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Charging Forward,
But Which Way Do We Go?

 The greatest impact HVAC systems have on global
warming and greenhouse gas emissions is from energy

consumption, not the refrigerant �uid in the system.

Image courtesy of [olaser]/[Collection E+] via Getty Images.

SMARTER ENGINEERING:

Leading Examples of
Automation Excellence

Smart buildings are dead. Long live smarter buildings.

Image courtesy of [sefa ozel]/[Collection E+] via Getty Images.
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Editor's Note

By Herb Woerpel

COVID-19 — Working
Beyond the Speed of Need
The idea that we can’t afford the cost of infection control is no longer valid.

There’s too much at stake.

SCROLL

The COVID-19 pandemic has created massive disruption economically, socially, politically, personally, etc. As of Aug.

11, 203.9 million cases of COVID-19 have been reported worldwide with 4.3 million deaths — an average of more than

10,000 per day. 

As the virus �rst emerged, numerous global organizations and associations responded with suggestions and

recommendations in response to the pandemic, including the U.S. Centers for Disease Control and Prevention (CDC),

the World Health Organization (WHO), and more. Among these organizations, the ASHRAE Epidemic Task Force (ETF)

established itself as a leader on behalf of the built environment and did so at the speed of need, not the speed of

business.

Airborne Assumptions
ASHRAE of�cially created the ETF in March 2020. It currently has 22 members who oversee teams and has been

successful at providing guidance on HVAC systems to the engineering industry and public at large.

In April 2020, the ETF assumed its leadership position by suggesting there was suf�cient likelihood that COVID-19

could be transmitted through the air and that precautionary measures should be taken. Both ASHRAE and the

Federation of European Heating, Ventilation, and Air Conditioning Associations (REHVA) issued guidance positions

solidifying this opinion.

On the other hand, it took a very long time for other public health organizations to make the same move, as the CDC

didn’t admit there were circumstances where indoor transmission could occur in closed spaces until October 2020, and

the organization didn’t release an of�cial statement that close-range transmission was affected by aerosols until May

2021.

The keystone of the ETF’s guidance is included in the group’s “Core Recommendations for Reducing Airborne Infectious

Aerosol Exposure.” These guidelines are based on the concept that ventilation, �ltration, and air cleaners can be

deployed �exibly to achieve exposure reduction goals subject to constraints that may include comfort, energy use, and

costs. This is done by setting targets for equivalent clean air supply rate and expressing the performance of �lters, air

cleaners, and other removal mechanisms.

The ETF’s core recommendations stretch much further than this broad statement, offering guidance on numerous

topics, including ventilation, �ltration, air cleaning, air distribution, HVAC system operation, commissioning, and more.

The ETF has since implemented a website that includes numerous resources, including infographics, one-page guidance

documents, position papers, answers to frequently asked questions, and much more.

Image courtesy of [Thinkhubstudio]/[Collection iStock / Getty Images Plus] via Getty Images.

Future ETF Considerations
As the delta variant has proven more infectious than the COVID-19 virus, it appears this pandemic is not going

anywhere anytime soon. Accordingly, the ETF must continue to evaluate how the virus is transported and explore how

HVAC systems can be best utilized to mitigate its spread. 

Numerous concerns regarding equivalent outdoor air�ow rates and air distribution remain. Looming questions must

continue to be explored, such as: Are six air changes enough in a medical facility (per ASHRAE Standard 170)? Can

ventilation rates be effectively tied to infection rates, via Wells-Riley or other methods, or are there too many variables

at play (�ltration, susceptibility of the occupants, emission rates, time an occupant is present, etc.) to establish a

consistent stat? Can an “epidemic model” be constructed to calculate the probability of a person’s infection based on a

community’s background infection rate and a facility’s equivalent ventilation rate (amongst numerous other factors)?  

Future Engineering Considerations
While the ETF can (and will) continue to conduct the symphony of mitigation, HVACR engineers must diligently tune

and play their instruments to the best of their abilities. This means shifting the focus solely from cost and energy use to

examine more of the health, productivity, and educational bene�ts of indoor environmental quality (IEQ) and thermal

comfort. Thus, the coordination between energy and IEQ standards must be more collaborative in nature rather than

competitive. This can be achieved at all levels, from the society’s standard committees to the consulting and specifying

engineers who are calling the shots to the engineers in training still earning their stripes. 

Finally, there has to be a shift in the perception that we can’t afford the cost of infection control. That is no longer a valid

statement – there’s too much at stake.

Despite the path of destruction levied by the coronavirus and its multiple variants, this storm will eventually pass.

Thankfully, as an industry and country, we're in a much better place due to the diligence of the ETF.   

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

Edwards, a Carrier Brand, and Airthings
Announce a Strategic Agreement

SCROLL

CHICAGO — Airthings, global manufacturer of IAQ solutions and energy-saving technology, formed a strategic

agreement with Edwards, a manufacturer of �re detection and alarm solutions and a part of Carrier Global Corp., a

provider of healthy, safe, sustainable, and intelligent building solutions. The agreement commercializes Airthings’

business solution through more than 500 Edwards channel partners in the �re and security segment.

Extending the distribution of Airthings technology represents tremendous progress toward making air quality

monitoring a critical component of commercial buildings and as ubiquitous as the everyday smoke detector.

“Edwards and Airthings share a mutual commitment to improving indoor environments,” said Angie Gomez, president,

Edwards. “Expanding our comprehensive �re and life safety offering to include indoor air quality monitoring will further

enable our customers to create safer, healthier indoor environments.”

As part of the strategic agreement, Edwards will commercialize the Airthings for Business solution through its channel

partners in the U.S. and Canada.

Arcline Investment Management Acquires
Dwyer Instruments

MICHIGAN CITY, Ind. — Arcline Investment Management, a growth-oriented private equity �rm, acquired a controlling

stake in Dwyer Instruments from the Clark family and management.

Dwyer Instruments is a designer and manufacturer of sensor and instrumentation solutions for the worldwide process

automation, HVAC, and building automation markets. The company holds 93 active and pending patents and offers a

broad suite of over 40,000 con�gurable SKUs, enabling it to service nearly all customer-required applications. Dwyer

serves more than 20,000 active OEM, distribution, and end-user customers through its of�ces in the U.S., U.K., Hong

Kong, Australia, and Singapore.

“The Clark family and the Dwyer team have built a strong brand with market-leading sensor and instrumentation

solutions for process automation markets,” said representatives from Arcline. “We believe the company’s differentiated

products position it well to serve the growing trend toward greater process automation, connected devices, and

improved IAQ and energy ef�ciency. We are excited to partner with management to steward the business in its next

phase of growth.”

“From early in the process, it was clear that Arcline understood our business and would be a tremendous �t to carry on

the Dwyer legacy,” said Steve Clark, chairman of Dwyer. “I could not be happier with the outcome and look forward to

following the growth of the business in the future.”

Brown and Caldwell Appoints
Tracy Ekola Vice President and
Senior Director of Client
Services for the Midwest Region

ST. PAUL, Minn. — Environmental engineering and construction �rm Brown and Caldwell announced Tracy Ekola joined

the company as vice president and senior director of client services for the Midwest region. The strategic hire highlights

the �rm’s continued expansion to better serve clients in the Midwest’s municipal and private water, wastewater, and

stormwater sector.

Ekola brings a 28-year environmental engineering and construction background with a record of effective business

growth and project team leadership in the upper Midwest. She has held executive/regional leadership roles and served

as a design-build board member in past organizations. Using her design, project management, environmental

permitting, planning, and construction inspection and administration expertise, Ekola has led numerous high-pro�le

environmental projects at municipal and industrial water and wastewater treatment facilities.

Outside of project responsibilities, her signi�cant professional association involvement has seen her undertake several

roles at both state and national levels, including serving as an executive committee member of the Minnesota

Environmental Science and Economic Review Board for the past decade.

Based in Saint Paul, Ekola will have operational responsibilities for Brown and Caldwell’s Minnesota, Wisconsin, Iowa,

Missouri, and Illinois operations. She will align municipal and private clients with the �rm’s innovative, cost-effective

technical solutions to solve the region’s most complex water-related and environmental challenges.

SmithGroup Hires Susanne 'Charli'
Buchberger to Expand Business

Development in Chicago

CHICAGO — SmithGroup, one of the nation’s leading integrated design �rms, hired Susanne “Charli” Buchberger to

serve as director of business development at its Chicago of�ce.

