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Editor's Note

By Herb Woerpel

Load Flexibility
When it comes to decarbonization, America would be wise to follow

California’s lead.

SCROLL

       Carbon is in�ltrating the atmosphere, and the built environment is a primary perpetrator. Need proof? Buildings

generate nearly 40% of the world’s annual global CO2 emissions. 

       The effort to reduce these emissions, commonly referred to as decarbonization, centers on halting them from

entering the atmosphere before they are ever released. The path to decarbonization yields an intricate labyrinth

complete with legislative challenges, cost considerations, political divisiveness, grid overhauls, and more. For full-scale

results, decarbonization can't be done a la carte, it must be implemented at every level, from production to

consumption, through the power grid, supply chain, end users, etc.

       For the sake of our future, decarbonization is no longer a want; it’s a necessity. Twenty-four states and the District

of Columbia have established economy-wide greenhouse gas emissions targets, thus buildings must decarbonize to

adhere to the law. And, perhaps more importantly, decarbonization provides a solution to climate change, which was

recently quanti�ed in a report issued by the IPCC that states human in�uence has unequivocally warmed the

atmosphere, ocean, and land — and widespread, unprecedented changes have already occurred.

Image courtesy of [Image Source]/[Collection DigitalVision] via Getty Images.

California Love
       California, the third largest state in America, is quite environmentally conscious. While the state boasts 90% gas

distribution throughout, and more than 40% of its electric consumers fall in low- and moderate income brackets, the

Golden State's policymakers have not shied away from the challenge. Legislators have set a goal to be carbon-free by

2045, as outlined in the 2022 California Building Energy Ef�ciency Standards, which will take effect Jan. 1, 2023.  

       To meet this goal, the state will need to roughly triple its current electricity grid capacity and build up to 6 gigawatts

(GW) of new renewable and storage resources annually.

       When it comes to transitioning to a carbon-free electric system, the California Energy Commission (CEC) insists the

juice is worth the squeeze. In addition to social bene�ts, such as less air pollution and improved public health, the state's

pending energy evolution is expected to create thousands of jobs manufacturing and installing wind turbines and solar

panels, developing new clean energy technologies, and more.

       “The threat posed by climate change requires us to think and act boldly today,” said David Hochschild, chair, CEC.

“Building a carbon-free grid is foundational to achieving our climate goals and will provide well-paying jobs and cleaner

air to those who need it most.”

Load Flexibility
       Load �exibility, or the ability to shape the demand curve in real time and shift energy usage to low-carbon times, is a

key component to California — and the nation’s — decarbonized future.

       The use of grid-interactive technologies enables end users to more intelligently consume energy. Load �exibility

programs encourage the replacement of furnaces and gas water heaters with heat pumps, the proactive reduction of

energy use during peak times, the precooling of buildings prior to peak times, etc. Of course, buildings must implement

façade changes, including installing the proper insulation, changing out the lighting, sealing the building envelope, etc., to

ensure they are adequately cashing in on such energy savings.  

       California has proactively taken numerous steps to prioritize its use of load �exibility. These include:

1. Implementing a building code that values time-dependent use of energy, technologies that are ef�cient during

the peak period, and low-carbon energy equipment. Compliance credits are available for facilities with on-site

storage and load-�exible water heaters/HVAC systems.

2. Through SB 49, California legislators have regulatory authority to require all future appliance stock comes

equipped with load �exibility technologies. These devices include, but aren’t limited to, water heaters, pool

pumps, smart thermostats, and EV chargers.

3. The CEC is creating a platform where utilities will be required to post their time-dependent rates in a

machine-readable format on the internet/cloud that will support application programming interfaces (APIs).

This will allow third parties to create apps that will recognize/utilize rates in real time. In addition to rate

signals, the program, which is in its infancy, will offer a carbon content signal designed to identify grid

congestion. Prices and carbon/liability signals can be sent directly to the devices through automated, cloud-

based platforms, allowing such equipment to self-police their energy usage.

4. A four-year, $16 million consortium, including the Berkeley Lab, the Cal Flexible Demand Hub, and the U.S.

Department of Energy (DOE), has been created to spawn creative thinking around relevant technology and

business models.

The State of the Union
        While California is certainly an electri�cation early adopter, there's plenty of decarbonization bandwidth for all of

America. So, what speci�c steps can be taken locally to facilitate this transition?

1. Codes organizations must begin to develop guidelines that prioritize all-electric construction. Engineers can

and should follow suit through their speci�cations and designs.

2. The Biden administration enthusiastically supports electri�cation and is working on programs designed to

bring capital to this space via public-private partnerships. If you’re looking to personally invest in a sector, the

heat pump market is looking mighty bullish.

3. The national building stock only changes approximately 2% per year, so the majority of buildings currently in

existence will remain in use in 2045. Therefore, we can’t rely solely on new construction equipped with

cutting-edge technologies. Building performance standards that set real, individualized energy usage targets

should be strongly considered. Those who retro�t accordingly and meet or exceed such benchmarks should be

rewarded. Those who don’t must face a consequence.

4. Firms and policymakers must �gure out ways to bring low cost capital to this space. Models do exist in the

form of renewable energies, like solar, but this approach may not be replicable in all states.

5. Utilities must give more clout to time-dependent rates, offering value propositions to a marketplace that uses

energy more sensibly. Utilities must also be more transparent with their rates. This information is available, so

why not make it as visible as possible?

Conclusion
       Whether you like it or not, America is pivoting toward electri�cation. This distributed energy future, driven by

automation that reactively operates in real time, is relevant in all markets — all the way down to individual devices.

       There’s an amazing amount of creativity in this space right now. The tools are available, and the technical ability

exists — California’s policy offers a living, breathing case study.

       Through assertive building codes, future-forward thinking, and a healthy dose of intuitiveness, we can reduce our

energy footprint. The competence and ability are readily available. The question is, are we willing to put them to use?

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

Sofia Berger to Lead U.S. Transportation Business
at WSP USA

SCROLL

       NEW YORK — So�a Berger has been named executive leader of the transportation

national business line at WSP USA, one of the nation’s largest engineering and professional

services consultancies. Berger, who currently is deputy director of the advisory national

business line, assumed her new role leading the company’s largest business line on Sept. 20.

       Berger will succeed Joseph G. Pulicare, P.E., who will retire at the end of 2021 after more

than four decades of distinguished leadership in the private and public sectors. Pulicare has

led transportation since 2016 and served on the WSP USA executive leadership team. 

       As senior vice president and deputy director of advisory since January, Berger has

helped drive project performance and strategic growth for the national business line. She

also is a key member of the WSP team evaluating the U.S. infrastructure bill and preparing

for its passage, which will set the stage for the nation’s transportation future.

U.S. Green Building Council
Appoints Peter Templeton Interim

President and CEO

       WASHINGTON — The U.S. Green Building Council (USGBC) board of directors announced that Mahesh

Ramanujam will be stepping down as president and CEO of USGBC, Green Business Certi�cation Inc. (GBCI), and Arc

Skoru, effective Nov. 1. This announcement comes as a part of the organization’s review of its structure, go-to-market

strategy, and leadership to optimize its support of the green building community; expand the green building

marketplace; increase access to sustainable, healthy, and resilient places; and ensure organizational excellence.

       “Mahesh Ramanujam has a deep dedication to the green building movement and has worked tirelessly to advance

the goals of sustainability and health in the past decade,” said Dr. Aaron Bernstein, interim director, Center for Climate,

Health, and the Global Environment at the Harvard T.H. Chan School of Public Health and USGBC board chair. “The

USGBC board thanks him for his leadership and knows he will bring his immense energies and talents to bear upon

actions that will make our world better for all.”

    The board appointed Peter Templeton, the current president and CEO of Cradle-to-Cradle Products Innovation

Institute, to serve as USGBC’s interim president and CEO while it conducts a formal CEO search. Templeton previously

served as the �rst president of GBCI from 2009-2012 and as senior vice president of USGBC.

Vertiv to Acquire the E&I
Engineering Group for
$1.8 Billion

       COLUMBUS, Ohio — Vertiv Holdings Co., a global provider of critical digital infrastructure and continuity solutions,

has entered into a de�nitive agreement to acquire E&I Engineering Ireland Limited and its af�liate Powerbar Gulf LLC

for approximately $1.8 billion in upfront consideration plus the potential for up to $200 million in cash, based on

achieving certain 2022 pro�t milestones. The upfront consideration consists of $1.17 billion in cash and approximately

$630 million of Vertiv common stock. The transaction has been unanimously approved by Vertiv’s board of directors

and is expected to close in the fourth quarter of 2021, subject to customary closing conditions.

       Founded in 1986 by Philip O’Doherty, E&I is an independent provider of electrical switchgear and power

distribution systems, pioneering unique in-house integrated power solution designs and technology tailored to

individual client project needs. With annual sales of approximately $460 million and 2,100 employees, E&I has a long

heritage in the power distribution market and deep relationships with a blue-chip customer base in more than 30

countries. E&I’s products represent a critical system of the data center power infrastructure and compete in an

addressable market of about $7 billion, which is expected to grow 5% annually through 2025.

Energy Management Association,
Association of Energy Service Professionals

form Partnership

       WASHINGTON — The Energy Management Association (EMA) signed a memorandum of understanding with the

Association of Energy Services Professionals (AESP) to facilitate collaboration, education, training, and information

sharing.

       “EMA is excited to announce a new partnership with the Association of Energy Service Professionals,” said Chris

Smith, CxA, EMP, Jacobs Engineering, and president of the EMA. “We believe that combining our resources can better

drive both of our missions of advancing and supporting professionals who provide energy services.”

       As part of this agreement, AESP members receive a discount on EMA’s training offerings, such as Energy

Management Professional Seminars, which explain EMA’s commissioning-based approach to energy management that

maximizes energy savings and optimizes building performance and; O&M training courses, which instruct building and

facility managers in basic principles aimed at improving energy ef�ciency and system performance.

       Being a part of the larger alliance — the Authorities in Building Performance — EMA offers AESP members

relationship-building opportunities with members of the AABC Commissioning Group (ACG) and the Associated Air

Balance Council (AABC). Together, this network consists of more than 600 member companies and 2,500 certi�ed

professionals in the testing, adjusting, and balancing; commissioning; and energy management industries.

California Energy Commission
Adopts 2022 Building
Standards

       SACRAMENTO — The California Energy Commission (CEC) adopted its 2022 Building Energy Ef�ciency Standards

(energy code) for newly constructed and renovated buildings that will produce bene�ts to support the state’s public

health, climate, and clean energy goals.
        As the state's primary energy policy and planning agency, the CEC adopts standards every three years to cost-

effectively increase the energy ef�ciency and lower the carbon footprint of buildings. Homes and businesses use nearly

70% of California’s electricity and are responsible for a quarter of the state’s greenhouse gas (GHG) emissions.
        The 2022 update will be submitted to the California Building Standards Commission (CBSC), which is scheduled to

consider it in December. If approved by the CBSC, it would go into effect on Jan., 1, 2023, giving builders, contractors,

and other interested parties a year to gear up for the changes.

Thermal Management
Solutions Group Appoints
Dirk Becker Vice President
of Sales, Marketing, and
Engineering

       READING, United Kingdom — The recently formed Thermal Management Solutions Group, an automotive thermal

management systems provider, has appointed Dirk Becker as vice president - sales, marketing, and engineering.
        His appointment spearheads the company’s transition to a supplier focused on the next generation of electri�ed

vehicles as well as internal combustion engine thermostats. Bringing more than 25 years of global automotive

experience to the role, Becker’s combined strategic management of the group’s sales and engineering operations will see

the continued development of current and future opportunities for customer collaboration. 
        Becker joins the business from Johnson Electric International AG, where he spent 10 years as the vice president of

sales and marketing for Europe, working with Daimler, BMW, VW, ZF, Conti, Brose, and Bosch. Previous roles have

included European sales manager for fuel handling at Delphi Automotive, gaining responsibility for accounts with VW

Group, BMW, and Daimler and as global customer manager at BMW Group. Previous to his sales roles, Becker also has

signi�cant engineering experience and studied applied science at Aachen University in Germany.

       Becker replaces Paddy Lange, who will soon leave the group to pursue new opportunities. Lange will continue to

work closely with the company until his departure at the end of October to ensure a seamless transition and complete

business continuity.
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On The Internet

       Every successful project starts with a framework. A vision statement. A blueprint. The staff of Engineered Systems
are proud to present The Blueprint — a monthly Q&A interview with HVACR engineering’s leading voices. These one-

on-one discussions will examine the trade’s history, current industry trends, the factors shaping the sector’s future, and

more.

       In the most recent installment of The Blueprint, Dick Pope, segment head for connected devices and application

center of competence at Siemens Smart Infrastructure USA, discussed connected devices, smart infrastructure, the

future of American buildings, and more.

Engineered Systems: Indoor air quality continues to be a big focus for everyone. What kinds of measurements should

HVAC engineers/facility managers pay particular attention to?

Pope: IAQ risks speci�c to HVAC systems can include under-heating, failure to cool, or inadequate ventilation.

Improperly functioning HVAC systems not only impact operational costs but present several challenging issues

including potential lawsuits for unhealthy work environments and employee well-being, impacting productivity and

quality of work. Poor air conditions or lack of comfort can also lead to a poor image for the building manager/owner,

loss of tenants and business, or high employee turnover rate. When HVAC systems are not functioning properly,

conditions can diminish rapidly, such as mold (high humidity), lack of fresh air (poor ventilation and dirty �lters), high

levels of particulate matter (�lters not being replaced), and the inability to meet temperature set points. It’s increasingly

important to proactively monitor air quality attributes, including carbon monoxide, carbon dioxide, particulate matter,

temperature, humidity, and air pressure. Sensors placed within critical areas of the building are key to monitor system

performance.

Engineered Systems: What do you think will be the next big thing with HVAC systems/controls? Maybe this is something

that’s still on the horizon or something that isn’t being used prevalently right now but might become more commonplace

�ve, 10, or 20 years from now.

