which can be easily detected with CBM. Submersible sewage pumps

may get clogged and trigger the vibration sensors. Before personnel can get to the site to unclog the pumps, the seals

may run dry. This can require frequent seal replacement, cause extensive damage to the pumps, and result in extensive

repairs and downtime costs. These clogs and seal failures could have been prevented by allowing CBM to perform a

pump cleaning or de-ragging cycle that is now available on many VFDs.

VFD manufacturers are not the only ones looking at CBM. Mechanical seal manufacturers have developed a similar

process that measures equipment vibration, process temperature, process pressure, and surface temperature. This

information is then sent to the cloud, where it can be analyzed, provide better control of resources, and predict failures

before they happen.

Submersible pump manufacturers are also doing this. They are now able to detect wear and tear on pump components

and alert personnel that a problem is arising. VFD manufacturers are also looking to this for future CBM features to

measure resistance in the seal cavity, indicating moisture in the mechanical seal.

By utilizing CBM in a system, engineers are able see problems as they begin to arise, plan maintenance so they can best

utilize their resources in an ef�cient manner, shorten unplanned downtime, and help to control spare parts inventory. In

the end, this helps minimize reactive maintenance cost and improve the bottom line by helping to control spare parts

inventory and unexpected downtime.

Planning for Implementation
Once a team decides to utilize CBM, its members need to look at how they will record and report this data. There are

various ways of doing this. Initially, one will need to determine what “level” or “type” of CBM is being utilized. If it

requires the data to be sent to an additional device (cloud/SCADA/programmable logic controller [PLC]) for analysis,

then how the information is used must be addressed. If a VFD provides the CBM data in real time with information

constantly available, this data could be accessed from the VFD itself, either from the display or via serial

communications. The information can also be sourced via SCADA, and, from there, a user may store it in a system or

send it to a cloud service. Through edge computing and machine learning, the VFD will ensure the most up-to-date, real-

time, 24/7 information is readily available.

There are some CBM providers that require a cloud-based system to access the data. These types of systems typically

will require a cloud subscription service, which, over time, can be quite expensive. Additionally, there may be

cybersecurity issues to consider when using a third-party, cloud-based subscription service. When evaluating the type

of CBM to use, look at all local resources and security needs.

Overall, a CBM system will provide more uptime, fewer unplanned outages or call outs, and peace of mind regarding a

facility’s pumping systems.

John Davis 
John Davis is a regional sales manager with Danfoss Drives. He has been with Danfoss since 2019 as
the Northeast regional sales manager for the water market. He has more than 25 years of experience
in the water and wastewater industry. His roles have included sales, applications, troubleshooting,
and servicing control/pump systems. He lives in Ashland, Virginia, with his wife and son. Contact him
at john.davis@danfoss.com.
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Tomorrow's Environment

Fire Damper Inspection
Compliance  

How many design engineers note on contract documents that �re dampers require an
inspection one year after the project is complete?

By Howard McKew, P.E., FASHRAE

SCROLL

Following my January article, “A Job Not Well Done,” which was published in Engineered Systems, I received an email

from Mark Goransrud, RSE, chief estimator, Kesil Test & Balance Ltd., who endorsed my recommendation that third-

party testing, adjusting, and balancing (TAB) should be integral with third-party HVAC commissioning. He also stated

he is aware of insurance companies giving back/crediting building owners for being code-compliant with �re damper

inspection requirements.

To his point, I looked up National Fire Protection Association (NFPA) 80(10), Sec. 19.4. 1.1, which requires testing and

inspection of �re dampers and noted the following:

Each �re damper shall be inspected one year after installation;

Each �re damper shall be inspected every four years, except for hospitals, where the frequency is allowed to be

every six years.

While the NFPA recommendations are not code, they are referenced by various state codes that are then embraced and

legally enforceable as part of the speci�c code. As a design engineer, �re dampers must be shown on the contract

drawings for a building program project, but how many design engineers note on these contract documents that �re

dampers require an inspection one year after the project is complete? Quite often, a third-party commissioning agent is

retained during the warranty period to follow the HVAC system performance to assure a continued commissioning

success, so why isn’t the �rst-year TAB technician �re damper inspection included in the project’s warranty phase

contract requirement? The same can be said for building owners and facility managers who are not cognizant of �re

damper inspection requirements when their states recognize NFPA and, more speci�cally, NFPA 80(10), Sec. 19.4. 1.1?

This discussion reminded me of a building owner who contracted my consulting services to oversee the inspection of an

existing building his organization had purchased where he questioned the operating conditions of the HVAC system’s

�re dampers. To begin the survey process, a local, certi�ed TAB �rm was hired to complete this inspection, and I

requested the TAB technician take existing condition photographs of each damper to con�rm compliance or

noncompliance. From the inspection, this technician then documented as-built �re damper locations on the building’s

HVAC record drawings.

[onuma Inthapong]/[E+] via Getty Images

When completed, the corrective action survey documented the following:

Six �re dampers, partly closed;

Two �re dampers held open, each with a brick; and

Four �re dampers missing from the original record drawings.

So, after writing my January feature article, receiving Mr. Goransrud’s email, and recalling the �re damper survey I was

involved with, all of this simply emphasizes:

1. Third-party, certi�ed TAB services contribute to life safety;

2. Third-party, certi�ed TAB services contribute to complete commissioning of a building; and

3. Third-party, certi�ed TAB services can contribute to insurance rebates.

Note: Don’t forget smoke dampers when contracting for �re damper inspections.