Possessing nearly 25 years of experience, Buchberger will draw upon her expertise to expand the of�ce’s already

substantial portfolio of work across the higher education, health, science and technology, urban design, workplace, and

waterfront markets. Notable clients in these arenas include Advocate Aurora Health, Alibaba, Chamberlain Group - A

Duchossois Family Co., Chicago Park District, Northwestern University, Promega Corp., and University of Illinois at

Urbana-Champaign, and others.

Buchberger comes to SmithGroup from Booth Hansen, where she served as director of business development. Her

professional background also includes 21 years working with notable global �rms, including Arthur Andersen, Marsh,

and Deloitte.

As an undergraduate, Buchberger attended University of Wisconsin-Madison and earned bachelor’s degrees in the

�elds of civil engineering and education. She went on to obtain a master’s degree in environmental engineering with a

focus on hydrology studies from University of Wisconsin-Milwaukee.

“Charli possesses a unique blend of expertise and training, which enables her to understand the challenges impacting

our clients,” said Tim Tracey, AIA, director of SmithGroup’s Chicago of�ce. “As a passionate steward of the environment,

Charli will partner with teammates and business leaders to develop strategic solutions across the full spectrum of

integrated design services.”

Armstrong Fluid Technology
Names Simone Walzel Data
Center Global Head

TORONTO — Armstrong Fluid Technology announced Simone Walzel has joined the company as global head of data

centers.  

An experienced industry professional with extensive knowledge of data center services and solutions, Walzel has

invested more than 20 years in the mission critical industry. After launching her career with Honeywell, she has worked

in progressively senior roles with Schneider Electric, Emerson Network Power, Stream Data Centers, and Vertiv.

In her new role, Walzel will lead a global team of sales professionals serving customers directly and through an

established partner network.

“We’re extremely proud that Simone has joined us,” said Joachim Schulz, commercial director, global building business.

“She is an experienced data center professional and the perfect leader to take on this opportunity.”

WSP Names Scyller Borglum
Leader of its National
Underground Storage
Market Sector

RAPID CITY, S.D. — Former South Dakota state representative Scyller Borglum has joined WSP USA, an engineering

and professional services consultancy, as the national underground storage market sector leader for the �rm’s energy

business.

In her new role, Borglum will pursue work and build relationships with current and emerging clients, develop strategies

to grow the �rm’s business in the underground storage market, manage underground storage pursuits across the U.S.,

and promote underground storage as a cost-effective, safe, and long-term solution for storing industrial quantities of

liquid and gaseous hydrocarbons.

“Scyller brings a strong combination of technical skills and diverse work experience to WSP,” said Roger Blair, WSP

national energy business line leader. “She shares our vision and philosophy to help our clients meet today’s challenges

in maintaining and storing reliable energy supplies, reducing the environmental impact of operations and improving

overall resiliency.”

Prior to joining WSP, Borglum served South Dakota District 32 as a member of the state House of Representatives

from August 2018 to December 2020, serving on the Health and Human Services, Judiciary, and Military and Veterans

Affairs committees.
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On The Internet

Every successful project starts with a framework. A vision statement. A blueprint. The editors 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.

Recently, Mark Lessans, director of regulatory and environmental affairs, Johnson Controls, sat down with Engineered
Systems editor-in-chief, Herb Woerpel, to discuss the rising role of decarbonization, introduce us to the OpenBlue

Healthy Buildings solution, and more.

Engineered Systems: Decarbonization is a major trend in the HVACR industry. Why is this so, and why is it so important

that the industry gets this right? 

Lessans: Decarbonization is not just a major trend in the HVACR industry, it is the major trend. Buildings are

responsible for roughly 40% of greenhouse gas emissions globally, and HVAC equipment is easily responsible for half

of those emissions. Addressing climate change in earnest requires putting buildings on a pathway to net zero, which

cannot be achieved without deep decarbonization of HVAC end uses. It’s through this lens that I view future

innovations in HVAC equipment and operation, and, frankly, decarbonization is what will keep the industry relevant.

What makes this trend so exciting is thinking about how the HVAC industry �ts into the broader decarbonization

picture. There are so many different technology applications in this space that the optimal solution will change from

building to building. And it’s not just about the building. There’s an interplay with the grid — modifying loads to source

the lowest-carbon energy possible and contributing to grid reliability — that impacts overall emissions. Decarbonization

is a giant engineering systems problem in which buildings, their HVAC systems, and the grid have an important role to

play. There’s no question in my mind that we are moving toward a near-zero emissions economy. If the HVAC industry

focuses on solutions to decarbonize building operations, it has a chance to write its own future.

Engineered Systems: In what ways is Johnson Controls embracing decarbonization?

Lessans: When you look across the Johnson Controls portfolio of building technologies, from HVAC equipment and

systems to sensors, controls, building automation systems, and digital connectivity platforms, like OpenBlue, we are

second to none in our ability to deliver a comprehensive net-zero building. So, we are really leaning into our role as a

solutions provider for building decarbonization.

The trend in building decarbonization is at an in�ection point, and, internally, we have been working through all of the

anticipated technology capabilities that will be needed today and in the future to ensure we have as many applications

covered as possible. We’re also looking at new ways to go to market with decarbonization solutions by leveraging the

guaranteed performance, as-a-service models we have already mastered for energy ef�ciency.

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’ 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, Leighton Deer, vice president of mechanical engineering, and Peter Dahl, principal, HGA Architects

and Engineers, take a deeper dive into bene�cial electri�cation.

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

Commercial Comfort Products of the Year
Engineered Systems recently announced the winners of its 2021 Commercial Comfort Products of the Year Award.

The Verasys Controls System Release 4.0 by Johnson Controls was named the 2021 product of the year in the

Commercial Controls category.

See the video on Engineered Systems’ website.

Facility Files
The engineering industry is very busy shaping the present and future of the built environment. In Engineered Systems’

Facility Files video series, we examine a few of those projects and their impact.

Discover how LG’s products provide a low-voltage and energy-ef�cient solution for the Sinclair Hotel through the

implementation of one of the world’s �rst applications of power over Ethernet (PoE) in our latest installment.

See the video on Engineered Systems’ website.

Table Of

Contents

September 2021

https://www.evapco.com/
https://www.esmagazine.com/articles/101636-the-blueprint-johnson-controls-mark-lessans
https://www.esmagazine.com/ext/resources/Podcast/percussive-maintenance-podcast/ES---Deer-Dahl-(Podcast)---V2.mp3?1627260824
https://www.facebook.com/EngineeredSystems
https://twitter.com/esmagazine
https://www.linkedin.com/company/engineered-systems-magazine/
https://www.youtube.com/user/EngineeredSystemsMag
https://unsplash.com/photos/WiONHd_zYI4?utm_source=vev-design&utm_medium=referral&utm_campaign=api-credit
https://pixabay.com/photos/media-social-media-apps-998990/
https://www.esmagazine.com/videos?bctid=6262881989001
https://www.esmagazine.com/videos?bctid=6261081552001


Back 2 Basics

Refrigerant Transition in a Major
Hospital Using Integrated Project

Delivery

SCROLL

Project Delivery Method: Integrated Project Delivery (IPD)

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

facility manager (in-house staff)

Project Delivery Team: IPD refrigeration-engineer contractor (R-EC) project manager

R-EC Project Team: R-EC supervisor, refrigerant technician (in-house staff), third-party commissioning consultant

(CxC), and infection control consultant (IC)

2018 Refrigeration ASHRAE Handbook: Systems and practice, Chapters 1-9

Project Type: Infrastructure improvements

References: 2018 ASHRAE Handbook – Chapter 50, “Terminology of Refrigeration,” Chapter 51, “Codes and

Standards,” ASHRAE Standard 202, “Commissioning Process for Buildings and Systems,” ANSI/ASHRAE Standard 15,

“Safety Standard for Refrigeration Systems,” and ANSI/ASHRAE Standard 34, “Designation and Classi�cation of

Refrigerants”

DESIGN INTENT DOCUMENT (DID)
R-EC Design Intent:

The R-EC system selection and design intent are based on the processes outlined in ASHRAE educational program:
Review of international treaties and initiatives that support the transition from hydrochloro�uorocarbon (HCFC) and
hydro�uorocarbon (HFC) refrigerants toward non-ozone-depleting, low-global-warming-potential substances. Based
on this and other technical papers focused on ozone depletion and global warming, the following DIDs apply:

Owner building program goals and additional goals (2020 HVAC Systems and Equipment, Chapter 1)
System constraints and constructability constraints (2020 HVAC Systems and Equipment, Chapter 1)
Finalized refrigerant replacement based on existing HVAC equipment

Program & Project Goals:
Functional goals: (2020 HVAC Systems and Equipment, Chapter 1)
Budget goals: First cost, operating cost, and life cycle cost
Timeline goals: Phased refrigeration replacement and required new equipment throughout the hospital’s
refrigerant management inventory
Management goals: Zero ozone depletion and global warming milestones

Existing Conditions:
Central air systems using direct expansion (DX) systems
Chilled water systems using refrigerant cooling
Cold boxes and refrigerators
Refrigerant management software system

DESIGN CRITERIA DOCUMENT
The R-EC design criteria shall be in sync with:

IPD project delivery method using a local refrigeration engineering and service company
Owner’s project design intent requirements
A review of proposed refrigerants and how they can be used in different HVACR applications based on theoretical
and empirical analyses
The design criteria is based on an analytical analysis of existing refrigeration conditions, associated operation, and
proactive maintenance management in sync with the hospital’s overall updating the policy and procedure manual
as it pertains to refrigerant management and the environment

The design criteria shall be based on:
ANSI/ASHRAE Standard 15, “Safety Standard for Refrigeration Systems”
ANSI/ASHRAE Standard 34, “Designation and Classi�cation of Refrigerants”
Next-generation refrigerant considerations, including ammonia (R-717); 2,3,3,3-Tetra�uoropropene (R-1234yf);
and 1,3,3,3-Tetra�uoropropene (R-1234ze) among others having minimal to zero GWP and ODP

Conceptual/schematic phase general notes:
The R-EC design engineer shall provide system �ow diagrams with each R-EC system along with ATC sequences of
operation revisions as well as a bill of materials, refrigerant operation and maintenance policy and procedures,
refrigerant inventory, and safe disposal of existing refrigerants by code
The facility manager shall have the O&M technicians trained to accommodate P&P changes as they work in
integrated project delivery with the R-EC �rm

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

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

Integrated Project Delivery (IPD)

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

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

Owner Team:
Hospital President

Building Program Committee

Owner Representative (consultant)

Project Manager of Capital Projects

Facility Manager (in-house staff)

Project Delivery Team:
D-B Project Manager

CM Project Manager

Equipment Manufacturer Technician

R-EC (Refrigerant-Engineer Contractor) Company IPD Project Manager

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

R-EC Project Team:
R-EC Supervisor

Refrigerant Technician (in-house),

R-EC Commissioning Consultant (CxC)

R-EC Energy Engineering Consultant (EEC)

Infection Control Consultant (IC)

Systems 2018 ASHRAE Handbook
Halocarbon Refrigeration Systems, Chapter 1

Air-Handling and Distribution, Chapter 4

In-Room Terminal Systems, Chapter 5

Refrigeration Containment, Recovery, Recycle, and Reclamation, Chapter 9

Project Type:
New Construction

Infrastructure Improvements

Energy Audit and Retro�t

Facility Audit and Capital Project Master Planning

References:
2017 ASHRAE Handbook – Fundamentals

2018 ASHRAE Handbook – Refrigeration

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

ASHRAE Standard 170 (Ventilation of Healthcare Facilities)

ASHRAE Standard 202 (Commissioning Process for Buildings and Systems)

ASHRAE Guideline 0 (Commissioning Process)

DESIGN INTENT DOCUMENT (DID)

R-EC Design Intent:
The R-EC System Selection and Design Intent Is Based on the Process Discussed in ASHRAE Handbook 2018

Chapters 1-9 and Includes the Following:

Owner Building Program Goals and Additional Goals

System Constraints and Constructability Constraints

Air Filter Minimum Ef�ciency Reporting Value (MERV) Rating

Program & Project Goals:

Functional Goals

Budget Goals: First Cost, Operating Cost, and Life Cycle Cost

Timeline Goals: Phased Refrigeration Replacement and Required New Equipment Throughout the Hospital’s

Refrigerant Management

Outsource Refrigeration Technicians, Service Contract, and Refrigerant Manufacturer Contract

Other Goals: Environmental and Net-Zero Energy

Existing Conditions:

Central Air Systems

General and Toilet Exhaust

Air Conditioning System(s):

Chiller-Chilled Water Equipment and Packaged DX Systems

Outdoor Air Ventilation System(s):

Minimum Air-Side Economizer and 100% Outside Air Systems

Air Filters Based on Area Served

Supply Air Fans:

Add Variable Frequency Drive (VFD) to Reengineered Existing Central Air Systems with Filter Differential

Pressure Drop Control Set Points

DESIGN CRITERIA DOCUMENT
The R-EC Design Criteria Shall Be in Sync with:

Project Delivery Method

Owner’s Project Requirements

New Refrigerant Management P&P Manual

The Design Criteria Shall Be Based on:

Analytical Analysis of Existing Refrigeration Conditions

ASHRAE Standard 170 (Ventilation of Health Care Facilities)

ASHRAE Standard 202 (Commissioning Process for Buildings and Systems)

ASHRAE Guideline 0 (Commissioning Process)

Consideration of Next Generation Refrigerants Addressing GWP and ODP

Conceptual/Schematic Phase General Notes:

The R-EC Design Engineer Shall Provide System Flow Diagrams with Each R-EC System along with ATC

Sequences of Operation Revisions as well as Bill of Materials, Refrigerant Operation, Maintenance Policy and

Procedures, Refrigerant Inventory, and Safe Disposal of Existing Refrigerants By Code

The Facility Manager Shall Have the O&M Technicians Trained to Accommodate P&P Changes as They Work

in IPD with the R-EC Firm

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

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

Integrated Project Delivery (IPD)

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

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

Owner Team:
Hospital President

Building Program Committee

Owner Representative (consultant)

Project Manager of Capital Projects

Facility Manager (in-house staff)

Project Delivery Team:
D-B Project Manager

CM Project Manager

Equipment Manufacturer Technician

R-EC (Refrigerant-Engineer Contractor) Company IPD Project Manager

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

R-EC Project Team:
R-EC Supervisor

Refrigerant Technician (in-house),

R-EC Commissioning Consultant (CxC)

R-EC Energy Engineering Consultant (EEC)

Infection Control Consultant (IC)

Systems 2018 ASHRAE Handbook
Halocarbon Refrigeration Systems, Chapter 1

Air-Handling and Distribution, Chapter 4

In-Room Terminal Systems, Chapter 5

Refrigeration Containment, Recovery, Recycle, and Reclamation, Chapter 9

Project Type:
New Construction

Infrastructure Improvements

Energy Audit and Retro�t

Facility Audit and Capital Project Master Planning

References:
2017 ASHRAE Handbook – Fundamentals

2018 ASHRAE Handbook – Refrigeration

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

ASHRAE Standard 170 (Ventilation of Healthcare Facilities)

ASHRAE Standard 202 (Commissioning Process for Buildings and Systems)

ASHRAE Guideline 0 (Commissioning Process)

DESIGN INTENT DOCUMENT (DID)

R-EC Design Intent:
The R-EC System Selection and Design Intent Is Based on the Process Discussed in ASHRAE Handbook 2018

Chapters 1-9 and Includes the Following:

Owner Building Program Goals and Additional Goals

System Constraints and Constructability Constraints

Air Filter Minimum Ef�ciency Reporting Value (MERV) Rating

Program & Project Goals:

Functional Goals

Budget Goals: First Cost, Operating Cost, and Life Cycle Cost

Timeline Goals: Phased Refrigeration Replacement and Required New Equipment Throughout the Hospital’s

Refrigerant Management

Outsource Refrigeration Technicians, Service Contract, and Refrigerant Manufacturer Contract

Other Goals: Environmental and Net-Zero Energy

Existing Conditions:

Central Air Systems

General and Toilet Exhaust

Air Conditioning System(s):

Chiller-Chilled Water Equipment and Packaged DX Systems

Outdoor Air Ventilation System(s):

Minimum Air-Side Economizer and 100% Outside Air Systems

Air Filters Based on Area Served

Supply Air Fans:

Add Variable Frequency Drive (VFD) to Reengineered Existing Central Air Systems with Filter Differential

Pressure Drop Control Set Points

DESIGN CRITERIA DOCUMENT
The R-EC Design Criteria Shall Be in Sync with:

Project Delivery Method

Owner’s Project Requirements

New Refrigerant Management P&P Manual

The Design Criteria Shall Be Based on:

Analytical Analysis of Existing Refrigeration Conditions

ASHRAE Standard 170 (Ventilation of Health Care Facilities)

ASHRAE Standard 202 (Commissioning Process for Buildings and Systems)

ASHRAE Guideline 0 (Commissioning Process)

Consideration of Next Generation Refrigerants Addressing GWP and ODP

Conceptual/Schematic Phase General Notes:

The R-EC Design Engineer Shall Provide System Flow Diagrams with Each R-EC System along with ATC

Sequences of Operation Revisions as well as Bill of Materials, Refrigerant Operation, and Maintenance Policy

and Procedures, Refrigerant Inventory, and Safe Disposal of Existing Refrigerants By Code.