Pope: Equipment-based automation will continue to evolve for both new equipment and retro�t solutions; however, it

will not just be a smart controller or individual end device. Engineered equipment systems will work in harmony to

continually improve operation, ef�ciency, and healthy environments. Past learnings from occupant preferences and

equipment operation are already being used to improve ways to remotely identify problems and pinpoint the part that

needs to be replaced/repaired as well as continued improvement of operation. New technologies to tackle these

challenges will see continued leaps in progress during the upcoming years.

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, Anoosheh Oskouian, president and CEO, Ship and Shore Environmental Inc., addresses the

importance of pollution abatement and sanitization.  

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

There's More to Explore

Facebook Twitter LinkedIn YouTube

Photo courtesy of Unsplash & Pixabay

BOILER 2022
It starts April 2022. It starts in Dallas. It starts with boilers. Watch this video to learn more about the American Boiler

Manufacturers Association’s (ABMA’s) BOILER 2022 event 

See the video on Engineered Systems’ website.

20 to Watch: Women in HVAC
       Know of an exemplary woman working in the HVACR engineering sector? Nominate her for Engineered Systems' 20

to Watch: 2022 Women in HVAC!

       Nominations are now open and will run through Oct. 15. We’re looking for women at all steps of the industry — not

just the most powerful and/or in�uential. The only requirement is that nominees have to be women and work in the

HVACR engineering sector.

Nominate your Leading Lady by clicking here.
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Back 2 Basics

Ammonia Chiller Replacement for a High-
Performance Health Care Central Plant Using
Construction Management Project Delivery

SCROLL

Project Delivery Method: Construction management at risk (CM) with guaranteed maximum price (GMP)

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

manager (in-house staff)

Project Delivery Team: CM project manager; job superintendent; mechanical-electrical coordinator; and plumbing,

electrical, structural, �re protection, safety, and security consultants

HVAC Project Team: HVAC project manager-subcontractor; building automation system (BAS) technician (in-house

staff); BAS technician-subcontractor; operations and maintenance (O&M) technician (in-house staff); third-party

commissioning consultant (CxC); and testing, adjusting, and balancing (TAB) technician

Refrigeration 2018 ASHRAE Handbook: “Ammonia Refrigeration Systems,” Chapter 2

HVAC Application 2019 ASHRAE Handbook: “Health Care Facilities,” Chapter 9

Systems 2020 ASHRAE Handbook: “HVAC System Analysis and Selection,” Chapter 1, and “Central Cooling and

Heating,” Chapter 3

Project Type: Infrastructure enhancement

Other References: Refer to the codes and standards in the back of each ASHRAE Handbook for additional reference.

International Institute of Ammonia Refrigeration (IIAR) Bulletin 108, “Water Contamination in Ammonia Refrigeration

Systems,” IIAR Bulletin 109, “IIAR Minimum Safety Criteria for a Safe Ammonia Refrigeration System,” IIAR Bulletin

110, “Start-Up, Inspections and Maintenance of Ammonia Mechanical Refrigerating Systems,” and IIAR Bulletin 114,

“Identi�cation of Ammonia Refrigeration Piping and System Components.” Also reference Construction Management

Association of America (CMAA) and IIAR materials

DESIGN INTENT DOCUMENT (DID)
The HVAC system selection and design intent are based on the process outlined in ASHRAE Handbook 2020,
Chapter 1, “HVAC System Analysis and Selection,” and include the following:

Research the concept of furnishing and installing an ammonia chilled water plant considering existing conditions,
�rst cost, and operating cost
Research and report on the environmental bene�ts of ammonia versus ongoing traditional refrigerant usage
Establish and implement the hospital building program’s goals and additional goals
System constraints and constructability constraints
The �nalized system selection shall be central cooling plant replacement of 2- to 200-ton antiquated electric
chillers with 2- to 200-ton ammonia chillers
New automatic temperature controls (ATCs) furnished with each chiller control panel, a BACnet interface, an
internet interface, and safety and security systems associated with the ammonia chiller plant operation. New
control systems will be interfaced with the existing BAS system and the existing computerized maintenance
management software (CMMS) system

Program & Project Goals:
The aforementioned functional goals and environment goals of ozone depletion potential (ODP) of 0 and a global
warming potential (GWP) of 0
Budget goals: �rst cost, operating cost, and global warming difference
Timeline goal(s): complete prior to the start of air conditioning season (May 1)  
Management goals: In-house management; capital projects management; and mechanical/electrical operation, and
maintenance management of ammonia
Utility availabilities: existing electrical power, central plant chilled water system distribution, and BAS
Existing conditions: Remove and replace the antiquated electrical chillers and chilled water pumps

DESIGN CRITERIA DOCUMENT
The HVAC design criteria shall be in sync with the project delivery method and the owner’s project requirements
A new central chilled water plant will replace the existing units while reusing recently replaced high-performance
cooling towers
Replace antiquated constant volume chilled water pumps and head-pressure controls with new chilled water pumps
with variable frequency drive (VFD) controls
The design team shall provide contract drawings and speci�cations coordinated with equipment weight, electric, and
plumbing criteria for the CM project manager to solicit contractor bids
Field fabrication piping drawings shall become the record drawings at closeout
New equipment shall be furnished with O&M manuals immediately following the approval of this equipment for the
O&M staff to begin their training
The preventive maintenance work orders shall be uploaded to the in-house O&M CMMS
The design team and CM �rm will refer to IIAR and ASHRAE guidelines for design, construction, and commissioning
best practices
Implement ASHRAE Guideline GPC-22, “Instrumentation for Monitoring Central Chilled Water Plant Ef�ciency”
The O&M staff shall receive specialized training associated with the use of ammonia refrigeration as well as standard
central chiller plant training

The chemical makeup of ammonia.

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 at Risk (CM) with Guaranteed Maximum Price (GMP)

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

Owner Team:
Hospital President

Building Program Committee

Safety and Security Consultant

Project Manager of Capital Projects

Project Delivery Team:
D-B Project Manager

CM Project Manager

Architect

Job Superintendent

Mechanical-Electrical Coordinator

Safety and Security Consultant

HVAC Project Team:
HVAC Project Manager-Subcontractor

HVAC Technician (in-house staff)

BAS Technician (in-house staff)

Third-Party Commissioning Consultant (CxC)

Energy Consultant

2018 ASHRAE Handbook-HVAC Application
Ammonia Refrigeration Systems, Chapter 2

Cryogenics, Chapter 47

Ventilation of Industrial Environment, Chapter 48

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

Decentralized Cooling and Heating, Chapter 2

Central Cooling and Heating Plant, Chapter 3

Compressors, Chapter 38

Liquid Chiller Systems, Chapter 43

Project Type:
New Construction

Addition

Renovation

Shell & Core

Infrastructure (central cooling)

References:
2017 ASHRAE Handbook – Fundamentals

2018 ASHRAE Handbook – Refrigeration

2019 ASHRAE Handbook – HVAC Applications

2020 ASHRAE Handbook – HVAC Systems and Equipment

Other References:
Codes and Standards at the End of ASHRAE’s Handbooks

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

IIAR Bulletins 108, 109, 110, and 114

NFPA 101

DESIGN INTENT DOCUMENT (DID)
Research into the Application of Ammonia Refrigeration

Hospital Building Program Goals and Additional Goals

New Automatic Controls Temperature Controls (ATC) Furnished with each Chiller, BACnet Interface, Internet

Interface, an Existing BAS Interface, and Existing CMMS System Interface

Functional Goals: Refer to Chapter 1, 2019 Handbook

Budget Goals: First Cost, Operating Cost, Global Warming Difference

Timeline Goal(s): Occupancy Due Date — August  

Management Goals: Outsource Management and Capital Projects Management

Utility Availabilities: Existing Electrical Power and BAS

Existing Conditions: Remove and Replace Central Chillers and Associated Chilled Water Pumps

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

A New Central Chillers shall Replace the Existing Units to Signi�cantly Reduce Ozone Depletion Potential and

Global Warming Potential

The New Chillers and New Cooling Towers will Reduce the Carbon Footprint

The Design Team Shall Provide Contract Drawings and Speci�cation Coordinated with Equipment Weight, Electric,

and Plumbing Criteria for the CM Project Manager to Solicit Contractor Bids

Field Fabrication Drawings Shall Become the Record Drawings at Closeout

Heat Rejection Equipment Shall Be Furnished with O&M Manuals

The Preventive Maintenance Work Orders Shall Be Uploaded to the In-House O&M CMMS System

The Design Team and CM Firm will Refer to IIAR and ASHRAE Guidelines for Design, Construction, and

Commissioning Best Practices

Implement ASHRAE Guideline GPC-22, Instrumentation for Monitoring Central Chilled Water Plant Ef�ciency

The O&M Staff Shall Receive Specialized Training Associated with the Use of Ammonia Refrigeration as well as

Standard Central Chiller Plant Training

-  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 at Risk (CM) with Guaranteed Maximum Price (GMP)

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

Owner Team:
Hospital President

Building Program Committee

Safety and Security Consultant

Project Manager of Capital Projects

Project Delivery Team:
D-B Project Manager

CM Project Manager

Architect

Job Superintendent

Mechanical-Electrical Coordinator

Safety and Security Consultant

HVAC Project Team:
HVAC Project Manager-Subcontractor

HVAC Technician (in-house staff)

BAS Technician (in-house staff)

Third-Party Commissioning Consultant (CxC)

Energy Consultant

2018 ASHRAE Handbook-HVAC Application
Ammonia Refrigeration Systems, Chapter 2

Cryogenics, Chapter 47

Ventilation of Industrial Environment, Chapter 48

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

Decentralized Cooling and Heating, Chapter 2

Central Cooling and Heating Plant, Chapter 3

Compressors, Chapter 38

Liquid Chiller Systems, Chapter 43

Project Type:
New Construction

Addition

Renovation

Shell & Core

Infrastructure (central cooling)

References:
2017 ASHRAE Handbook – Fundamentals

2018 ASHRAE Handbook – Refrigeration

2019 ASHRAE Handbook – HVAC Applications

2020 ASHRAE Handbook – HVAC Systems and Equipment

Other References:
Codes and Standards at the End of ASHRAE’s Handbooks

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

IIAR Bulletins 108, 109, 110, and 114

NFPA 101

DESIGN INTENT DOCUMENT (DID)
Research into the Application of Ammonia Refrigeration

Hospital Building Program Goals and Additional Goals

New Automatic Controls Temperature Controls (ATC) Furnished with each Chiller, BACnet Interface, Internet

Interface, an Existing BAS Interface, and Existing CMMS System Interface

Functional Goals: Refer to Chapter 1, 2019 Handbook

Budget Goals: First Cost, Operating Cost, Global Warming Difference

Timeline Goal(s): Occupancy Due Date — August  

Management Goals: Outsource Management and Capital Projects Management

Utility Availabilities: Existing Electrical Power and BAS

Existing Conditions: Remove and Replace Central Chillers and Associated Chilled Water Pumps

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

A New Central Chillers shall Replace the Existing Units to Signi�cantly Reduce Ozone Depletion Potential and

Global Warming Potential

The New Chillers and New Cooling Towers will Reduce the Carbon Footprint

The Design Team Shall Provide Contract Drawings and Speci�cation Coordinated with Equipment Weight, Electric,

and Plumbing Criteria for the CM Project Manager to Solicit Contractor Bids

Field Fabrication Drawings Shall Become the Record Drawings at Closeout

Heat Rejection Equipment Shall Be Furnished with O&M Manuals

The Preventive Maintenance Work Orders Shall Be Uploaded to the In-House O&M CMMS System

The Design Team and CM Firm will Refer to IIAR and ASHRAE Guidelines for Design, Construction, and

Commissioning Best Practices

Implement ASHRAE Guideline GPC-22, Instrumentation for Monitoring Central Chilled Water Plant Ef�ciency

The O&M Staff Shall Receive Specialized Training Associated with the Use of Ammonia Refrigeration as well as

Standard Central Chiller Plant Training
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Case In Point

Northern California School District Installs
1,500 Carrier OptiClean Units to Support

Healthier Indoor Environments

SCROLL

Manteca Uni�ed School District plans to use OptiClean air scrubbers in every classroom to
provide improved IAQ across its facilities.

       To prepare for its facilities fully reopening to students and staff, northern California’s Manteca Uni�ed School

District installed 1,500 Carrier OptiClean™ Dual-Mode Air Scrubber and Negative Air Machines to purify the air in

classrooms across its 30 schools. The OptiClean units will help to improve indoor air quality (IAQ) for the district, as its

more than 27,000 students, teachers, and staff return to campuses.

       “We’ve spent the last several months analyzing every facet of our organization in order to develop a comprehensive

strategy designed to create a healthier environment for our students and staff,” said Dr. Clark Burke, superintendent,

Manteca Uni�ed School District. “The air quality in our area is often affected by the extensive local agricultural industry,

and, lately, regional wild�res have also contributed to poor air quality. After reviewing a number of IAQ solutions

available, we are con�dent that the OptiClean product is the right �t for our needs. By placing an OptiClean unit in each

classroom, we feel that we’ll not only help improve our IAQ but also provide peace of mind to our students, their

parents, and staff.”

FIGURE 1: Jorge Rodriguez, custodian at McParland School in Manteca Uni�ed School District, stands with the district’s
�rst delivered OptiClean unit. 
Photo courtesy of Carrier

       “Schools and school districts continue to evaluate the IAQ of their facilities and what can be done to help improve

those environments for their students and staff,” said Justin Keppy, president, NA residential and light commercial,

Carrier. “We’re pleased to be working with Manteca Uni�ed School District by providing one part of the solution for

healthier and safer indoor environments. Our OptiClean units can help reduce contaminants in classroom air and

inspire con�dence for parents, students, teachers, and staff as school districts safely return to in-person learning.”