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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Belimo Americas
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 Danbury, CT 06810
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 marketing@us.belimo.com

 https://www.belimo.us
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**To see all product photos, downloads, and more!**

Belimo is a global HVAC market leader in the development, production, and marketing of �eld device solutions for

controlling heating, ventilation, and air conditioning systems. Actuators, control valves, and sensors make up the

company's core business.

**Product Categories**

Building Automation Systems (BAS), Actuators

Building Automation Systems (BAS), Sensors/Transmitters/Transducers

Meters, Flow, Water

Valves, 2, 3 & 4 Way

Valves, Balancing

Valves, Ball

Valves, Butter�y, Flanged, Brass or Bronze

Valves, Butter�y, Flanged, Iron

Valves, Butter�y, Flanged, Steel

Valves, Butter�y, Grooved Ends

Valves, Butter�y, Lug

Valves, Flow Control

Valves, Globe, Brass & Bronze

Valves, Globe, Iron Body

Valves, Mixing, Hot & Cold Water

Valves, Mixing, Steam & Water

Valves, Valve Operators

Valves, Zone Control
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KMC Controls® is an independent American manufacturer known for its customer focus and engineering genius. Their

product solutions for controlling HVAC systems increase operating ef�ciency, optimize energy usage, and improve IAQ.

BACnet digital controls, analog controls, pneumatic controls, sensors, meters, actuators, valves, and software make up

the company’s core business.

**Product Categories**

Building Automation Systems (BAS), Actuators

Building Automation Systems (BAS), Analog Controllers

Building Automation Systems (BAS), Building Automation Systems

Building Automation Systems (BAS), Digital Controllers

Building Automation Systems (BAS), Drivers

Building Automation Systems (BAS), Ethernet

Building Automation Systems (BAS), Network Diagnostic Equipment

Building Automation Systems (BAS), Pneumatic Controls, for HVAC Systems

Building Automation Systems (BAS), Pneumatic Controls, for Refrigeration Systems

Building Automation Systems (BAS), Routers

Building Automation Systems (BAS), Sensors/Transmitters/Transducers

Building Automation Systems (BAS), Software

Building Automation Systems (BAS), Thermostats

Building Automation Systems (BAS), Workstations

Building Automation Systems (BAS), Zone Controls

Energy Management Systems

Indoor Air Quality (IAQ), Air Cleaning System

Indoor Air Quality (IAQ), Duct Decontamination, Microbiological

Meters, Air Velocity

Meters, Volume, Air & Gas

Sensors, Electrical

Sensors, Leak

Sensors, Moisture

Sensors, Smoke

Software, Calculating Energy Consumption

Software, Data Acquisition

Software, HVAC/R

Software, Indoor Air Quality

Software, System Control & OptimizationValves, 2, 3 & 4 Way

Valves, Automatic Control

Valves, Automatic Shutoff with Manual Reset

Valves, Bypass

Valves, Digital

Variable Air Volume (VAV), Units, Variable Air Volume Control, for Air Conditioning

Table Of

Contents

April 2022

mailto:info@kmccontrols.com?Subject=Inquiry%20from%20your%20ES%20Sourcebook%20listing
https://www.kmccontrols.com/
https://www.kmccontrols.com/
http://www.esmagazine.com/directories/2744-sourcebook/listing/7150-kmc-controls


Sourcebook Premium Sponsorships

LG Electronics USA Inc.
4300 N. Point Pkwy., Ste. 200

 Alpharetta, GA 30022
 https://www.lghvac.com
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LG Air Conditioning Technologies is a leading manufacturer in the global air conditioning market with innovative

commercial and residential air conditioners and building management solutions. With a robust lineup of ducted and

duct-free products, LG enables customers to develop the solution that’s perfectly suited for their project.

**Product Categories**

Air Conditioners, AHUs

Air Conditioners, Duct split

Air Conditioners, Ductless split

Air Conditioners, Heat Pump

Air Conditioners, Portable

Boilers, Waste Heat Recovery

Building Automation Systems (BAS), Building Automation Systems

Building Automation Systems (BAS), Cooling

Building Automation Systems (BAS), Heating

Building Automation Systems (BAS), Software

Building Automation Systems (BAS), Thermostats

Building Automation Systems (BAS), Zone Controls

Ductwork & Related, Anti-Corrosive Duct Coatings
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Since 1984, Thermo-Cycler Industries has specialized in  energy ef�cient air turnover heating and ventilation systems

for industrial buildings and warehouses.  Equipment selections available in gas �red, oil �red, hot water, and steam from

200 Mbh to 2000 Mbh.

**Product Categories**

Heat Recovery Units

Heat Recovery Units, Air to Air, Rotary

Heat Recovery Units, Ventilators

Heaters, Indirect-Fired

Package Equipment Units, Makeup Air, Heating & Ventilating, Direct Fired

Package Equipment Units, Makeup Air, Heating & Ventilating, Indirect Fired

Ventilation/ Ventilators, Energy Recovery Ventilators

Ventilation/ Ventilators, Heat Recovery

Ventilation/ Ventilators, Unit, Mixing, Outdoor Air with Room Air
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