The Facility Manager Shall Have the O&M Technicians Trained to Accommodate P&P Changes as They Work

in IPD with the R-EC Firm
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Case In Point

Philadelphia Mixed-Use Tower
Leverages Geniox+ to Improve

Efficiency, Save Space, and
Ease Labor

SCROLL

The two gleaming towers that make up the Riverwalk mixed-use community along the Schuykill River in Philadelphia’s

Center City ooze luxury with gleaming glass facades, rooftop terraces, a pilates studio, in�nity pool, outdoor �eld house,

and many more amenities.

Designed by Gensler, the two buildings are cohesive but also are intentionally unique. The 28-story tower houses most

of the amenities and 72,000 square feet of retail space, along with 331 apartment units. The adjacent 32-story tower

includes 380 apartment units and a small retail area.

What residents and visitors don’t see within is an innovative new fresh air system that is versatile and easy to install

while saving space.

FIGURE 1: To supply fresh air for the �rst 12 �oors, the �rst tower of Riverwalk features a fully integrated Geniox+ air
handler with a VRF coil, energy recovery wheel, and electronic expansion valve (EEV) kit from Samsung.  All images
courtesy of Systemair.

Rather than using a more cumbersome fresh-air system made up of separate �eld-installed variable refrigerant �ow

(VRF) and energy recovery ventilator (ERV) units connected by ductwork, engineer Rob Lowry, executive sales leader,

Pennergy Solutions, opted for what would become a more labor- and energy-ef�cient approach using Geniox+ air

handlers. To supply fresh air for the �rst 12 �oors, the �rst tower of Riverwalk features a fully integrated Geniox+ air

handler with a VRF coil, energy recovery wheel, and electronic expansion valve (EEV) kit from Samsung. The Geniox+

unit connects to a separate compressor and condenser coil.

FIGURE 2: The Geniox+ unit connects to a separate compressor and condenser coil.

The resulting system consolidated two units into one, freeing up space and reducing maintenance needs. In fact, by

integrating the components into single air handlers, the units �t into a con�ned area in the third-�oor mechanical room.

Because Riverwalk is one of the �rst applications to use this technology, Lowry worked closely with the design team of

Matthew Nealon of Mechanical Advantage and Derek Fink of Advanced Engineering, Dan Falasca III of Falasca

Mechanical, and manufacturer Systemair to design the system. They visited Systemair’s manufacturing facility in

Canada to undergo in-depth training and product testing of the �nal product.

Along with its other bene�ts, having the ERV and VRF systems factory installed in one unit provides for nearly plug-

and-play installation on the job site. In addition, each Geniox+ unit requires connecting just two sets of pipes to connect,

easing the labor burden.

FIGURE 3: Having the ERV and VRF systems factory installed in one unit
provides for nearly plug-and-play installation on the job site.

Geniox+ is designed to accommodate a range of third-party components in one system, including controllers. Lowry

speci�ed a universal control kit from Samsung. Instead of a compressor with a single speed, it allows for multiple speeds

for increased energy ef�ciency and the use of refrigerant with the heating and cooling coil rather than water that would

require a boiler and hot water pipes while still meeting the design intent. 

“Geniox+ allowed us to take a complex system requiring complicated �eld setup and design a factory-built system in its

place,” said Lowry. “The result is simpler, streamlined installation. This was our second project incorporating Geniox+,

and we’re applying everything we’ve learned to future applications.”
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Commissioning

Standard Control Sequences of
Operation

Beyond the bene�t to capital project budgets, standard sequences of
operation could be the key to streamlining an ongoing commissioning

program.

SCROLL

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

ASHRAE Guideline 36-2021, “High-Performance Sequences of Operation for HVAC Systems,” made a splash in the

HVAC design and operations world this year. It is ASHRAE’s �rst pass at de�ning the “best” way to control some typical

air-handling systems to meet performance requirements as ef�ciently as possible. This column is not about ASHRAE

Guideline 36 speci�cally but about the value of standard sequences of operation in general.

For any building owner/operator with multiple buildings, the investment in developing and the effort in enforcing

standard sequences of operation for “like” systems should result in ongoing cost savings over the life of the existing

buildings and any future new buildings.

A set of customized standard sequences of operation should re�ect the types of systems installed in the owner’s

buildings; the local climate; the owner’s performance requirements for those systems; the owner’s level of commitment

to energy conservation; and the owner’s capacity for operating, monitoring, and maintaining the equipment and

controls hardware required to implement the sequences.

The standard control sequences documentation should include system schematic �ow diagrams and points lists in

addition to the written sequences of operation. Logic �ow charts can also be helpful for communicating operational

intent for complex strategies.

Once the owner/operator has a controls standard, it can be shared with every design engineer and/or controls

contractor before they start working in buildings (new or existing) covered by the standard. It should be expected that

the standard sequences will be implemented on every project unless the design engineer and/or controls contractor

asks for a variance and has a documented discussion with the owner regarding why. If the owner agrees to implement a

different strategy for any reason, the alternate strategy should be documented in writing with the owner’s approval and

signature.

"For any building owner/operator with multiple buildings,
the investment in developing and the effort in enforcing

standard sequences of operation for 'like' systems should
result in ongoing cost savings over the life of the existing

buildings and any future new buildings."

The bene�ts to this process will multiply over time, starting with the design engineers and controls contractors who do

not need to work so hard on their control sequencing and documentation responsibilities. This should either result in

higher pro�ts for them or lower costs passed through to the owner.

Along with standard control sequences is the opportunity to develop standard functional performance test procedures

for commissioning, i.e., one standard test procedure for each standard sequence. This should lower the cost of

commissioning by reducing the commissioning professional’s design review; submittal review; test planning time; and,

presumably, by improving the success rate of �rst time testing from project to project. The latter is especially true for

large campus settings, where a relatively small set of designers, commissioning professionals, and controls contractors

work on a continuous stream of projects.

Beyond the bene�t to capital project budgets, standard sequences of operation could be the key to streamlining an

ongoing commissioning program. Customizing performance baseline trends for each system in an owner’s portfolio

and/or programming fault detection diagnostic algorithms will be simpler, less expensive, and more reliable the more

those systems are standardized. Regardless of how a building owner de�nes ongoing commissioning, the cost of

developing and implementing the program with standardized sequences of operation should be a small to medium

fraction of the cost of customizing the process for multiple unique systems and their one-off control sequences.

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

Put Your Office Air to Work
In the US, for every dollar spent on health care bene�ts, another 61 cents is

spent on illness-related absences and reduced work output.

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

SCROLL

Last month, I explored the academic and �nancial bene�ts of improving IAQ in K–12 schools. Let’s now look at the

pro�tability of supporting the health of employees in commercial real estate buildings. 

Commercial building owners strive to maximize pro�ts from their real estate investments by attracting long-term

tenants with successful businesses. Beautiful exterior facades; elegant interior designs; convenient parking facilities;

and amenities, such as �tness centers, will appeal to business owners who want to retain employees and attract

customers. When combined with energy-conserving mechanical systems and a low-maintenance building

infrastructure, the commercial real estate business can be extremely pro�table. This cost-bene�t model works

beautifully until the tenant closes its doors because of �nancial hardship. 

Over the last 18 months, businesses that depend on customers or on-site employees have suffered during COVID-19

shutdowns and strict occupancy limits, too often resulting in business closures and non-renewed leases. Another more

insidious erosion of business pro�ts, one that preceded the pandemic and will continue unless explicitly addressed, is

loss of employee productivity from illness-related absenteeism and presenteeism (coming to work while sick).

Table 1: How common illnesses impact a business’ bottom line.  