       Manteca Uni�ed School District is one of several in California to choose OptiClean equipment as part of its IAQ

solution. Among others are Southern California’s San Bernardino City Uni�ed and Alvord Uni�ed school districts. The

two recently purchased 3,700 and 1,500 units, respectively, in anticipation of the return of their collective 80,000

students, teachers, and staff.

       The OptiClean Dual-Mode Air Scrubber and Negative Air Machine has been named one of TIME’s 100 Best

Inventions of 2020. It was developed through rapid innovation in early 2020 to help support infectious isolation rooms

in hospitals as a negative air machine. TIME featured the OptiClean Air Scrubber and Negative Air Machine in the

medical care category of its annual list that recognizes 100 groundbreaking inventions that are making the world better

and smarter.
        OptiClean is one of a number of solutions offered through Carrier's Healthy Buildings Program that was recently

expanded to help K-12 students, teachers, and staff safely return to in-school instruction. The new BluEdge K-12

program provides an outcome-based approach to help schools easily select the best IAQ kits for their needs, with

attractive pricing and easier implementation.
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Commissioning

Loss of Power Response
Testing

An LOPR test involves all systems connected to the generator power supply.

SCROLL

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

       If a building has an electrical generator for power outages, one of the most valuable commissioning tests will be the

loss of power response (LOPR) test, also known as a pull-the-plug test. This is one of the last tests performed on a

project and is a perfect example of an integrated systems test.

       Despite the name, the LOPR test is more than just an electrical test. It involves all systems connected to the

generator power supply, including life safety, lighting, security, HVAC, process equipment, computer rooms, etc.

Electrical testing-only can con�rm the generator starts when utility power is lost and transfers power through one or

more automatic transfer switches (ATSs) in a timely fashion. It can also con�rm that electrical distribution from the

main service properly returns to normal when utility power is restored.

       The LOPR test, however, is necessary to verify that the generator power actually gets to every load it is intended to

serve and that those loads operate as expected during and after the transfer to generator power. The central generator

and ATS system is useless if the downstream parts of the systems do not perform reliably during a utility power outage.

The owner would not have invested in the generator system if the loads served by it were not of critical importance.

Therefore, testing the backup/emergency/life safety power system from end-to-end is imperative. 

       Without the LOPR test at the end of construction, performance issues (if any) will not present themselves until the

�rst power outage. That’s usually a bad time for the owner to learn that a critical system or piece of equipment does not

perform as expected under generator power.

FIGURE 1: An indoor generator. 
Image courtesy of QSEng

       Planning for and conducting an LOPR test is always a team effort. If it is simply a life safety generator system, the

team might be limited to the electrical contractor, life safety contractor, owner’s operations staff, and commissioning

professional. If the generator backs up elevators and/or HVAC systems, the team will grow to include the mechanical

contractor, controls contractor, and elevator contractor. When other critical owner systems and equipment are served

by the generator, the owner’s representatives on the team may include in-house departments, such as IT, security,

medical equipment, data center, research, archives, etc.

       The main reason LOPR is one of the last commissioning tests is because it is most meaningful if the

equipment/systems are installed and started up, to the greatest extent practical, prior to the test. In addition, all of the

HVAC and other system functional performance testing should be completed to con�rm that these systems operate as

intended on normal power. We only want to identify problems related to the backup/emergency/life safety power

system during the LOPR.

       On the day (or night) of the test, representatives of every load on the generator power system should be on-site to

con�rm proper operation of their equipment/systems when utility power is lost. They are not only the best judges of

“proper operation,” but divvying up the veri�cation work to many people will minimize the time required for the test.

Keep in mind, when the LOPR is conducted, all building loads not served by the generator will have no electrical power.

       As important as it is to con�rm operation of all systems on generator power, it is also important to con�rm that

when normal power is restored, each served system/component continues operating properly during and after the

transition back to utility power. This could make the duration of the LOPR test almost twice as long as checking

operation only on generator power.

       The LOPR can be a costly and disruptive test to conduct. Each building owner needs to perform his or her own risk

assessment and cost/bene�t analysis. Do they want to assume their new or modi�ed backup/emergency/life safety

power system will perform during the �rst utility power outage, or do they want to proactively verify its performance

when the full project team is engaged to address any anomalies?

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

Optimizing the Indoor
Environments of Nursing Homes

Increased acute and chronic in�ammation, oxidative stress on target organs,
and worsening of underlying pulmonary and cardiovascular disease are some

of the veri�ed risks of suboptimal IAQ.

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

SCROLL

       Nursing home residents and their families have endured tragic losses from the COVID-19 pandemic. Sadly, this

vulnerable population may once again be disproportionately affected by illness from new SARS-CoV-2 variants.

       Because of the pandemic, the �nancial burdens on nursing home facilities are staggering. More than half of nursing

homes recently surveyed reported they are operating at a loss, and 72% said they will not be able to sustain operations

for another year at the current pace.1 Much of this �nancial strain has been driven by an increase in unavoidable

expenses from purchasing personal protective equipment (PPE) and paying for additional staf�ng. Compounding the

budget strain from increased spending are decreased pro�ts. Higher mortality rates along with transference of

residents to hospitals for additional care have resulted in more unoccupied beds in many nursing homes.

       What else can we do to improve this situation?

       Nursing home residents, most of whom are 65 or older, often have underlying chronic medical conditions and

reduced immune defenses. Furthermore, they spend most of their time indoors, where concentrations of contaminants

are often higher than they are outdoors. Indoor exposures are usually undocumented because they have not historically

been monitored or regulated, yet they can play a signi�cant role in the morbidity and mortality of residents.2

       In the past several years, medical studies have begun to reveal the signi�cance of indoor air pollutants on the

respiratory health of elderly nursing home residents. Increased acute and chronic in�ammation, oxidative stress on

target organs, and worsening of underlying pulmonary and cardiovascular disease are some of the veri�ed risks of

suboptimal IAQ.3

       The rapid spread of COVID-19 in nursing homes has underscored the need to understand the contribution of

indoor environments to the airborne transmission of infectious diseases. While COVID-19 highlighted the need to

make the relationship between building occupant health and the indoor environment visible, this clarity will bene�t all

humans who use buildings for work or shelter.

Photo courtesy of Unsplash

The Relationship Between IAQ and Speci�c Medical Conditions
       Large studies of U.S. and European nursing homes have found that exposure to elevated concentrations of indoor

particulate matter and nitrogen dioxide (NO2) are associated with shortness of breath, coughing, and wheezing.

Elevated indoor NO2, formaldehyde, and PM0.1 concentrations are associated with decreased lung function and

chronic obstructive pulmonary disease (COPD); allergic rhinitis is associated with high indoor concentrations of PM10;

volatile organic compounds (VOC) and PM2.5 increase pulmonary infections and in�ammation; and high PM2.5

concentrations are associated with increased blood pressure.

       Surprisingly, and very concerning, are that these IAQ and health associations were found in nursing homes, where

building management complied with national guidelines. One study revealed that only 19% of nursing homes had

adequate ventilation as determined by indoor carbon dioxide (CO2) concentrations.4

Nursing Home Lost Revenue
       A less visible consequence of exposure to indoor air pollutants, even at low concentrations, is their role in catalyzing

resident transfers to emergency departments to treat sudden deteriorations in health.5 Transfers for acute care is

costly and frightening for both patients and family members. Furthermore, if residents are admitted to the hospital for

longer care, they risk harm from adverse events, such as health care-associated infections (HAIs) from drug-resistant

infections.

       When residents are hospitalized, Medicare, Medicaid, and private insurers withhold or reduce payment to nursing

homes for “empty bed days.” The reimbursement rates for “bed hold” days vary by state from no reimbursement at all to

partial reimbursement. Almost all states limit the number of days covered and reduce the payment amounts to 30% to

75% of their Medicaid per diem rate. Clearly, empty bed days due to hospitalization of residents creates �nancial

hardships on nursing homes across the U.S.

       Optimizing nursing home indoor environmental factors, including indoor air pollution, can both improve the health

of residents and create greater pro�tability for the facility in the following ways:

Decrease transfers to acute care hospitals;

Reduce patient deaths;

Avoid room rearrangements to accommodate patients with infections;

Avoid empty beds;

Reduce staff turnover by reducing employee stress from sick and dying residents; and

Improve market share by demonstrating to families a comprehensive approach to care.

       Now is the time to broadly utilize monitoring solutions that identify environmental contaminants that impact

occupant health. This visibility creates an avenue for proactive remediation, when needed, thereby safeguarding the

health of nursing home residents and mitigating lost revenue from avoidable acute care transfers and hospitalizations.6

       Pulling back the curtain to reveal the connection between the indoor environment and human health is undeniably a

win-win endeavor.

1.  Parkinson, M. State of Nursing Home Industry: Facing Financial Crisis and Staf�ng Challenges. American Health

Care Association and National Center for Assisted Living, Dec. 2020.

2.  Bentayeb, M. Indoor air quality, ventilation and respiratory health in elderly residents living in nursing homes in

Europe. Eur Respir J 2015; 45: 1228-1238.

3.  Ailshire, J. Fine particulate matter air pollution and cognitive function around older US adults. Am J Epidemiol.

2014;180(4):359–366.

4.  Ibid. Bentayeb 2015

5.  Reddy,M. Inadequate indoor air quality in nursing homes: An unmet medical need. Sci Total Environ, 2021 April

15; 765:144273

6.  Vasilevskis, E. Potentially Avoidable Readmissions of Patients Discharged to Post-Acute Care: Perspectives of

Hospital and Skilled Nursing Facility Staff. J Am Geriatr Soc. 2017 Feb.; 65(2): 2269-276.

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

Building Security Measures for
HVAC Systems — Step By Step

Differentiating the Rated, Bronze, Silver, Gold, and Platinum levels of security.

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

SCROLL

       Over the last two months, I’ve examined how to determine the risk to a facility and a methodology for performing a

relatively simple risk analysis. One of the remaining questions is what to do once you've determined the risks? This

column will explore that question, again using the American Society of Civil Engineers (ASCE) Manuals and Reports on

Engineering Practice No. 128, “Building Security Rating System,” to illustrate the concepts. The overall risk in the

manual is quanti�ed as one of �ve required levels of security ranging from “Rated,” the minimum security that any

building should implement, to “Platinum,” the highest level of security appropriate for the most valuable or vulnerable

buildings. Based on the required security level, the document directs users to several countermeasures that are divided

by the building system category and increase in number, effectiveness, and cost as one moves up the required security

rating ladder.

       Let’s focus this discussion on the “mechanical” and “equipment maintenance and operations” categories and explore

how the countermeasures build on each other to provide increasing levels of protection. Starting with operation and

maintenance, at the Rated level, there is only a single countermeasure suggested, “Access to building information is

restricted.” This is a very basic precaution and is meant to ensure that only those who need to know are aware of how

the building operates. At Bronze-level security, the requirements are having up-to-date drawings of major systems and

an updated operations manual. At the Silver level, a preventive maintenance schedule for ventilation systems is

additionally required. In addition to rebalancing critical air systems once a year and testing backup power monthly, as

are required for the Gold level, the Platinum level adds performing periodic recommissioning of systems. What we can

see is that each step of enhanced security builds on the previous steps, generally comes at an increased cost, and that

the implementation effort involved re�ects the risks that are being addressed.

Image courtesy of Unsplash

       The list of countermeasures for the mechanical systems security is more extensive, and only a few highlights that

demonstrate the type and escalating nature of actions as the threat/impact increase are discussed. Starting with access

to equipment, at the Rated level, the only requirements are that access points, both interior and exterior (ladders,

hatches, etc.), are restricted to authorized personnel, and that doors to mechanical rooms are kept locked. No additional

security requirements regarding access are provided for the Bronze level. The Silver risk level requires that air intakes

are moved from easily accessible areas; HVAC equipment is not kept in high-risk areas, such as loading docks; and that

return air grilles are secured from general access. Finally, at the Gold and Platinum risk levels, the physical security of

mechanical systems is further enhanced with monitoring (CCTV, guards, etc.) of air intake locations and that an

automated system is used to control and monitor access.

       When considering countermeasures involving air �ltration or advanced design, the normal building design practices

are deemed suf�cient for Rated and Bronze risk level categories, and no further action is required. However, as the

threat/impact level increases, additional measures are required. HEPA �lters are required on all air-handling systems at

the Silver level, and gas adsorption �lters are additionally required at the Gold level. The use of air-plume models to

determine threat to the facility are implemented at the Gold level, while the results of that analysis are further

implemented to locate air intakes at the Platinum level. The Platinum level has several additional requirements, such as

the use of low leakage, fast-acting dampers on the air intakes, and designing with suf�cient space and access to allow

the future installation of CRB-detection technology and large �lter assemblies. 

       Achieving appropriate security for a building requires that the entire process be put together in a logical manner.

The level of risk faced by a building must be combined with the goals of the owner, and appropriate security measures

must be subsequently designed and implemented to achieve those goals and mitigate the risks all while keeping in mind

the cost-effectiveness of the solutions. In future columns, I will discuss other questions, such as how to handle a change

of occupancy, that can affect security or the development of new threats that were not initially considered.

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

Lessons from an 
Integration Project

By Matthew Foley, P.E.

SCROLL

It can be really easy to be so caught up in the requirements, speci�cations, manuals, and
drawings that you lose track of what the customer really wants.

       The company I work for recently completed a project for a local community college customer, and this project had a

more involved integration scope than is typical for us, so there were some lessons learned. I’m committing some of

those lessons to this article, in hopes they can be helpful to others. The scope included the following systems:

One main electrical power meter;

Eleven electrical submeters;

Three automatic transfer switches;

One emergency generator;

One uninterruptible power supply (UPS);

Two domestic water heat exchangers;

Three lighting panels (one per �oor); and

Three fan �lter units (clean room application).

       

       Construction management professionals will often separate construction project issues related to integration into

their own class of tracking, because they can require so much coordination between trades.