Employee salaries and bene�ts account for approximately 90% of a business’s operating costs; therefore, even small

changes in staff productivity can have a large impact. Putting actual numbers to the costs of employee absenteeism and

presenteeism from common respiratory illnesses and, conversely, the value of healthy and productive employees is

startling.

Table 1 shows how employees sick with the �u, common cold, or sinusitis can affect the bottom line of a business and

the savings from a 10% reductions in these illnesses. 

On a national scale, the total cost of presenteeism in the U.S. in 2015 was calculated to be more than $150 billion per

year, with the �u alone causing $10 billion in lost productivity. 

Sick employees who persist in coming to work are less productive, take longer to recover, and, depending on the cause

of their illnesses, run the risk of transmitting the infectious viruses or bacteria to their coworkers. In the U.S., for every

dollar spent on health care bene�ts, another 61 cents is spent on illness-related absences and reduced work output.

There Is Hope
While these numbers are staggering, there are clear actions building and business owners can take to reduce the

�nancial burden of respiratory infections. The viruses and bacteria responsible for these illnesses are usually spread

through the air in droplets, a transmission route that can be signi�cantly decreased by proper management of indoor

environments. In fact, a large database shows productivity improvements of 8%-11% can be achieved with improved

IAQ; revealing one more setting where building professionals are key to protecting public health and promoting a

robust economy. 

Managing the indoor environment to support the health of building users is clearly pro�table for business owners and

their employees.

References:
1. https://www.cdc.gov/features/rhinoviruses/index.html

2. https://www.statista.com/statistics/247780/percentage-of-us-respondents-sick-with-a-cold-or-a-�u-2008-2012/

3. Graham Worrall, MB BS MSc FCFP. 2011. Acute sinusitis. Can Fam Physician. May; 57(5): 565–567.

4. Harvard Health Publishing, Sinus infections, March 2016.

5. https://www.cdc.gov/�u/takingcare.html.

6. Molinari NA, Ortega-Sanchez IR, Messonnier ML, Thompson WW, Wortley PM, Weintraub E, Bridges CB. The

annual impact of seasonal in�uenza in the US: measuring disease burden and costs. Vaccine. 2007;25(27):5086–

96.

7. Palmer LA, Rousculp MD, Johnston SS, Mahadevia PJ, Nichol KL. Vaccine. 2010 Effect of in�uenza-like illness and

other wintertime respiratory illnesses on worker productivity: The child and household in�uenza-illness and

employee function (CHIEF) study. Jul 12;28(31).

8. Kelly A. Reynolds, Paloma I. Beamer, Kevin R. Plotkin, Laura Y. Sifuentes , David W. Koenig, and Charles P. Gerba,

The Healthy Workplace Project: Reduced Viral Exposure in an Of�ce Setting. Arch Environ Occup Health. 2016

May 3; 71(3): 157–162.

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

Performing a Basic Risk
Analysis

Ask questions regarding the threats to a building and the
consequences of adverse events.

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

SCROLL

Last month, my column discussed the need for risk analysis and pointed to a few guidance documents that are available

and applicable. This month, I will dig a little deeper into some of the details of how one might go about doing a basic risk

analysis. 

In order to get into the practicalities, I’ll discuss the methodology used in the ASCE Manuals and Reports on

Engineering Practice No. 128, “Building Security Rating System.” The Manual of Practice (MOP) is intended to allow for

determination of the overall security of a building and, maybe more importantly, to ensure the security measures put

into place are appropriate given the risks and consequences of an adverse security event. Although this document is

used to evaluate security measures, the overall methodology illustrates the thought process that must be followed

when designing for increased resilience for all hazards.

The MOP is divided into three sections: (1) building classi�cation, (2) security countermeasures, and (3) building

security rating. I will be concentrating on the building classi�cation procedure this month, since it is a direct expression

of risk. The concept of dividing buildings into different classi�cations is a natural one, since the design decisions to be

made can vary greatly depending on the building. It makes no sense to design the same security measures into two

different building classi�cations, such as a suburban apartment building or federal courthouse in the downtown area of

a major city. Likewise, when designing for enhanced resilience, the type of building and its intended use during and after

an event will dictate which design decisions are appropriate.

Determining the building classi�cation in the MOP is based on two primary parameters: threat (hazards) and

consequences (impact). Taken together, these parameters form a basic risk analysis since they are exactly what you

consider — what should I be worried about and what happens to the building if it occurs? In order to determine the

threat and consequences, the user answers a series of questions for each parameter, and the questions are further

divided into basic and secondary parameters. For instance, parameters such as building occupancy category and history

of hazards/threats are commonly considered as basic parameters of the threat. For the consequence, the basic

parameters include the local economic signi�cance and if the building is tied into the infrastructure or transportation

network. Each of these parameters has a group weight that is further modi�ed by the answer to the question, leading to

a total weight for each parameter. Secondary parameters, which affect the need for security but are less important, also

have group weights that are multiplied by the weights of the individual responses. Secondary parameters include items

such as whether there is a child care facility on-site, how many public visitors are received on a typical day, etc.

"Performing a risk analysis can help to inform design
decisions and ensure the needs of the owner and

community are being met, whether they are resilience,
sustainability, or security related."

Based on the primary and secondary parameters, both threat and consequence are given total weights. The precise

mathematical formula for calculating the total weight isn’t important for this discussion, but the fact that many different

factors are considered in determining both the threat to the building and the potential consequences of any event is

what I want to emphasize. While many of the parameters will likely be the same for a risk analysis for any hazard — for

example, occupancy category — the other parameters that should be considered might be quite different. The desire to

use a building to provide temporary shelter, or to serve as a distribution point for supplies, might be a primary factor in

determining what level of resilience is appropriate when designing for an earthquake or hurricane.

Once the hazard and impact total weights are determined, they are combined to arrive at a �nal risk weight. The MOP

requires a three-step process: First, the primary hazard and impact weights are combined using an SRSS method in

order to emphasize the interrelationship between the two categories when determining risk. Then, the secondary

hazard and impact weights are combined in a similar manner. Finally, the primary and secondary weights are combined

for a total risk score, which determines the building classi�cation.

Other formulas could easily be chosen for determining risk, and, for many situations, there may be no need to develop

any kind of mathematical score. Additional factors that may be considered are potential changes in occupancy or

building use. How much these potential changes should factor into the risk analysis is very case-speci�c and may be

dictated by the owner or jurisdiction. However, the point remains that, by asking pertinent questions regarding the

threats to buildings and the potential consequences, it is possible to perform a relatively simple risk analysis to help

with decisions regarding the appropriate design parameters.

In summary, performing a risk analysis can help to inform design decisions and ensure the needs of the owner and

community are being met, whether they are resilience, sustainability, or security related. The example risk analysis

methodology discussed in this column emphasizes the need to ask questions regarding the threats to a building and the

consequences of adverse events, be they natural hazards, climate change related, or security concerns.

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

A Day in the Life of a DDC
Application Engineer

By Matthew Foley, P.E.

SCROLL

DDC application engineers have a brave new world of topics to explore and familiarize
themselves with as they intuit what owners really need and deliver designs for the solution.

In my last column, I centered on “A Day in the Life of a DDC Startup Technician.” Continuing on that theme, I’m going to

be talking about the same sorts of topics for a DDC application engineer this month. I have some experience in this role,

but there are de�nitely folks I work with who have done it better and for longer. The background here is still in the

context of medium to large contractors that provide building automation systems. At this level, a teams-based approach

is applied, and an engineering team handles the �rst portions of projects after sales, verifying the scope of work,

choosing appropriate products to use, creating constructible shop drawings, and, in some cases, handling procurement.

Speaking with a few of the DDC application engineers I work with, some of the most challenging aspects of the job

come down to change management. Those who do this job should be well-organized and have a repeatable and

systematic approach to their work, doing a favor for their future selves.

A colleague shared a story where a project was in the late phases of work and being started up, and a question came up

about what appeared to be missing �ow switches in a heating hot water system. These were not straightforward pieces

of instrumentation to the retro�t. The mechanical design drawing package showed the �ow switches, but our shop

drawings did not, so answers were needed quickly. As it turned out, over a year prior, a request for information (RFI)

response had approved removing these switches from our bill of materials because the mechanical contractor’s

submittals included redundant devices in the factory package for the boilers themselves.

Rewarding aspects of the job, much like other areas of the engineering profession, are: detailed knowledge and

problem-solving. My colleagues speak about the experience of doing takeoffs for a brand-new set of construction

drawings. They feel like they’re getting insider knowledge of the building’s inner workings and moving parts well before

any of it exists. They form working models in their minds of how the building will respond to changes in load as the sun

moves across the sky and people come and go. They can imagine the streams of air, water, and data coursing through

the building’s interstitial spaces and serving the needs of the occupants.

My colleagues also take pride in the work they do with shop drawings. A measure of a good shop drawing package is to

what degree an installer, startup technician, or programmer can use it to get familiar with what a project requires

without any other introduction. When using subcontractors for installation work, this is even more important. One

element of shop drawings that often pays off for special attention is hydronic system layouts. While ductwork on

mechanical drawings is relatively easy to trace out and represent in shop drawings, piping can be more nuanced. There

are usually more �xtures, turns, and paths to consider. It’s a valuable task to condense that detail into one or two sheets

of schematic layout your team can use in the �eld to make the system work properly.

There’s a belief held by some that the DDC application engineer has a desk job. In my experience, there is a substantial

portion of time planning and designing using software tools while sitting down, but there is often an aspect of spending

some time in the �eld, especially if the company does “retro�t” work, upgrading or adding a building automation system

to an existing building. Determining things like replacement hardware for valves and actuators and determining system

layouts for air-handling and hydronic systems requires �eld surveys. One of my colleagues shared a story about a time

he was adding controls to an existing historical chapel on a private university campus, and the building included an

underground crypt. As part of the survey, he had to go through the crypt, which was a harrowing experience!

Image courtesy of [Chaay_Tee]/[Collection iStock / Getty Images Plus] via Getty Images.

Since a building automation system’s key features include dynamic adjustment to a building’s requirements, there are

edge cases of operation that can hardly be planned for. As they become aware of them, the DDC application engineer

can learn from them and apply the learnings to the next job. I did have the pleasure of sharing with my colleague a

recent edge case that had him stumped as to how to plan for. The project required monitoring of a supply air detector’s

auxiliary contact on a 100% outside air unit. During commissioning efforts, the chilled water valve for the unit was

indexed to 0%, 50%, and 100% open while the unit was running. This was on a hot summer day in North Carolina, and

the sudden burst of moisture was introduced when the chilled water valve was closed, which tripped the supply air duct

detector. When the smoke detector tripped, the unit shut off, and it took some methodical adjustment to get enough air

movement around the duct detector to clear the alarm condition. For some background on this, the chilled water valve

actuator was wired to go to 100% open on a loss of power, and the unit is designed to run 24/7. So, this particular

condition is hardly one to plan for.

For career growth, it’s important to keep doing things you’ve never done before, and my colleagues shared some stories

about this. Demand control ventilation (DCV) is a somewhat nuanced control strategy that deals with tuning the

amount of outdoor air intake based on the carbon dioxide sensed in a space that has highly variable occupancy. Classic

examples of this are conference rooms, classrooms, and auditoriums. The typical “levers to pull” are things like dampers

on an outdoor air intake, fan speeds, and others. However, my colleague once had the challenge of designing a control

strategy for an indoor basketball stadium for a major Division I NCAA team. Instead of designing a control strategy that

turns up and down for tens or a couple of hundred people, this system had to turn up and down for thousands. In the

end, his control strategy involved accomplishing turn up and turn down with redundant air-handling equipment that

rotated for runtime equalization to keep all in good working order.

With the advent of more advanced sequences of operation, such as those introduced in ASHRAE GPC 36, the

requirement for sensors and dynamically adjusting systems just grows and grows. Add to the mix a newfound focus on

IAQ available with new and old air-puri�cation techniques and increased ventilation standards. And, then, on yet

another front, we are seeing the cross-pollination of IoT best practices, machine learning, arti�cial intelligence, and an

enhanced occupant experience. To keep up, a DDC application engineer has a brave new world of topics to explore and

become familiarized with, as they intuit what an owner really needs and delivers a design for the solution.

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

Charging Forward — But
Which Way Do We Go?

The greatest impact HVAC systems have on global warming and greenhouse gas
emissions is from energy consumption, not the refrigerant �uid in the system.

By Chuck Dale-Derks, P.E.

Image by Pixabay

On Sept. 26, 2016, the U.S. Environmental Protection Agency (EPA) announced that, under its Signi�cant New

Alternatives Policy (SNAP) program Rule 21, speci�c refrigerants, including R-134a and R-410A, can no longer be used

in new chillers, effective Jan. 1, 2024. This is not to be confused with our other government use of the SNAP acronym

(Supplemental Nutrition Assistance Program), but I digress.

Then, in 2017, Mexichem Fluor Inc. v. EPA complicated these rules and how their hydro�uorocarbon (HFC) bans apply

by �ling suit.

On April 5, 2019, the Washington, D.C., Circuit Court struck down regulations restricting the use of HFCs in certain

products under SNAP. The court held that it was bound by its prior decision regarding SNAP Rule 20 (Mexichem I) in

the case before it concerning SNAP Rule 21 (Mexichem II) based on the legal doctrine of issue preclusion (see

Mexichem Fluor Inc. v. EPA, No. 17-1024 [D.C. Cir. Apr. 5, 2019]). So, there was an apparent reprieve for a time. 

Following this, in December 2020, the American Innovation and Manufacturing (AIM) Act of 2020 was enacted, which

gives the U.S. EPA new authorities to address HFCs. The AIM Act, which was signed into law on Dec. 27, 2020, directs

the EPA to establish production and consumption phasedown limits that are consistent with the Kigali amendment.

Unfortunately, the SNAP website provides no clari�cation nor footnote to these rules, their enforcement, or validity.

They have simply moved forward with issuing Rule 23 as a �nal rule.

As you may already know, amid the above series of events from the past few years regarding SNAP Rules 20 and 21,

numerous states — many a part of the U.S. Climate Alliance — adopted the HFC bans into their own state regulations,

including California, Colorado, Connecticut, Maryland, New Jersey, New York, Vermont, Virginia, and Washington.

California even one-ups the SNAP Rule 21 deadline by imposing a restriction deadline of Jan. 1, 2022, on some

refrigerants. On Dec. 10, 2020, California became the �rst state in the nation to adopt regulations that phasedown the

use of HFC refrigerants in commercial and industrial stationary refrigeration units, such as those used by large grocery

stores as well as commercial and residential air conditioning equipment. The brilliance of the California Air Resources

Board (CARB), which approved the new rules, determined they were necessary to meet the state’s mandate to reduce

HFC emissions 40% below 2013 levels by 2030. Similar thinking is seen in their voter approval of California Prop 12,

the Farm Animal Con�nement Initiative, such that they may soon be without any meals with bacon, but, again, I digress.

Under these new rules, starting in 2022, there is a 150-GWP limit for new or fully remodeled facilities that utilize

commercial refrigeration equipment containing more than 50 pounds of refrigerant; there are varying requirements for

existing facilities. The 750-GWP limit for many types of air conditioning equipment was pushed back to 2025, while

variable refrigerant �ow (VRF) system manufacturers have until 2026 to comply with the new limit.

European Regulation (EC) No. 517/2014 limits Di�uoromethane R-32 in systems with a load of 3 kg (6.61 pounds) as

of Jan. 1, 2025.

The International Code Council (ICC) has launched its “Code on a Mission” challenge, which aims to have more than

one-third of the U.S. population update their building energy codes to meet or exceed the requirements of the 2021

International Energy Conservation Code by the end of 2023. In the meantime, The ICC is currently accepting code

change proposals for the development of its 2024 International Energy Conservation Code (IECC) and Chapter 11 of

the International Residential Code (IRC).

Since Missouri is one state in the nation that hasn’t adopted a statewide building code, it is left up to municipalities to

adopt some version. The state’s reasoning in this approach is that the municipalities are responsible for enforcement of

the codes, so they should choose which codes they adopt. Building code update cycles occur every three years and

adoption typically takes six years or more. The goal of reducing this lag to less than two years may be a challenge, but

the hope is to help the planet. Some municipalities enforce the 2009 codes, and a few rural areas have no enforcement

at all. Many of the St. Louis area municipalities have adopted the 2015 International Codes, and a few have adopted the

2018 codes. The 2015 IECC references ASHRAE Standard 90.1-2013, while the 2021 IECC references ASHRAE

90.1-2019.