Lesson 1: Integration Is 90% Homework
       Integration provides a valuable resource to building owners in the observability of their various building systems,

but the means by which it’s accomplished can vary widely between different equipment manufacturers. For that reason,

a comprehensive product manual for the equipment you are integrating is a must-have as well as contact information

for technical support teams. Here is a list of things we found out by conducting thorough research and talking with

technical support for the different equipment:

The main power meter features a net energy export value in kWh, but it comes in the form of four separate

numeric values that must be manipulated into a much larger number. This is a topic that begins to venture into

computer science territory.

The wiring terminations for serial communications on the automatic transfer switches are not documented in the

product manuals nor are they marked. Only a phone call to technical support revealed this, and we wanted this

information in hand prior to a building shutdown, which was necessary to make the terminations.

The UPS had a network communication card whose address could only be assigned through the use of a speci�c

USB cable, some software drivers, and an undocumented password for onboard webpages. Again, only a call to

technical support delivers this information.

Every single numeric value that was integrated from the emergency generator required some sort of rescaling

and/or engineering unit conversion. This information is not in a primary product manual, and we needed to request

a Modbus register map.

The domestic water heat exchangers were originally installed without a communication card option installed. It

took reading an obscure product manual that documented model number conventions and a phone conversation

with the vendor’s salesperson to arrive at this conclusion. Once the vendor’s technician completed a site visit, the

communication card was installed, and the integration was up and running.

Lesson 2: Be There When the Equipment Vendor Is There
       It is common that the equipment installed on-site is not 100% ready for integration until an equipment vendor’s

technician visits the site. In a perfect world, this technician can follow a few step-by-step instructions while the

integrator/controls contractor is off-site and then the integration can be completed at a later date. However, there are

several factors that prevent this from working well, and here are just a few:

1. Network coordination: The vendor’s technician often needs to apply network addressing that will coalesce with

other equipment on the same network, furnished by others.

2. Site-speci�c requirements: In the case of lighting controls, in particular, the con�guration and available data for

integration are often completely custom for the project, and so it’s best for both parties to be on-site at the same

time. A lighting control system might entail hundreds of �xtures that need to be put into logical groupings, both for

the purposes of normal control and for integration.

3. Tweaks: In the case of this particular project, we ended up needing to have the emergency generator vendor’s

technician disable an alarm function on the generator that would trigger the �re alarm system whenever there was

“network noise” on the serial network we were using to monitor the generator. The generator was at the very end

of a serial communication network with almost 10 other devices, and this network included other electrical power

systems equipment, so network noise was unavoidable. Only that technician had the tools necessary to disable that

alarm function, and there would have been lots of warranty issues throughout the life of the building if the change

was not made.

       

       Some products are designed and procured in a way where it can take a long time before the vendor’s technician can

be scheduled on-site. I’ve personally found this to be very common for lighting control products, and the importance is

ampli�ed when integration work is involved.

Image courtesy of Unsplash

Lesson 3: Figure Out Who’s on First
       That subhead is a bit cryptic, but what I mean to point out is that it’s important to �gure out exactly how things will

work with respect to day-to-day adjustments. For example, if the lighting system allows for operating zones remotely, is

that a good idea? Can a local wall station be used to change the light levels at that point, or does remote control render

wall stations ineffective? In many cases, integrations only accomplish monitoring rather than control (e.g., energy

meters), but you still must settle these questions when they include control. For example, in the case of the domestic

water heat exchangers, it was in our scope to disable the recirculation pumps whenever the building was unoccupied.

Based on a discussion with the product vendor, it was suggested to disable the heat exchangers at the same time. The

integration did not afford us direct control of the mixing control valves, so we arrived at resetting the operating set

point to a low value during occupied times (e.g., around 70°F instead of around 120°).

Lesson 4: Remember What the Customer Really Wants
       It can be really easy to be so caught up in the requirements, speci�cations, manuals, and drawings that you lose track

of what the customer really wants. You should be sure to always keep in mind the purpose behind the important work

you’re doing. For example, the reason for monitoring an emergency generator over integration is often condition-based

maintenance of the fuel and proving it’s being exercised regularly. The reason for monitoring a UPS is often to catch

early signs of battery failure (such as increased battery temperature). As you bear these things in mind, remember that,

once communications have been established and information is �owing, your work isn’t quite done. You have an

opportunity to make sure the subjective aspects of your work are having a positive impact for your customers.

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

Health Care Design:
Beyond Code Minimum –
Creating Healthier, More
Efficient Environments

The technologies to reduce pathogenic infections exists — so why aren’t we using them?

By Dan Hahne and Fletcher J. Clarcq, P.E., CEM, LEED AP BD+C 

       In our June 2021 article, “Heath Care Design: FGI Guidelines, ANSI/ASHRAE/ASHE Standard 170, and Beyond,” we

reviewed the codes and standards for health care environments that form the guidelines to be applied at the beginning

of a health care facility design. The article highlighted that these minimum requirements are just that — the bare

minimum — and indicated the application of these guidelines only started the process for creating safe and comfortable

environments conducive to promoting good health care and lowering risks of infection. We challenged current and

future mechanical engineers to design past bare minimums and educate clients on the real “value” of designing systems

that more appropriately meet the expressed “purpose” of ASHRAE Standard 170. The previous article referenced the

quote: “When a �ower doesn’t bloom, you �x the environment in which it grows. Not the �ower.”1 We, as engineers,

need to expand our thinking beyond the status quo and seize the initiative to play a more pivotal role in creating health

care facilities that support building environments conducive to good occupant health, personal wellness, and patient

healing or recovery.

       Facilities are often designed by architectural teams that conform to owner design requests and to a speci�ed budget.

Consequently, current mechanical designs are often “shoehorned” into building layouts and predetermined budgets; a

design that only maintains desired conditions prescribed as minimal requirements by the Facility Guidelines Institute

(FGI) or ASHRAE Standard 170. However, the human cost associated with bare minimum designs are frequently not

considered. Hospital acquired infections (HAI) have long been a part of our world and have been a catalyst to better

designs. The pandemic has motivated reassessment of buildings, resulting in engineering designs that more effectively

reduce the risk of infection. System resiliency and emergency/pandemic response preparedness have been thrust into

the spotlight. However, HAIs haven’t gone away. They remain and draw even more attention to the need for creating

healthier built environments. While looking at mechanical systems to address resiliency and pandemic preparedness,

we must also enhance designs to eliminate the threat of HAI’s, not ‘�rst cost’. Unlike the �nancial considerations, the

human cost expands far beyond the monetary factor.

       Consequently, mechanical systems should play a more fundamental role in creating healthier environments by

providing fresh air, removing airborne contaminants, maintaining proper humidity levels, and promoting asepsis (the

absence of bacteria, viruses, and other microorganisms). One could say, HVAC systems are silent partners in securing

health care objectives. Patients, visitors, and health care workers are often unaware how important mechanical systems

are in keeping them safe. Occupants expect systems to be designed properly, installed correctly, and, quite simply, to

work. To allow �rst cost to be the driving factor does nothing more than support a concept that designing an OK health

care environment is just that, OK, and begs the following questions;

Do you want to be treated by a doctor that is just OK at performing surgery?

Do you want to drive a car with tires that have just enough traction to hold you to the road?  

Do you want to �y in an airplane that is just OK and has the minimum number or rivets holding the wings

together?”

FIGURE 1: GLHN: room geometry and occupants.

       The answer to all of these questions is, of course, no. Consequently, especially now, considering the pandemic,

owners and engineers now should more carefully evaluate the human factor when considering how best to design

HVAC systems. To do otherwise, solely on �rst-cost pressures, is shortsighted, at best. Designing to code minimum also

fails to take into account another relevant design consideration: the ambitious and ever-expanding ef�ciency objectives

prescribed by ASHRAE Standard 90.1 and the IECC codes.

       This article will evaluate three HVAC system concepts that offer the promise of creating superior IAQ and healthier

environments while creating the opportunity for enhanced operating ef�ciency. Creating healthier environments while

enhancing system ef�ciency do not necessarily have to contradict each other, providing newer approaches to heat

transfer are adopted. Historically, HVAC designs apply the laws of heat transfer physics to calculate the amount of a

building’s total load and to assign the amount of consumed energy required to do so. However, what if engineers

considered a more expanded view of how the laws of physics might be applied. What if engineers applied systems that

"work with" physical laws, not against them, and thereby assume more of the work to be done?

An Aside: Overhead ‘Mixed-Air” Systems

        To demonstrate this point, let’s evaluate a traditional overhead “mixed-air” system. To maintain room temperature

and humidity set points, air is injected at a high velocity from supply air ceiling diffusers or high in-wall registers. High-

velocity discharge from these devices causes room air to be induced into the supply air jet, creating a “theoretical”

mixed-air room condition, i.e., uniformity of temperature throughout the cubic volume of space. However, what if air

distribution is rethought. Instead of using greater fan energy required for this approach, what if a design applied the

principles of convection, i.e., warm air rises, cold air falls, to move air within a space. Such an approach, otherwise

known as displacement ventilation (DV), would allow system static pressures to be reduced. The characteristics of

displacement air�ow will be reviewed in depth later in this paper.

       Before doing so, let’s �rst review current �ndings regarding overhead systems. Recent research challenges previous

concepts on how air�ow and particulate distribution in mixed-air environments actually occur. It has been

demonstrated that properly designed mixed-air systems result in temperature uniformity within the cubic volume of

space to within a couple degrees. In 2015, the ASHRAE Journal published an article, “The Basics of Well-Mixed Room

Air Distribution.”2 Under the Return Air Inlets section, a comment is made, “At the air�ow rates present in most well-

mixed spaces, the location of the return air inlet has a negligible effect on air movement in the room.” Though correct in

reference to room temperature pro�les and thermal comfort, such a view does not necessarily represent particle

motion. Outside of Brownian motion, air particles are driven by air motion. Recent computational �uid dynamics (CFD)

modeling, generated by an Arizona engineering team3, illustrates that, depending on the environment and function of

the space, some constant volume systems do not achieve a truly mixed-air environment with uniform contaminant

dispersion. Room geometry, furniture location, and the position of occupants in the space (see Figure 1) often causes

room air vortices to form creating regions where contaminants and pathogens accumulate and are not effectively

drawn out of a room to be recirculated through the �ltration/return/exhaust system. (see Note 1 and Figure 2).

FIGURE 2: GLHN: elevation-room air velocity pro�le.

       Consequently, when germicides are expressed within a room, other CFD models illustrate that tactical placement of

more return grilles and supply diffusers can more effectively restrict the dispersion of released pathogens and remove

them. Dr. Kishor Khankari published an article in the July 2021 issue of ASHRAE Journal titled, “Analysis of Spread of

Airborne Contaminants and Risk of Infection,”4 that concluded, from such CFD �ndings, the following compelling

statements:

“… A single, four-way supply diffuser and a single return grille can promote the formation of stagnant air

recirculation zones, which can form pockets of high concentration of contaminants.”

“Create a distributed supply layout by increasing the number of supply diffusers and strategically placing them

over the occupied zone.”

“Create a distributed return layout by increasing the number of exhaust outlets to create a path of least

resistance for the contaminated air to exit the space.”

       Dr. Khankari’s article offers the following conclusion; “…air�ow sub-zones should be added to a room to control

pathogenic migration and removal.”         Conceptual mixed-air environments should also be evaluated under more

common conditions, e.g., variable air volume (VAV) applications at part load and/or supplying warmer air during heating

mode. VAV systems in cooling or heating mode, when zone loads are satis�ed in non-critical care areas, reduce the

amount of supply air. Consequent low-velocity supply air jets tend to dump air into a space, further compromising

mixing and air distribution effectiveness. During the colder times of year, also known as the cold and �u season, supply

diffuser air volume is decreased for VAV systems, and when in heating mode, higher diffuser supply air temperatures

increase the chance of air short circuiting into return and exhaust grilles, thereby compromising thorough mixing.

Owners and design teams should recognize and evaluate these phenomena more critically, especially now that

ASHRAE, the U.S. Centers for Disease Control and Prevention (CDC), and the World Health Organization (WHO) have

formally acknowledged that aerosolized SARS-CoV-2 is a major means of pathogenic transmission.

Displacement Ventilation
       DV is a method of air distribution that effectively applies the principles of convection (hot air rises, cold air falls) to

move heat from the occupied zone to the upper levels of a room. In 2009, a study was published by HVAC&Research to

compare DV and a mixed-air system in a hospital patient room.5 Supply air�ow rates were based on 4 and 6 air changes

per hour (ACH), and report �ndings resulted in the following conclusions; “…displacement ventilation with a lower

ventilation rate (4 ACH) can provide an equivalent level of air quality at the breathing zone as mixing ventilation at a

higher ventilation rate (6 ACH). Displacement ventilation with a high exhaust and 6 ACH provided the best air quality in

the breathing zone…”

       This study draws the conclusion that at 4 ACH or 6 ACH, DV creates a healthier air condition than an overhead

mixed-air system at 6 ACH. As reviewed in our June article, unlike conventional mixed-air systems that inject air at high

velocity into a zone at 55°F, low in-wall DV diffusers “pour” approximately 65° dry bulb (DB) air into a space at low

velocity. For rooms designed at a 75° DB set point and supplied with 65° air, supply air falls to the �oor, via convection,

to the lower region of the room. Within a short period of time, a thermally strati�ed environment develops. Rooms with

9-foot ceilings, depending on room loads, will see a thermal gradient of approximately 70° at the �oor, 75° at the

thermostat, and 80°-85° air in the upper levels of the room where return or exhaust grilles are located.          Any heat

source with a surface temperature greater than 75° will create an upward convective �ow of air local to the heat

source. Conditioned air effectively is drawn to the room load, i.e., the heat source in the space. A human occupant with

an average body temperature of 98.6° will generate an average �ow velocity of 30 fpm across the length of their body;

i.e., approximately 2 fpm nearer at the feet and ankles and, as rising air gathers momentum, the heat differential

becomes greater at the thorax and head. Upward �ow rates at the breathing zone can achieve velocities approaching 50

fpm or more depending on the size of the occupant. Consequently, a single pass of conditioned clean air that crosses

occupant breathing zones and contaminants within ASHRAE's de�ned occupied zone is drawn to upper room levels,

where it is exhausted. Recognizing the IAQ advantage displacement offers, ASHRAE Standard 62.1 has assigned low in-

wall or in-�oor displacement systems a 1.2 air distribution effectiveness in rooms with ceiling heights less than or equal

to 18 feet, greater than a “perfect” mixed-air system that is assigned an air distribution effectiveness factor of 1.0.

Consequently, for health care zones not assigned minimum OSA ACH per Standard 170, these zones, if not buildings,

can be designed with less outdoor air. Energy savings and IAQ is enhanced when buildings operate in economizer mode

for longer periods, resulting in fully ventilated environments that effectively �ush out building air. It should be noted

that research of displacement ventilation at the University of Hong Kong and University of Cordoba applied to health

care critical zones has recently been performed. CFD modeling and laboratory testing using mannequins were used to

evaluate a condition called “lock-up,” associated with DV at the patient's breathing zone in airborne infection isolation

(AII) rooms. 6, 7, 8 Figure 4 shows the room and occupant con�guration the Berlanga report that concluded in the

report’s abstract, “If lockup phenomenon associated with displacement ventilation occurs above P (reclining patient), it

has a low in�uence on contaminant exposure of HW (standing healthcare worker) because of the in�uence of the

convective boundary layer of HW…”6.

Displacement System Advantages

single pass of conditioned, cleaner air through the breathing zone;

Effective removal of contaminants and germicides from the occupied zone;

DV diffusers are static regain devices an can lower fan energy;

Quieter than conventional mixed-air systems;

Superior thermal comfort; and

Utilizes the laws of physics and thermal plums to move clean air through the breathing zone.

Displacement System Disadvantages

Low in-wall displacement diffusers require more sheet metal than conventional overhead systems resulting in

higher �rst costs and placement of diffusers. Additionally, duct drops need to be coordinated and accounted for in

architectural layouts;

Heating with DV systems is likely to use a secondary solution depending on climate region; and

Conventional DV systems have a return air component. If pathogen mitigation is the primary motive, consider

enhanced �ltration, UV-C light technology, 100% OA systems, and/or UL1995 compliant ionization.

FIGURE 3: Thermally strati�ed environments showing cool air at the �oor with warmer air above the occupied zone.

100% Outside Air Systems — Active Chilled Beams
       ASHRAE’s Epidemic Task Force (ETF), under its “Building Guides for Healthcare” topic, via the section titled,

“Guidance on Recirculation and Increased Outside Air Fraction,” states, “Evaluate recirculation or increasing outside air

fraction from design levels up to 100% based on speci�c surge plan.”

       As referenced in our June article, the ETF prescribes in its position document on Infectious Aerosols, “Increase

outdoor air ventilation and open outdoor air dampers to 100% as indoor and outdoor conditions permit.”  

       The U.S. Environmental Protection Agency’s (EPA’s) website, under, Ventilation and Coronavirus (COVID-19),

states, “An important approach to lowering the concentration of indoor air pollutants of contaminants, including any

viruses that may be in the air, is to increase ventilation - the amount of outdoor air coming indoors.”

       Since ASHRAE, the EPA and the CDC are recommending increasing outside air fractions where possible, why would

100% outside supply air (OSA) systems not be given every consideration for use in health care facilities? Active chilled

beams offer a cost-effective 100% OSA design strategy. Taking advantage of the heat transfer ef�ciency inherent in

denser �uid mediums, i.e., water in lieu of air, and splitting the total load into its sensible and latent components local to

each zone, thereby driving as much sensible load to the water side, fan motor horsepower can be signi�cantly reduced.

Space latent loads are met by providing supply air with appropriately designed dew points. Consequently, 100% OSA

systems applying active chilled beam technology can often be designed to satisfy space loads using the minimum OSA

requirements assigned by ASHRAE Standard 170. Health care bene�ts include, but are not limited to, less horsepower

to meet building loads, a signi�cant reduction in reheat, and less building square footage than conventional mechanical

systems require. Health care systems using active chilled beams can see 30%-40% energy savings when properly

designed. And since these systems supply only outside air, the air from the building is continually exhausted and not

returned to an air-handling unit (AHU). Many studies have shown that active desiccated pathogens have lifespans of up

to 72 hours, possibly more, and can easily be reintroduced into facilities via the return air path. 100% OSA systems all

but eliminate this concern. Active beams, however, create a mixed-air environment within building zones by injecting, at

high velocity, a mixture of OSA and room air induced across a beam’s cooling coil. Consequently, active chilled beams,

similar to conventional air devices, should be layed out using additional exhaust grilles, as mentioned in Khankari’s

conclusions4 to minimize local infection. A compelling alternative to applying active beams in health care is

displacement ventilation chilled beams. Displacement active beams are a low in-wall, low-velocity supply air strategy

resulting in thermal strati�cation and, consequently, superior IAQ compared to mixed-air conditions

100% Outside Air Systems — Active Chilled Beams Advantages

Health care facilities served by 100% outside air. No return air;

Signi�cant energy ef�ciency through reduced system horsepower;

Superior IAQ for healthier environments;

Quieter systems compared to medium-pressure VAV systems;

A signi�cant reduction of ductwork and air-handler dimensions for reduced mechanical footprints; and

Displacement active chilled beams offer another layer of superior IAQ and energy savings.

100% Outside Air Systems — Active Chilled Beams Disadvantages

Limited contractor experience installing these systems, resulting in in�ated budgetary costs;

Cannot be applied to all spaces within a hospital setting due to code restrictions resulting in either hybrid system

strategies or multiple system approaches.

FIGURE 4: A plan and pro�le view of test rooms.  Image courtesy of Elsevier

FIGURE 5: Carson Solutions’ Model QLCI.

100% Outside Air — Passive Design
       Passive decoupled-hydronic technology should be also be evaluated and given every consideration for health care

facilities. These systems offer another “modality” to create healthier environments and provide greater energy savings

compared to active chilled beam systems. Laying out hydronic radiant panels and/or convective sails for sensible

“cooling” and/or heating or passive chilled beams (cooling coils mounted in the upper levels of a room), sensible loads

are addressed locally to the zone. A thermally strati�ed environment is necessary to maximize heat transfer at the

radiant or passive device. Consequently, displacement ventilation is the air delivery method of choice and decoupled

from the sensible cooling component. As with DV, a thermally strati�ed environment more effectively removes

contaminants and pathogens at the breathing zone (see Note 2). However, current studies are not conclusive for critical

zones with large air change rates. The location of radiant and passive devices in relation to DV diffusers and consequent

air patterns need to be studied. These designs, however, are conceptually engaging and offer the prospect of additional

energy savings compared to active systems. As mentioned earlier in this article, DV diffusers, unlike active chilled

beams, supply warmer air to rooms at 63°-68°. Providing outdoor humidity levels are within an acceptable range, air-

side economizer modes can be applied for longer periods than a conventional DOAS unit supplying 55°-57° supply air.

The radiant component also offers a thermal comfort advantage. Since the free area surface of radiant panels and/or

sails absorb radiant energy from heat-generating surfaces within a space, e.g., perimeter walls, lighting, PCs, and human

occupants with a direct line of sight to the device, radiant comfort complaints are signi�cantly alleviated. Passive

devices (ceiling panels, sails, or beams) in warmer Southwestern regions will likely be located at perimeter walls to

locally address the conductive heat or chill effect. DV diffusers would likely be located low in a wall opposite the

occupant’s bed. The location of exhaust grilles is being evaluated for effective exhaust of germicidal agents from the

patient zone.

100% Outside Air Systems — Passive Chilled Beams, Radiant Panels or Convective Sails Advantages

Health care facilities served by 100% outside air. No return air;

Signi�cant energy ef�ciency through reduced system horsepower;

Enhanced IAQ using DV for space ventilation;

Quieter systems compared to medium-pressure VAV systems;

A signi�cant reduction of ductwork and air-handler dimensions for reduced mechanical footprints; and

The prospect of improved thermal comfort by addressing radiant space loads.

100% Outside Air Systems — Passive Chilled Beas, Radiant Panels, or Connective Sails Disadvantages

Limited contractor experience installing these systems resulting in in�ated budgetary costs; and

Additional infrastructure needed to accommodate outdoor air requirements for spaces with passive systems.

FIGURE 6: A radiant panel is shown in a common area at American University, Washington College of Law - Tenley Campus: The
engineer/architect on the project was SmithGroup Inc. Image courtesy of SmithGroup

FIGURE 7: TWA panels in Prince George, British Columbia.

Conclusion
       How best to improve IAQ within health care facilities to reduce the risk HAIs and pathogenic infections by providing

superior IAQ needs to be more thoroughly examined. Technologies are available today and research has been

performed to support the evaluation and application of more innovative designs for both critical and noncritical zones

of health care facilities. These solutions can be equal to or less than the cost of more conventional VAV/CAV systems

providing the whole building design and its life cycle costs are evaluated appropriately. HVAC designs should no longer

be thought of in a ‘one system type �ts all’ manner. 

       Engineers should think beyond conventional heat transfer physics for calculating loads and the energy required to

meet them. Physical laws can also be exploited to contribute to work load reduction to meet health care HVAC needs

while creating environments that contribute more effectively to the health, well-being, and safety for administrative and

health care professionals and the patients they medically treat. Let us again propose; “When a �ower doesn’t bloom,

you �x the environment in which it grows. Not the �ower.”1
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Choosing by Advantages –
Making Sound Decisions
to Solve the Pandemic-

Readiness Puzzle
Effectively evaluating systems and solutions in relation to pandemic-readiness.

By John Varley and Dr. Paz Arroyo

       In the last year, we’ve been inundated with information related to the design of pandemic-ready HVAC systems.

Some of it has contributed positively to the design process, but much of it has deepened the morass of con�icting

information engineers encounter as they navigate through a project.

       Don’t despair. Tools exist to help you through this process. Last year, John Varley discussed lean design

methodology as it relates to waste in the design process. Project teams using lean methods often use a decision-making

technique well-suited for ferreting out the best solution to the pandemic puzzle called Choosing by Advantages (CBA).

Dr. Paz Arroyo has studied and implemented CBA for different applications, including choosing HVAC systems for a

net-zero energy building (NZEB). In this article, both will collaborate to tackle this contingent and relevant decision that

many of�ces, schools, and public buildings will need to make.

Choosing by Advantages
       Developed by Suhr, CBA is a decision-making system that includes de�nitions, principles, models, and methods for

making sound decisions. CBA emphasizes the importance of basing decisions on the differences among advantages of

alternatives. Proper use of CBA methods will lead to sound decision-making. As such, reading Suhr’s book is highly

recommended. It will provide engineers with the correct framework for applying CBA. Further, it also offers a strong

foundation to communicate the process to the other stakeholders, who may not be familiar with the process since it is

not commonly used by design professionals. This paper is intended to introduce the concept and convince the reader of

its ef�cacy in sorting through complex decision-making. The approach is summarized in Figure 1.  

FIGURE 1: The Choosing by Advantages (CBA) method.

      In this paper, a hypothetical case study is developed using CBA as it applies to pandemic-ready HVAC alternatives.

The case study involves the selection of systems for an of�ce building. The �rst step in this case study is the selection of

the alternatives to be considered. ASHRAE’s position statement is a good starting point: “Airborne transmission of

SARS-CoV-2 is signi�cant and should be controlled. Changes to building operations, including the operation of HVAC

systems, can reduce airborne exposures. Ventilation and �ltration provided by HVAC systems can reduce the airborne

concentration of SARS-CoV-2 and thus the risk of transmission through the air.” 

       The design recommendations of the ASHRAE Epidemic Task Force provide a basis for considering alternatives for

pandemic-ready measures. The following is a summary of those suggestions:

1. Provide and maintain, at the very least, the required minimum outdoor air�ow rates for ventilation as speci�ed by

applicable codes and standards.

2. Use a combination of �lters and air cleaners that achieve MERV 13 or better levels of performance for air

recirculated by HVAC systems.

3. Select control options, including stand-alone �lters and air cleaners, that provide desired exposure reduction while

minimizing associated energy penalties.

  

       Each of these recommendations has many possible technical approaches but these may con�ict with other project

requirements, such as energy use. CBA provides a sound method of analyzing these options. Based on the ASHRAE

recommendations, the following alternatives are reviewed:

1. Increasing outside air above local code requirements to achieve the lowest probability of infection (enhanced

outside air).

2. Increasing �ltration from MERV 8 to MERV 13 at the air handler to achieve the lowest probability of infection

(enhanced �ltration).

3. Supplemental bipolar ionization (BPI) for a typical air-handling system using MERV-8 �lters.

   

       Additive air purifying at the zone level of the of�ce was considered, but this can be included in each of the

alternatives, so it was not a mutually exclusive option. 

       Next, we consider the factors we wish to evaluate for each alternative. Factors are elements or components of a

decision that contain the criteria, attributes, and advantages required for making it. This exercise reviews the following

factors:

1.     Pandemic-readiness;

2.     Safety;

3.     Maintainability; and

4.     Energy.

   

       Many other factors, such as sound, controllability, and �exibility, could be considered. However, a key principle of

CBA is identifying factors that reveal important differences between the attributes of the alternatives. The four factors

and the alternatives are used in the CBA tabular method as seen in Table 1. For each factor, the desirable criterion is

de�ned, as shown in Table 1. A criterion is a standard in which a judgment is based. In CBA, they are classi�ed as a

“must have” or “want to have” criterion. If an alternative does not comply with a “must have” criterion, it must be

discarded.

TABLE 1: The CBA table.