In a Climate Zone 4A area, a building installing a 200-ton air-cooled chiller would need an EER rating integrated part

load value (IPLV) of >14.000 Btu/Wh by Standard 90.1-2013 with installation after Jan. 1, 2015, (up from >12.750

Btu/Wh for installations after Jan. 1, 2010) but requires an EER rating IPLV of >14.000 Btu/Wh for design energy cost

method or >16.1 Btu/Wh for an energy cost budget method. This is a 15% increase in operating ef�ciency.

I still have a special liking to R-123, which is a hydrochloro�uorocarbon (HCFC), ASHRAE Class B1, and was a

replacement for the chloro�uorocarbon (CFC) R-11. A now restricted refrigerant (no new equipment can use R-123), it

is always nice to walk into a mechanical room where you hear the sound of the hydronic pumps but not the chiller

because of the low pressure or vacuum operation of this refrigerant. New high-pressure refrigerants may have

screaming screw chillers to achieve the high lift requirements to develop the needed cooling. The medium- and high-

pressure chillers have a greater propensity for refrigerant leaks or discharges to atmosphere.

FIGURE 1: An R-123 water-cooled centrifugal chiller.
Images courtesy of McClure Engineering

There are those around the world who have accused the U.S. industry of being too cautious and slow in this refrigerant

transition, but it is necessary to take the safe use of these refrigerants seriously and to make sure domestic equipment

manufacturers and industry technicians have the time and knowledge to test and adjust to the new requirements.

Selections for new refrigerants are still settling in the market. A recent inquiry with one vendor found that they are not

yet offering the replacement refrigerants in the U.S. market, even though they are delivering new machines overseas.

A recent selection with another vendor for an air-cooled chiller application found the new air-cooled chiller would use a

hydro�uoroole�n (HFO) R-513A — an azeotropic blend of HFO-1234yf and R-134a and an A1 refrigerant — to

replace the previous option with R-134a refrigerant. The new selection showed a 6% improvement in operating

ef�ciency and just meets the ASHRAE Standard 90.1 ef�ciency requirements while being developed under the 2016

standard requirements. A review of recommended maintenance and service inspections found there is little or no

difference in the recommended service.

This may not always be the case with the new refrigerants. R-410A alternatives present the greatest challenge to the

HVAC industry, given the fact that many of the new low-GWP refrigerant replacements, such as R-454B, R-32, and R-

290 (propane), are �ammable A2L- or A3-rated refrigerants. The new refrigerants may be safer than R-410A, as they

may have the potential to create less hydrogen �uoride gas when burned — not that anyone is burning their refrigerant

at $12.80 per pound! Initial studies indicate that new equipment designed with R-32 or R-454B may have ef�ciency

gains and that the charge quantity may be reduced as well. An 8-ounce can of R-290 (propane and refrigerant formerly

known as -22A) is the equivalent of one 12-ounce can of R-22. R-290 operates at lower head pressures and offers

colder air and improved performance compared to R-22.

R-1234ze(E) is an alternative for R-134a in ultralow-GWP (<10) applications but requires compressor and chiller

design changes to obtain the same capacity.

R-1233zd(E), which is a low-pressure �uid that is similar in performance to R-11, has the advantage of slightly higher

pressures, so customers will end up with American Society of Mechanical Engineers (ASME)-designed and constructed

pressure vessels and an A1 refrigerant. This might be the preferred alternative for low-pressure centrifugal chillers.

R-514A is a low-pressure refrigerant that offers similar ef�ciency and lower capacity when compared to R-123;

however, it is a higher-toxicity (B1) refrigerant.

The greatest impact HVAC systems have on global warming and greenhouse gas emissions is from energy consumption,

not from the refrigerant �uid in the system. Some new refrigerants may be better for the environment but not all. Some

new refrigerants may be more ef�cient but not all. New chillers and unitary air conditioners may have a higher �rst cost

for equipment, the lubricant, and the refrigerant.

FIGURE 2: A heat recovery chiller installed in 2007 saves approximately $1,500 per day.

The A2L refrigerants require a factory set and sealed sensor with no �eld adjustment permitted to monitor leak

detection and activate at the 25% lower �ammability limit for household and similar electrical appliances to meet

UL/CSA 60335-2-40. These sensors must also respond in less than 30 seconds.

R-717 ammonia (NH3) and R-744 carbon dioxide (CO2) are other available options, but they are not often pursued.

Ammonia is toxic and corrosive, and when mixed with air in the 16%-25% range, it can cause a large explosion. Carbon

dioxide, because of its high pressure (about 640 psig at 50°F and 1,030 psig at 86°F), is heavier than air asphyxiant and

has potential for freeze burns and the formation of dry ice.

FIGURE 3:  An R-717 ammonia chiller.

SNAP Rule 23, published in the Federal Register on May 6, 2021, is listed as a �nal rule; however, it reads more like a

discussion with a lack of clarity and straightforward direction. Its language reads of he-said-she-said-style commentary,

and, in some cases, it appears that the EPA or Environmental Investigation Agency (EIA) just ended the discussion.

The EIA notes that a proposal to modify UL 60335–2–89 is being considered. The proposal would allow up to 500

grams of R–290 (propane) or 13 times the lower �ammability limit (LFL) of other A3 refrigerants, such as R–600a

(Isobutane).1

Equipment must have distinguishing red (Pantone® Matching System [PMS] #185 or RAL 3020) color-coded hoses

and piping to indicate use of a �ammable refrigerant. The air conditioning equipment shall have marked service ports,

pipes, hoses, and other devices through which the equipment’s refrigerant circuit is serviced. Markings shall extend at

least 1 inch (25 mm) and shall be replaced if removed.1 (I am not clear if this requirement applies to only A3

refrigerants or if it also applies to A2L refrigerant systems.)

The EPA previously listed R-32 as an acceptable refrigerant for some types of residential and light commercial air

conditioning and heat pump end-use categories, speci�cally self-contained room air conditioners, such as window units,

packaged terminal air conditioners (PTACs), packaged terminal heat pumps (PTHPs), portable room A/C units, and wall-

mounted A/C units (80 FR 19454, April 10, 2015). As noted in the 2020 Notice of Proposed Rulemaking (NPRM), this

action adds a listing for this substitute to include rooftop units, ground-source heat pumps (GSHPs), water-source heat

pumps (WSHPs) — which are typically self-contained but not sized for a single room — and various types of split

systems.1

When selecting equipment, one must know the system of units (SI) because capacity is often only listed in kW instead of

the IP Btu/Wh or tons of cooling. This is because other countries, mainly in Europe, pushed ahead with refrigerant

restrictions faster than manufacturers could come up with acceptable replacements and new equipment. Some

refrigerant blends may have a signi�cant glide (the refrigerant changes state over a range of temperatures), which may

limit their use in split systems or at least limit the length of allowable tubing between the condensing unit and the

evaporating coil.

Care in maintenance and cleaning will be another consideration and understanding. The direct, free-cooling option

circuit for one air-cooled chiller consists of copper; carbon steel; cast iron; zinc; EPDM rubber; brass; and aluminum

AA3102, AA3003, and AA4045, in addition to other materials that may be in the building loop connected to the chiller.

The inhibited glycol solution should be selected at desired concentrations to ensure adequate inhibitor content. Glycol

�uid should be free from foreign solid particles.

Microchannel condenser coils have speci�c restrictions when cleaning. Sprayer nozzle pressure should not exceed 580

psi, and the maximum source angle should not exceed 25 degrees to the face of the coil. A 15-degree fan spray pattern

nozzle should be used and held 1-3 inches off the face of the microchannel coil. The coils are delicate and deep

compared to old �nned-tube coils. Microchannel coils are not easily repaired. Where we were once reluctant to specify

enhanced coils or tubes in fear of capacity loss due to fouling, we are now coming up with many ways to enhance

performance to improve ef�ciency and meet the latest ef�ciency targets.

Recommended maintenance from one air-cooled chiller manufacturer: Perform all maintenance procedures and

inspections at the recommended intervals.

Weekly

Check pressure for evaporator, condenser, and intermediate oil;

Observe liquid line sight glass on the electronic expansion valve (EXV). If the liquid line sight glass has bubbles,

measure the subcooling entering the EXV. Subcooling should always be greater than 10°F;

Inspect the entire system for unusual operation;

Inspect the condenser coils for dirt and debris. Clean if the coils are dirty; and

Ensure the exterior of the panel enclosures (including remote variable frequency drive [VFD], if installed) are clear

of any dust or debris.