       The decision-making steps (Nos. 4 thru 7 in Figure 1) come next. Step four describes the attributes for each

alternative with respect to the factors listed. Attributes are de�ned as characteristics of an alternative. The advantage

of an alternative is the bene�cial difference between the attributes of two alternatives (one of which is the least

preferred).

Determining the Importance of the Advantages    

       Suhr emphasizes the importance of anchoring decisions based on relevant facts. Critical to this is deciding the

importance of the advantage between the alternates:

1. Apply positive values to all advantages;

2. Weigh the advantages on the same scale; and

3. Decide (don’t calculate) the importance of an advantage.

   The importance is based on the following:

1. The importance and circumstance of the decision;

2. The needs and preferences of all of the stakeholders;

3. The magnitudes of the advantages; and

4. The magnitudes of the associated attributes.

       These considerations are explored in the case study. The costs of the alternatives are not considered until the end of

the process — after the advantages have been evaluated. In this paper, the costs are not evaluated. The important

distinction of using CBA from other methods is that CBA focuses only on the comparison between advantages of

alternatives. It does not review disadvantages of alternatives because they can always be framed as an advantage of

another alternative, nor introduce biases by preemptively weighting factors in the decision-making process. This

eliminates double-counting errors and provides a sound platform for choosing among several alternatives. Under the

factor of pandemic-readiness, the attributes are (Table 2) listed for each alternative.

TABLE 2: Summary of attributes associated with pandemic-readiness.

       Because the criteria for this factor is “less probability of infection is better,” the probability of infection of each

alternative must be quanti�ed to make a sound decision. As a result, the Wells-Riley equation, which quanti�es the

probability of infection, plays a crucial role in choosing the best option.

       Where: P = probability of infection I = number of infected people q = production rate per infector (quanta/hour) p =

pulmonary ventilation (m3/hour) t = time (hours) Q = ventilation rate of “germ free” air (m3/min)        The variable

affected by outside air and �ltration is Q. Outside air is assumed to be “germ-free.” As shown by Elovitz, 30 cfm of

MERV-13 �itered, recirculated air is equivalent to 20 cfm of “germ-free” air supply. This relationship is used under the

energy factor, but it shows that outside air and �ltration can achieve similar quanti�able probabilities of infection. For

example, a recent study of an outbreak in a restaurant in Guangzhou, China, estimates a “germ-free” ventilation air�ow

of 82 cfm would have been required to protect the restaurant’s patrons. This would be the equivalent of 123 cfm of

MERV-13 �ltered air. Thus, both options provide the equivalent probability of infection against infectious disease but

with different total air�ow rates to the space. As a result, the advantages of the options of enhanced outside air�ow

and �ltration are graded as equal. However, in the case of BPI, with no independent, scienti�c studies demonstrating its

effectiveness in lowering probability, it presents the least preferred attribute, and, therefore, it has no advantage in this

factor.

       For the energy factor, the criterion “less energy use is better” reigns true. The analysis of the alternatives reviews

the energy consumption required to achieve equivalent probabilities among alternatives.

       For Outside Air the energy required is:

       We have ignored the energy associated with latent heat removal at the coil in equation 1. Assuming a variable air

volume (VAV) system and an ASHRAE 90.1-compliant fan with a Fan Energy Index (FEI) of 95 (an assumed fan

ef�ciency of 62%), the relation between energy consumption and enhanced �ltration is:

       Finally, for BPI, the relation between energy consumption and air�ow is inconsistent between manufacturers. After

review of several manufacturers’ literature, this paper uses a power consumption of 50 W/1,000 cfm. Assuming that

BPI can achieve the same level of probability of infection treating a quantity of recirculated air equivalent to outside air

(an unsubstantiated assumption), the energy used per cfm is:

where:
 q = energy Btu/hr

Q = outside air�ow (cfm)
 ∆T = temperature rise of air (°F)

 ∆P = total pressure drop across the �lter (in. w.g.)

   Assuming that adding MERV-13 �lters will add a 0.25 in w.g. pressure drop to the system, equations 2 and 4 are

equated:

       To achieve the same probability of infection with an energy consumption increase equivalent to enhanced �ltration,

the outside air temperature can only change by .01°F under the enhanced outside air alternative, indicating that in any

climate where outside air must be conditioned, this alternative will spend considerably more energy as opposed to

enhanced �ltration to lower the probability of infection.     

       Next, enhanced ventilation is evaluated against BPI for energy use. Comparing equations 3 and 5 provides:

       Assuming a 0.25 in. w.g. drop for enhanced ventilation, the energy consumption for BPI is slightly less than

enhanced �ltration. However, the uncertainty in the assumption that BPI is providing equivalent probability of infection

at this energy consumption reduces the importance as well as the magnitude of the difference of the advantage as seen

in Table 3.

       Similar exercises for safety and maintainability factors are performed. Under safety, the fact that outside air and

�ltration are devoid of possible byproducts provides an advantage, while BPI is perceived by the team to have the

fewest additional requirements with respect to maintainability and, in fact, bene�ts from both advantages offered by

the other alternatives. Note that none of the alternatives is considered a signi�cantly risky option in terms of safety.

       The paramount advantage is determined by the team to be “pandemic-ready.” This is the “need.” The remaining

advantages are “wants.” The advantages are given scores based on their importance and the results are shown in Figure

4. As such, the alternative with the greatest pandemic-ready advantage scores 100 points. The underlined attributes

are the least preferred attributes for the factor. The advantage and importance are listed on the line below the

attributes. Note that none of the alternatives are considered a signi�cant risk in terms of safety. Thus, the scoring for

safety is less than the paramount advantage of pandemic-readiness.

TABLE 3: Final tabulation.

       As shown in Table 3, enhanced �ltration is the preferred method. Because the team placed an emphasis on

quanti�able reduction in infection probability, BPI suffered, since current scienti�c data does not allow this evaluation.

Nevertheless, CBA does not eliminate subjective evaluation of the alternatives and, instead, focuses the decision-

making on relevant facts as discovered by the stakeholders. Thus, the results may be different for different teams or in

different contexts. The �nal step is considering the costs for each alternative as they relate to the advantages. In many

cases, the advantages will be deemed to outweigh costs of an alternative.  

       As seen in this example of evaluating systems in relation to pandemic-readiness, CBA provides a framework to make

sound decisions. On a broader level it can be applied any time the engineer is confronted with multiple solutions to a

problem, which is true of every project. This is the bigger lesson of this paper — making sound decisions requires

effective systems for doing so. In an industry where projects begin with choosing among alternatives, why wouldn’t the

use of such a system be more pervasive?

1. Varley, J. (2020). Streamline the Modeling Process by Exporting Data Within BIM, Engineered Systems, 37 (12).
2. Arroyo, P. (2014). Exploring decision-making methods for sustainable design in commercial buildings. University of California, Berkeley.  
3. Suhr, J. (1999). The Choosing By Advantages Decision-Making System. Quorum, Westport, CT.
4. Arroyo, Paz (2015). Step By Step Guide To Applying Choosing By Advantages Tabular Method, https://paramountdecisions.com/blog/step-by-

step-guide-to-applying-choosing-by-advantages
5. ASHRAE, COVID-19: Resources Available to Address Concerns (ashrae.org)
6. ASHRAE Epidemic Task Force (2021). Core Recommendations for Reducing Airborne Infectious Aerosol Exposure.
7. Riley, E C, Murphy, G (1978). Airbourne spread of Measles in a Suburban Elementary School, Am. J. of Epidemiology, 107 (5).
8. Elovitz, K. and Elovitz, G. (2020). Assessing the Role of HVAC Systems in Fighting COVID-19, HPAC Engineering, 92 (9).
9. Li Y, Qian H, Hang J, et al. (2021). Probable Airborne Transmission of SARS_CoV-2 in a Poorly Ventilated Restaurant, Building and Environment,

(196).
10. ASHRAE. Filtration / Disinfection (ashrae.org)
11. American Society of Heating, Refrigerating, and Air-Conditioning Engineers. (2019) Standard 90.1 – Energy Standard for Buildings Except Low-

Rise Residential Buildings. Atlanta: ASHRAE.
12. Zeng Y, Manwatkar P, et al. (2021). Evaluating A Commercially Available In-Duct Bipolar Ionization Device for Pollutant Removal and Potential

Byproduct Formation, (195).

John Varley, P.E., FASHRAE
John Varley is the mechanical discipline manager for AAA Engineering in Chicago and has been a
professional in the building sciences industry for more than 35 years. He is a Fellow of ASHRAE and
received its Distinguished Service Award in 2018. Published in the ASHRAE Journal, ASHRAE
Transactions, The International Journal of HVAC&R Research, and Engineered Systems, he holds a B.S. in
mechanical engineering from the University of Akron and a master’s degree in chemical engineering
from Cleveland State University.

 Lead image courtesy of Pixabay

 

Paz Arroyo, Ph.D.
Dr. Paz Arroyo is a national quality leader at DPR Construction. She is based in San Francisco and has
extensive experience in the construction industry internationally with a strong background in lean
management, especially around decision-making in design. She has published more than 30 papers in
peer-reviewed construction management journals and conferences. Dr. Arroyo is also co-founder of
CollabDecisions, a platform to share knowledge on how to make collaborative decisions. She holds a
Ph. D in civil and environmental engineering from University of California, Berkeley, and a master’s
degree in Civil Engineering from Catholic University of Chile.

Table Of

Contents

October 2021

https://www.esmagazine.com/articles/100949-streamlining-the-modeling-process-by-exporting-data-within-bim
https://pixabay.com/illustrations/coronavirus-virus-pandemic-crisis-6557675/
http://www.collabdecisions.com/


https://bnpengage.com/


FEATURE

Indoor Air Quality
Considerations for

Education Facilities
When it comes to emerging IAQ technologies, exercise caution and do your homework.

By Dan Reider, P.E.

       Engineers, contractors, and facility owners have all received a tremendous amount of information within this past

year regarding how to improve the air quality within their indoor environments. Some of this information comes from

organizations such as ASHRAE, the U.S. Centers for Disease Control and Prevention (CDC), U.S. Environmental

Protection Agency (EPA), the U.S. Department of Education, and other well-respected and knowledgeable

organizations. Much of the information is disseminated by vendors emphasizing the bene�ts of their products, often

summarizing their interpretation of various studies or selecting speci�c sections of a study that seemingly support their

product. There is so much information being provided, it is dif�cult to sort through it all to see what makes sense for

various applications and what might be an exaggeration to the point it could be construed as misleading. As an engineer,

when asking a supplier for speci�c information about a product, in lieu of getting direct responses to our questions, we

are frequently given 10-20 pages of reports and product speci�cations that we are told include responses to our

inquires.

       In the past, much of the discussion about the quality of an indoor environment predominantly centered around

temperature control, humidity control, and the volume of outside air delivered to the space. If these parameters were

adequately addressed, most occupants and owners were satis�ed that the design of the indoor environment was

acceptable. In recent years, we have come to understand that acceptable IAQ is much more than simply the control of

the indoor temperature and humidity levels. Many may feel the COVID-19 pandemic started this whole discussion on

how to address viruses and other indoor contaminants, such as volatile organic compounds (VOCs), pathogens, and �ne

particulates, within spaces. However, the coronavirus may have brought these concerns to the forefront, but engineers

and organizations, such as ASHRAE, have been reviewing various technologies to improve IAQ for many years prior to

the current pandemic.

       Some technologies being discussed to help address IAQ concerns have been around for a long time, such as

ultraviolet germicidal irradiation (UVGI) and high-ef�ciency particulate absorbing (HEPA) �ltration. Other technologies,

such as bipolar ionization, sometimes called ionizers, have not been around nearly as long and have not yet �rmly

established themselves as viable options for use in ventilation systems. With these newer technologies, what approach

should engineers take, assuming they don’t automatically accept what they’ve read? Engineers look at what information

is provided in numerous reports and white papers but also look for what information might be missing from those

documents. The CDC, Department of Education, ASHRAE, and others advise that newer technologies should be looked

at carefully and evaluated by engineers and owners based upon a thorough review of information available from a wide

variety of sources. This often is time-consuming but necessary to make the appropriate decisions for a speci�c

application, as there is a tremendous amount of information available on each technology.

FIGURE 1: Aerosol treatment technologies.

       The design approach to provide acceptable IAQ within a building can vary signi�cantly depending upon whether or

not the installation is for new construction or the renovation of an existing building’s mechanical system. For the design

of a new system in a new facility, engineers are able to select a speci�c amount of outside air, total air changes, duct and

air handler velocities, �lter ratings, space air�ow patterns, temperature and humidity ranges, and other characteristics

of the system. However, with the retro�t of an existing system, engineers may not very easily (and without signi�cant

cost) implement some of the features desirable in a new facility.

       ASHRAE de�nes ventilation air as the portion of supply air that is outdoor air plus any recirculated air that has been

treated for the purpose of maintaining acceptable IAQ. However, in various studies, white papers, etc., the term

“ventilation” is sometimes used a little differently. Ventilation air, in the most simplistic terms, is basically the air being

supplied to the space. ASHRAE states this air has been treated for the purpose of maintaining acceptable IAQ, but we

know, in many installations, maybe even in the majority of existing installations, the air being supplied to the space is

unable to meet the current de�nition of acceptable IAQ.

       It's also important to understand how ventilation (outside air/total air�ow) changes with different types of HVAC

systems. There may be more modern HVAC systems in existence that do not have constant air�ow than those that do,

and that often affects how IAQ needs to be addressed. Some of the common HVAC systems and their outside air and

total air�ow characteristics within a space include the following:

Constant volume system: outdoor air and total air�ow are constant.

Single zone variable air volume (SZVAV): Outdoor air can be constant or vary and total air�ow varies.

VAV system: Outdoor air varies and total air�ow varies.

Fan-powered VAV systems: Outdoor air varies and total air�ow may or may not vary.

Demand control ventilation: Outdoor air varies and total air�ow may or may not vary.

UVC – Air Handler Installation
       UVC, when installed in HVAC air-handling systems, has basically two functions. 

       The �rst, and easier installation, is to provide cooling coil and surface irradiation. Since the light is �xed on these

components, mold, bacteria, and other organisms residing on these surfaces are deactivated (i.e., killed). 

       The second, requiring much greater attention to a number of factors, is the inactivation of airborne bacteria and

pathogens. To accomplish this, lamp intensity, residence time, �xture spacing, and other criteria must be met in order to

have a signi�cant impact on airborne microorganisms. It's important to note that UVC has virtually no effect on VOCs

or particulates in the space or airstream. 

       UV systems produce light in predominantly two wavelengths: 253.7 nm (UVC) and 185 nm (vacuum UV or UVV).

Wavelengths below 200 nm generate ozone. Since ozone above 5 ppb (UL 2998) is generally not acceptable in the

HVAC industry, manufacturers use one of two methods to block the 185 nm wavelength. The �rst method is where the

lamps are “doped” quartz, which is where a thin layer of titanium dioxide is applied to the inside of the quartz. The

second method currently being used is to produce the lamps from “soft glass,” which is glass made from sodium barium

silicate.

       Although UVC systems in the air handler do help keep the coils clean, a major consideration for use of UV in an

HVAC system should be its ability to deactivate airborne bacteria and pathogens. The predominate factor in

determining the effectiveness of UVC in air-handling systems is its residence time. Residence time is simply the length

of time the airstream and whatever is in the airstream — virus, bacteria, spores, etc. — is exposed to the UV light. With a

velocity of 500 feet per minute (fpm), which is fairly common across a cooling coil in an air handler, the residence time is

0.96 second in an 8-foot section of air handler or duct exposed to UV light. If that length is reduced to 2 feet, the

residence time is reduced to 0.24 seconds. As the residence time is reduced, the lamp intensity must be correspondingly

increased. At very short residence times, the lamp intensity cannot realistically be increased enough for a signi�cant kill

rate. It’s not uncommon to �nd UV lights that have been installed into very tight sections of air handlers. It is doubtful

that much more is being done in those installations other than keeping surfaces and coils cleaned in these installations.

FIGURE 2: Ultraviolet germicidal irradiation (UVGI). 
Image courtesy of UV Resources

       The life of a typical UV lamp is approximately 9,000 hours. Manufacturers recommend the lamps be energized 24/7,

even without the unit running to help keep coils clean which, in turn, reduces fan brake horsepower (BHP). At the end of

one year, the lamp intensity has dropped to roughly 90% of its initial capacity and should be replaced. When reviewing

the time of operation and loss of intensity characteristics of UV lamps with several manufacturers, they stated that

many owners do not replace lamps on an appropriate schedule, resulting in poorer performance then intended. Reps

from another manufacturer felt that maybe up to 80% of the systems they had seen in operation were operating with

lamps that far exceeded their useful (90% intensity) life.

       There are other guidelines that need to be followed when considering installation of UV equipment in an HVAC

system. Many duct liners and �lters will deteriorate rapidly with continuous UV exposure. Even if the UV is installed

downstream of the heating and cooling coils, there is potential, depending upon the characteristics of the coils installed,

for re�ectance of the UV light through the coil and onto the �lters.

Particulate Filtration
       The quality of the air in a space is at least partially dependent upon the number of particulates in the airstream we

are exposed to. In a typical building, there can be 18 million particles in each cubic foot of air. It is important for

mechanical systems to remove as many particles of various sizes as practical. Some mechanical equipment has minimal

�ltration capabilities, basically roughing �lters or maybe a 1-inch �lter. Other equipment may have 2-inch, 4-inch, and

deeper �lters of various capacities and ef�ciencies. Often, an existing piece of equipment can physically hold a higher

ef�ciency �lter but not without a penalty of reduced air�ow.

       Since the start of the COVID pandemic, it seems that almost every organization addressing IAQ is suggesting a

MERV-13 or MERV-14 �lter should be the minimum �lter used in a mechanical system. While, for many engineers, this

is a simple change in design philosophy from what was the previous norm, the concern is often more related to the

maintenance of the systems. There are many owners whose systems are designed and installed based upon the use of

high-ef�ciency �lters. After taking over the operation of the systems, owners frequently replace these high-ef�ciency

�lters with less costly �lters, such as MERV-8 �lters. This is an issue that can easily be addressed.

       A second issue will take a little more time and owner education to resolve. There are several approaches taken by

manufacturers to produce �lters — speci�cally �lters with higher MERV ratings that are frequently discussed in

conjunction with improved IAQ. The MERV rating, that is the initial MERV rating of a �lter, can be achieved by one of

three fabrication methods. The �rst, and usually the most expensive way, is by utilization of a �ne �lter media of

suf�cient arrestance to achieve the desired MERV rating. The second method is to utilize a coarse �lter media that is

then electrostatically charged during the fabrication of the �lter media. The last method is similar to the second method,

except the �lter media is not charged until after fabrication. This last method is the least expensive method to fabricate

a �lter to meet the desired MERV rating. The �lters, which achieve an initial MERV-13 rating as the result of

electrostatically charging the �lter media after fabrication, quickly lose ef�ciency once they are installed in air-handling

systems and are exposed to particulates. They lose ef�ciency either by loss of charge or by the �lter �bers being

insulated with captured particulates. Filters produced in this manner can drop from a MERV 13 to essentially a MERV 9

after about three weeks of service. The vast majority of MERV-13 �lters sold, as you can probably guess, are the least

expensive �lters to fabricate. 

       Filters are evaluated and rated based upon testing required by ASHRAE 52.2 developed in 1999. Later, a secondary

test method was developed and designated as ASHRAE 52.2, Appendix J, in which �lters are tested to demonstrate

how �lter ef�ciencies might change in actual �eld conditions. The difference in MERV ratings for a �lter tested to

ASHRAE 52.2 and ASHRAE 52.2, Appendix J, is dramatic, particularly for many electrostatically charged �lters. The

following chart shows how dramatic a change occurs to a �lter’s MERV rating when tested to each standard.

FIGURE 3: A MERV-13 �lter media test. 
Image courtesy of Cam�l

       Another concern with �lters is the rapid deterioration of the media when used in systems that also utilize UV

technology. The media used in some �lters does not hold up well when exposed to UV. Synthetics, cotton, polyester, and

polypropylene all degrade at different rates when subjected to UV. Glass �ber media holds up better than these other

materials.

       One last comment is related to the cost of the �lters and the bene�ts of high-ef�ciency �lters, except where higher

�ltration ef�ciencies are required for certain particle sizes, there is often a diminishing bene�t to utilizing higher-rated,

more costly �lters — rated above a MERV 13 or 14 — in a typical of�ce or school environment.

       Another recommendation of some of these same organizations addressing IAQ is the use of portable HEPA

�ltration units in a space such as a classroom. The de�nition of a HEPA �lter is a �lter capable or removing 99.97% of

all airborne particulates larger than 0.3 microns in diameter. There are many portable air-cleaning devices sold that are

promoted as a product containing a HEPA �lter. This does not necessarily mean those �lters are true HEPA �lters. A

true HEPA �lter has been tested and certi�ed to meet the performance requirements of a HEPA �lter. Some of the

�lters, but not all, marketed with portable air �ltration devices are sometimes labeled as HEPA, like 99% HEPA or just

HEPA, but have not been tested or certi�ed to be actual 99.97% HEPA �lters. Often, there is no way of knowing the

actual ef�ciency of these noncerti�ed HEPA �lters. 

       The second concern with the portable �ltration units is knowing exactly how much bene�t is achieved by locating

these in a space such as a classroom. While there is no doubt these units remove particulate from the space, it is dif�cult

to �nd good data identifying how much the space is bene�ting from these units. In a classroom, for example, we often

see these units located in the front or rear corners of the room. It’s very dif�cult to determine what the bene�t is to the

occupants as there are so many variables — capacity of unit, �lter rating, location of unit in space, size of space, etc. As a

minimum, the portable HEPA �lters should be selected for the size of the space in which the unit is to be installed as

recommended by the manufacturer with the appropriate adjustment for the actual volume (height) of the space.

Bipolar Ionization
       Bipolar ionization is maybe one of the more controversial technologies discussed when considering design options

to implement or improve IAQ measures. The characteristics of bipolar ionization commonly considered include the

number of ions generated, types of ions produced, life of an ion, ion density in a space, maintenance, controls,

monitoring, power, installation, and ozone generation. The primary issues and concerns expressed by those critical of

this technology include: Is ionization effective in increasing particulate size; can ionization deactivate some pathogens;

are negative ions generated by ionization harmful; does ionization generate ozone or VOCs; and, if ionization does work

as promoted, what levels of ions are recommended for a space such as a classroom?

       To determine if an ionization device is viable for a facility, the �rst things that must be considered are the types of

technologies available to produce the ions. Ions can be generated by an ionic process inherent to corona discharge,

electrostatic precipitation, and bipolar ionization. One ionic process utilizes dielectric barrier discharge tubes to

generate nonthermal plasmas. The two most commonly used devices currently being applied in HVAC designs are

needlepoint and dielectric barrier discharge bipolar ionization devices.

FIGURE 4: Air treatment technologies to improve IAQ. 
Image courtesy of the U.S. Environmental Protection Agency

FIGURE 5: Reactive oxygen species. 
Image courtesy of AtmosAir

       The ozone generation issue should be simple to address. Many articles group bipolar ionization with other

technologies and caution about the amount of ozone generated by these devices or at least the potential amount of

ozone that can be generated by these devices if the device is not properly maintained. Some manufacturers have their

devices tested and certi�ed to meet UL 2998. UL 2998 tests the device every second for 24 hours by measuring the

ozone produced at 2 inches from the device to ensure levels do not exceed 5 ppb. While it’s true that devices that do not

control the voltage output to the ionizing device properly can have varying amounts of ozone generated, which exceed

UL 2998, devices where the voltage is accurately and consistently regulated by a quality voltage regulator don’t face the

same problem caused by varying voltages.

       Similar to the ozone concern is the issue of potential VOC generation. Some bipolar ionization devices have been

tested by independent laboratories to determine if any measurable levels of VOCs are generated by that device. Results

are available from each manufacturer to verify if a device does or does not generate VOCs in any measurable quantity. 

       In an article written by Dr. Marwa Zaatari and Dr. Marcel Harmon titled, “Open Letter to Address the Use of

Electronic Air Cleaning Equipment in Buildings,” a good portion of the article examines the negative impact on the

health of occupants caused by the generation of ozone by ionization devices and other electronic air cleaning devices.

It's mentioned that some of these devices have been certi�ed to meet UL 2998 but that there have been no studies or

testing done to verify “ozone emissions that do not start or do not increase in a variety of installation conditions over

time.” The article further recommends that schools should “strongly consider turning off or disabling these electronic air

cleaners to prevent unintended harm to building occupants.” To support this statement, the article refers to studies that

stated bipolar ionization could generate ozone and VOCs, to another study where the authors “found increases to

exposure to negative air ions resulted in systematic oxidation stress, which can lead to cell and tissue damage,” and to a

�nal document that stated, through a study of school children, that “exposure to negative air ions resulted in a negative

impact on heart rate variability.” In reviewing these issues online and with others in this profession, it was hard to �nd

much researched support for these statements.

       There are many studies that challenge the position that negative air ions (NAIs) are harmful to humans or to

anywhere near the degree expressed by Drs. Zaatari and Harmon. One detailed study, published in the International
Journal of Molecular Sciences (September, 2018), reported there were many bene�ts to humans being exposed to NAIs.

They reported that various studies showed that NAIs could help boost the immune system, had positive effects on the

cardiovascular system, and showed highly signi�cant increases with various tested tasks. In addition, the article stated

that various studies showed that NAIs attach themselves to particulates, such as dust, mold spores, and other allergens,

that allow particulate clusters to precipitate or deposit faster than particles not exposed to NAIs. NAIs were also shown

to inhibit the growth of bacteria.

FIGURE 6: Dielectric barrier discharge bipolar ionization.
Image courtesy of AtmosAir

       The Johns Hopkins School of Public Health recently published a paper (May 2021) that very brie�y mentions

bipolar ionization. In that paper, it was stated that bipolar ionization and other technologies “have not been shown to be

safe and effective,” and “The effect of these cleaning methods on children has not been tested and may be detrimental to

their health.” As with the articles written by Dr. Zaatari and Dr. Harmon, we have not found much evidence to support

John Hopkins School of Public Health’s position that negative ions create an unsafe environment.

Summary
       The CDC, EPA, ASHRAE, and other respected organizations each have a wide range of recommendations to provide

an acceptable indoor air environment in schools and other facilities. Some are operational recommendations, such as

the desire to operate the mechanical systems 24/7, operate systems two hours prior to the start of the school day and

run them for two hours after the end of the school day, increase outside ventilation air to the extent possible, open

windows when possible, increase total air�ow to the space, disable demand control ventilation systems if any are

installed, and allow fans to run continuously in lieu of intermittently. Other recommendations include installing higher

�ltration in the HVAC systems (MERV 13 or 14 minimum), installing UV-C devices, consider modifying the air

distribution for directional air�ow, and installing true portable HEPA �ltration units appropriately sized for the space. 

       Perhaps the best guidance given to engineers and owners by the various organizations is that “consumers are

encouraged to exercise caution and do their homework” regarding IAQ and especially technologies which are

considered to be emerging.

Dan Reider, P.E. 
 Dan Reider is principal and manager of mechanical engineering at Buford Goff & Associates.

Lead photo courtesy of Pixabay
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Redesigned Model ECV Energy Core Ventilator Line – Greenheck
       Greenheck recently redesigned its Energy Core Ventilator (ECV) line, ensuring exceptional performance in a small

footprint available for space-sensitive indoor or outdoor installations. Model ECV features direct drive plenum fans

with variable frequency drives (VFDs) replacing the forward curved fans typically found in energy core ventilators. The

high-ef�ciency direct drive plenum fans signi�cantly reduce motor horsepower requirements and corresponding

electrical wire and circuit breaker sizes. The VFDs facilitate ease of balancing at start-up and no belts simplify

maintenance. Reduced sound power levels are backed by radiated sound data tested in accordance with AMCA 320-07.

Greenheck

www.greenheck.com

Cat 100% Hydrogen Generator Sets – Caterpillar Inc.
       Caterpillar Inc. will begin offering Cat® generator sets capable of operating on 100% hydrogen, including fully

renewable green hydrogen, on a designed-to-order basis in the fourth quarter of 2021. Additionally, later this year,

Caterpillar will launch commercially available power generation solutions from 400 kW to 4.5 MW that can be

con�gured to operate on natural gas blended with up to 25% hydrogen.

       These market-focused innovations leverage power generation projects currently operating on natural gas blended

with up to 80% hydrogen to help address customers’ carbon-reduction goals with high-performing, cost-effective

technologies that demonstrate the near-term viability of hydrogen as a fuel source. Building on 35 years of experience

across multiple end markets, Caterpillar continues to improve the performance of hydrogen-fueled power technologies

with minimal impacts on maintenance costs and schedules, availability and operations.

Caterpillar Inc.

www.cat.com/sustainablepower

Medium Foundation Rooftop Units – Trane
       With the addition of four new mid-size tonnages to its 3- to 25-ton Foundation rooftop product line, Trane offers a

range of light commercial rooftop solutions. The new medium Foundation features a footprint speci�cally designed for

immediate like-for-like replacement. Retro�t models require less time on the roof and less upfront expense as the

additional cost of a curb adapter is not required. No matter the size or capacity requirement, the small, new medium, or

large Foundation units offer the price-conscious business owner, contractor, or facility manager easy plug-and-play

installations and reliability for a variety of small building applications.

Trane

https://www.trane.com/commercial/north-america/us/en/products-systems/packaged-units-and-split-systems/rooftop-

units/foundation.html

Self-Regulating Variable-Speed Fire Pump with Fire Manager –
Armstrong Fluid Technology
       Armstrong Fluid Technology has unveiled its Design Envelope Fire pump unit along with Fire Pump Manager, a new,

connected service for tracking pump performance. In addition to providing important new safety bene�ts, Armstrong’s

new Design Envelope Fire Pump holds the distinction of being the �rst self-regulating variable-speed �re pump to meet

National Fire Protection Association (NFPA)-20 (2019 Edition), Section 4.8 standards. 

       Through Active Performance Management and Armstrong 360 Service and Support solutions, Armstrong believes

engineers, contractors, and owners will get the best possible performance and value from �re safety systems at every

phase in the life cycle of a building.  

Armstrong Fluid Technology

www.armstrong�uidtechnology.com

Acadia Series Washable Energy Recovery Plates – Airxchange
       The Acadia Series washable energy recovery plates from Airxchange are now available to deliver total performance

and HVAC system ef�ciency. Acadia’s polymer plate design aligns with Airxchange’s proprietary polymer energy

recovery wheel design to offer engineers, building owners, and original equipment manufacturers a comprehensive

choice of washable residential, commercial, and industrial air-to-air energy recovery components. 

       The Acadia Series is available in a range of sizes, from 50-4,000 cfm, has a high-structured plate strength with up to

5 inches of pressure differential, includes an antibacterial coating, and is easy to clean.

Airxchange

www.airxchange.com

In�nium acclAIM Fiber Solution – Legrand
       Legrand, a global specialist in electrical and digital building infrastructures, unveiled its latest �ber breakthrough, the

In�nium acclAIM Fiber Solution. As part of Legrand’s �ber offerings, the accIAIM™ Fiber Solution rede�nes �ber

connectivity by replacing pre-terminated cassette-based solutions with direct connections — to deliver a low insertion

loss.

       Hyper-scale, cloud, and 5G network managers now require higher density and improved scalability that comes with

the implementation of next-generation two �ber connectors. However, when upgrading �ber systems, they are also

experiencing challenges such as polarity, optical loss, delivery, design/deployment headaches, and high costs associated

with cassette use. The acclAIM Fiber Solution dramatically decreases or eliminates many of these challenges by

leveraging unique innovations.

Legrand

https://www.legrand.us/solutions/�ber-optic/in�nium-acclaim?utm_campaign=dpc-dat-legrand-in�nium-

&utm_medium=pr&utm_content=announcement&utm_ad_term=&utm_source=CT

TriArmor® Corrosion Protection System – Baltimore Aircoil Co.
       Baltimore Aircoil Company (BAC) highlights the TriArmor® Corrosion Protection System, which provides corrosion

and leak protection for cold water basins. For more than 20 years, thousands of cooling towers, �uid coolers, and

condensers with the TriArmor® System have withstood the harshest environments, proving its durability and reliability.

This patented system is designed speci�cally for evaporative cooling equipment for HVAC, industrial, and refrigeration

applications.  

       The TriArmor System offers three layers of protection, starting with G-235 galvanized steel, a heavy, commercially

available galvanized steel. Universally recognized for its strength and durability, it offers excellent service life under

normal operating conditions with proper maintenance and water treatment. The second layer is a thermosetting hybrid

polymer baked onto the galvanized steel to create a durable barrier. This polymerized coating has been tested to

withstand 6,000 hours in a 5% salt spray without blistering, chipping, or losing adhesion. The third layer, a

polyurethane barrier, is a factory-applied, corrosion-resistant, impermeable coating that ensures a seamless basin. To

help ensure leak-free longevity, microscopic chains of rubber-like resin molecules permanently bond tightly with one

another and the thermosetting hybrid polymer. These three layers of protection form a bond for the ultimate in

corrosion resistance and leak protection.

Baltimore Aircoil Co.

www.baltimoreaircoil.com/triarmor

DewMaster Hygrometer – Edgetech Instruments Inc.
       The rackmount DewMaster precision hygrometer with stainless steel X3F sensor from Edgetech Instruments Inc.

features a 19-inch rackmount con�guration with its corrosion-resistant, primary method, chilled mirror sensor

remotely mounted on a connecting cable that is typically 10 feet long.

       The DewMaster is a laboratory-grade, high-precision instrument with multiple available sensor con�gurations and

wide applicability to �t all budgets. Available sensors can be air, fan, or liquid cooled to �t the required dew/frost point

range. Applications range from use as a calibration standard to monitoring moisture content in continuous industrial

processes.

       All Edgetech Instruments hygrometers are manufactured and supported in the USA in a modern, ISO 9001:2015-

registered facility with ISO/IEC 17025:2017 accredited calibration laboratory. All calibrations and certi�cations are

NIST traceable.

Edgetech Instruments Inc.

www.edgetechinstruments.com
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Tomorrow's Environment

COVID-19’s Influence on Health
Care Acquired Infections  

The pandemic has proven that HAIs can be reduced when hospitals put restrictions on their
open-door policies.

By Howard McKew, P.E., FASHRAE

SCROLL

       This month’s editorial calendar centers on “High Performance Health Care,” which got me thinking about the lessons

the HVAC community learned after more than a year of health care sheltering in place. Each one of us probably has a

family member or friend who was scheduled to visit a hospital in 2020, and, of course, no one was allowed to go with

this person into the hospital due to COVID-19. From a health care acquired infection (HAI) point of view, this chronic

problem associated with health care facilities most likely took a dip in HAI cases in 2020 when compared to 2019, but

that research study hasn’t been taken yet. 

       Assuming my 2020 versus 2019 assessment is correct, why would there a dip in HAI cases? First off, there were

less people coming and going into these facilities. Second, the facilities received extra attention by the operation and

maintenance staff, housekeeping, and health care staff themselves. All of them were far more proactive in 2020

following standard cleaning and hygiene procedures than in the past, not to mention that stricter rules were put in place

to combat COVID-19. Most important were the restrictions placed on visitors who were accompanying the individual

who had scheduled the appointment.

Image courtesy of Unsplash

       Now, some may dispute these statements, but I’ve seen �rsthand health care policy and procedures pre-COVID-19,

and I’m con�dent I’m more right than wrong. If you deduct the hospital’s entire staff and focused strictly on those

people coming and going prior to 2020, it’s safe to estimate 40%-50% of those visiting the facility were just that,

visitors and not patients. On the patient room �oors, visitors were used to coming and going, often in small groups. Let’s

estimate the number of visitors exceeded the number of patients by a two-to-one ratio, if not more in pre-COVID-19

days. It’s also safe to say that before 2020, most visitors did not follow the hospital’s hygiene guidelines that were in

place. And health care workers within the facility didn’t always follow their hospital’s own infection control guidelines,

especially when compared to 2020, “the COVID year.”

       Going forward, health care facilities that strive to retain or achieve high performance should implement a quality-

control study to capture before, during, and after a pandemic to improve their current cleaning and hygiene protocol as

well as seriously revisit the facilities visitor rules and regulations. Before COVID-19 implemented restrictions on

visitors, coming and going from the facility would be considered infringing on patient and visitor rights, but now, our

lessons learned prove HAI cases can be reduced when hospitals put restrictions on their open-door policies for the

bene�t of the hospital staff, patients, and visitors. An often-quoted 2013 U.S. Center for Disease Control and

Prevention (CDC) review identi�ed nearly 1.7 million hospitalized patients annually acquire HAIs while being treated

for other health issues and that more than 98,000 patients (one in 17) died due to these infections. In that year, the

economic burden to the U.S. may be as high as $45 billion per year. What would that �nancial projection be today? 

       If health care facilities would take into account the lessons learned from their past open-door policy, one could say

this would be a high-performance win-win-win for the hospital’s operating budgets, the occupants, patients, visitors,

and the reputation of the health care organization.

Howard McKew, P.E., FASHRAE
Reach Howard McKew at hmckew@bss-consultant.com or at www.buildingsmartsoftware.com

Use this handy shortcut to see years of Howard’s opinions and tips in this column and other
articles.
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Sourcebook Premium Sponsorships

Belimo Americas
33 Turner Rd.

Danbury, CT 06810

(800) 543-9038

marketing@us.belimo.com

https://www.belimo.us

BACK

CLICK HERE

**To see all product photos, downloads, and more!**

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

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

company's core business.

**Product Categories**

Building Automation Systems (BAS), Actuators

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

Meters, Flow, Water

Valves, 2, 3 & 4 Way

Valves, Balancing

Valves, Ball

Valves, Butter�y, Flanged, Brass or Bronze

Valves, Butter�y, Flanged, Iron

Valves, Butter�y, Flanged, Steel

Valves, Butter�y, Grooved Ends

Valves, Butter�y, Lug

Valves, Flow Control

Valves, Globe, Brass & Bronze

Valves, Globe, Iron Body

Valves, Mixing, Hot & Cold Water

Valves, Mixing, Steam & Water

Valves, Valve Operators

Valves, Zone Control
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Sourcebook Premium Sponsorships

KMC Controls
19476 Industrial Dr.

New Paris, IN 46553

(574) 831-5250

info@kmccontrols.com

https://www.kmccontrols.com

CLICK HERE

**To see all product photos, downloads, and more!**

BACK

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

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

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

the company’s core business.

**Product Categories**

Building Automation Systems (BAS), Actuators

Building Automation Systems (BAS), Analog Controllers

Building Automation Systems (BAS), Building Automation Systems

Building Automation Systems (BAS), Digital Controllers

Building Automation Systems (BAS), Drivers

Building Automation Systems (BAS), Ethernet

Building Automation Systems (BAS), Network Diagnostic Equipment

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

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

Building Automation Systems (BAS), Routers

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

Building Automation Systems (BAS), Software

Building Automation Systems (BAS), Thermostats

Building Automation Systems (BAS), Workstations

Building Automation Systems (BAS), Zone Controls

Energy Management Systems

Indoor Air Quality (IAQ), Air Cleaning System

Indoor Air Quality (IAQ), Duct Decontamination, Microbiological

Meters, Air Velocity

Meters, Volume, Air & Gas

Sensors, Electrical

Sensors, Leak

Sensors, Moisture

Sensors, Smoke

Software, Calculating Energy Consumption

Software, Data Acquisition

Software, HVAC/R

Software, Indoor Air Quality

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

Valves, Automatic Control

Valves, Automatic Shutoff with Manual Reset

Valves, Bypass

Valves, Digital

Variable Air Volume (VAV), Units, Variable Air Volume Control, for Air Conditioning
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LG Electronics USA Inc.
4300 N. Point Pkwy., Ste. 200

Alpharetta, GA 30022

https://www.lghvac.com

BACK

CLICK HERE

**To see all product photos, downloads, and more!**

LG Air Conditioning Technologies is a leading manufacturer in the global air conditioning market with innovative

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

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

**Product Categories**

Air Conditioners, AHUs

Air Conditioners, Duct split

Air Conditioners, Ductless split

Air Conditioners, Heat Pump

Air Conditioners, Portable

Boilers, Waste Heat Recovery

Building Automation Systems (BAS), Building Automation Systems

Building Automation Systems (BAS), Cooling

Building Automation Systems (BAS), Heating

Building Automation Systems (BAS), Software

Building Automation Systems (BAS), Thermostats

Building Automation Systems (BAS), Zone Controls

Ductwork & Related, Anti-Corrosive Duct Coatings
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Thermo-Cycler Industries Inc.
111 Hamilton St. P.O. Box 22

Union Mills, IN 46382

(219) 767-2990

sales@thermocycler.com

https://www.thermocycler.com

BACK

CLICK HERE

**To see all product photos, downloads, and more!**

Since 1984, Thermo-Cycler Industries has specialized in  energy ef�cient air turnover heating and ventilation systems

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

200 Mbh to 2000 Mbh.

**Product Categories**

Heat Recovery Units

Heat Recovery Units, Air to Air, Rotary

Heat Recovery Units, Ventilators

Heaters, Indirect-Fired

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

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

Ventilation/ Ventilators, Energy Recovery Ventilators

Ventilation/ Ventilators, Heat Recovery

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