Monthly

Perform all weekly maintenance procedures;

Record the system subcooling;

Record the system superheat; and

Make any repairs necessary.

Annually

Perform all weekly and monthly procedures;

Check the oil level while the unit is off. (This requires 40 minutes of run time with the load at or near full load. Then,

shut off the system and wait 30 minutes to observe the level (wait four hours if adjusting oil) In total, this is a �ve-

hour effort;

Routine changing of the oil is not required;

Make an oil analysis to determine the condition of the oil. Have a quali�ed laboratory perform a compressor oil

analysis to determine system moisture content and acid level;

Contact a quali�ed service organization to leak-test the chiller, check operating and safety controls, and inspect the

electrical components for de�ciencies;

Clean and repaint any areas that show signs of corrosion;

Clean the condenser coils, at minimum, once each year — more if the unit is located in a “dirty” or corrosive

environment. Sprayer nozzle pressure should not exceed 580 psi;

Clean the air �lters in the bottom inlet hoods that extend from the back of the electrical panel. Consider installing a

potassium permanganate (KMnO4) or activated carbon bag in the control cabinet and changing it annually to

prevent corrosives in the control cabinet;

Check and tighten all electrical connections, as necessary; and

Clean propylene glycol water strainers – If differential pressure reaches 5-10 psi, the screen must be cleaned. A

recent selection had a chiller pressure drop of 23.3 feet head design (10.1 psi).

FIGURE 4:  A clean water-cooled chiller plant.

From a June article in Joule magazine, titled, “U.S. building energy ef�ciency and �exibility as an electric grid resource,” it

was said: “Co-deployment of building ef�ciency and �exibility yields the largest load impacts. Up to 800 terawatt-hours

(TWh) generation and 208-GW daily net peak demand could be avoided. Preconditioning and plug load management

are among the most impactful measures.

"Across regions in 2050, full electri�cation of U.S. building loads at a baseline ef�ciency level adds 1,081 TWh to annual

electricity use and 231 GW and 64 GW to daily net winter and summer peak demand, respectively, of which 337 TWh

(31%), 101 GW (44%), and 29 GW (45%) is avoided by co-deployment of best available ef�ciency and �exibility,” the

article continues.

“The so-called demand-side of electricity is electricity that is used in homes and workplaces, such as for air conditioning,

water heating, and powering lights and appliances. The researchers approached this electricity use from buildings as a

grid resource by increasing the ef�ciency and �exibility of buildings’ electricity use, such as by operating higher-

performing equipment and shifting the time when its usage takes place, they found this resource to be substantial,

avoiding up to 742 terawatt-hours (TWh) of annual electricity use and 181 gigawatts (GW) of daily net peak load in

2030, rising to 800 TWh and 208 GW by 2050.”2

(Total U.S. electricity consumption in 2020 was about 3,800 TWh.)

Other publications of interest and particularly valuable to your knowledgebase:

AHRI Standard 700-2019, “Speci�cation for Refrigerants,” is a good reference, but it does not include all new

refrigerants. AHRI has other valuable information and training aids.

ASHRAE Standard 15 and 34, “Safety Standard for Refrigeration Systems and Designation and Safety Classi�cation of

Refrigerants.”

The EPA’s Substitute for Centrifugal Chillers has a list of acceptable and unacceptable refrigerants for centrifugal

chillers.

The EPA’s Substitutes in Positive Displacement Chillers has a list of acceptable and unacceptable refrigerants for

positive displacement chillers.

The EPA’s Substitutes in Industrial Process Refrigeration has a list of acceptable and unacceptable refrigerants for

industrial process refrigeration. Review all options when selecting and designing chiller plants and cooling equipment.

The market is still playing out. Focus on the energy and make good choices.

Footnotes:
1. Federal Register / Vol. 86, No. 86 / Thursday, May 6, 2021 / Rules and Regulations: 40 CFR Part 82

https://www.govinfo.gov/content/pkg/FR-2021-05-06/pdf/2021-08968.pdf

2. Langevin et al., US building energy ef�ciency and �exibility as an electric grid resource, Joule (2021),

https://doi.org/10.1016/j.joule.2021.06.002 
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FEATURE

Cogeneration Systems
for Health Care

Hospitals can utilize cogeneration systems to meet their demands for power, heating,
and (sometimes) cooling loads.

By Alex Corvino

As mission critical facilities requiring near continuous operation, hospitals can utilize cogeneration systems to meet

their demands for power, heating, and (sometimes) cooling loads. This approach provides the bene�t of increased

energy reliability while reducing energy costs and greenhouse gas emissions.

Cogeneration System Overview
Cogeneration systems, also known as combined heat and power (CHP) equipment, use a single fuel source to generate

electricity and utilize the exhaust gases to offset the heating load. 

Trigeneration systems, or combined cooling, heating, and power (CCHP), use exhaust gases for both the heating and

cooling loads. For large plants, the generators can be gas- or steam-powered turbines. Smaller plants can utilize gas or

diesel reciprocating engines. The exhaust gases are passed through a heat exchanger to heat water or produce steam to

be used for facility heating. When paired with an absorption chiller, the waste heat can be used to produce chilled water

for cooling. CHP systems generally have a higher system ef�ciency than traditional systems that split power generation

and heating. Traditional systems have an overall ef�ciency of around 50% with power generation, and transmission is

typically 30%-35% ef�cient. The on-site heating system ef�ciency is around 80%, depending on the speci�c system.

CHP systems can have an overall ef�ciency around 70%-80% by generating power directly on-site, thus minimizing

transmission losses and utilizing the exhaust for heating or cooling energy. CHP systems also generally consume less

fuel than traditional generation systems, therefore reducing the greenhouse gas and air pollutant emissions as well as

being more ef�cient overall. By using cleaner fuels, such as biomass or biogas, those emissions can be further reduced.

FIGURE 1: Cogeneration system diagram. 
Image courtesy of WSP

Cogeneration Plant Design
Some key factors in the design of a CHP for health care facilities include various local and national incentives, the utility

rate structure, black start capability, and the type of generator to be used in the plant. The operation mode needs to be

understood to determine whether the plant will be designed to primarily meet either the heating load or the power load.

Part-load conditions should be considered when selecting this operation as a supplemental heating system or needing

the utility to provide any power de�cit that may be required.  

Local and national incentives include considerations, such as direct grants, special tax incentives, or low-interest loans.

The U.S. Department of Energy (DOE) has the Database of State Incentives for Renewables & Ef�ciency that compiles

state and federal incentives and policies and should be checked for applicable credits during the facility design. The

utility rate structure should be negotiated with the local service provider, as the provider could include provisions, such

as a standby rate for the facility, so the utility infrastructure can provide the full load in the event the CHP plant should

fail, interconnection agreements, the ability to sell excess power generated by the plant back to the utility, and any siting

issues or permit requirements.

Black start capability is the ability for the CHP plant to come online without relying on the utility grid. This requires

extra equipment, such as a battery pack or dedicated backup generator, and allows the facility to operate effectively

during a crisis without relying on external factors.

The type of generator will be determined by the facility’s speci�c requirements, with each generator having different

capabilities and costs. Reciprocating engines are primarily used for small-scale CHP systems having a capacity from 10

kW up to 10 MW per engine. Thermal output for reciprocating engines ranges from 2,900-6,100 Btu/kWh, with the

thermal ef�ciency decreasing with increasing power generation due to increasing electrical ef�ciency in the larger

generators. They are also useful as backup generators or for use in a black start system due to their smaller size, fast

start times, and low installed costs. Gas turbines are used for larger-scale CHP systems typically ranging from 1 MW to

300 MW. Thermal output for gas turbines ranges from 3,400-6,000 Btu/kWh, with the thermal ef�ciency increasing

with increasing power generation due to more or higher temperature exhaust that can be utilized. Steam turbines are

also used for larger-scale CHP systems ranging from 100 kW to 250 MW. They are typically selected when a large

amount of thermal energy is required where the heat output is the primary product with the electricity generated being

considered a byproduct due to their low electrical ef�ciency compared to other types of generators. Steam turbine

systems have a thermal output from 30,000-50,000 Btu/kWh and are most useful in industries or processes that

generate steam that can be fed into the CHP plant to utilize as much of the thermal capacity of the steam without

needing a boiler to burn excess fuel.

Dell Children’s Medical Center
Dell Children’s Medical Center is a 590,000-square-foot, 248-bed hospital completed in 2007. It is recognized as the

�rst hospital to be awarded LEED Platinum certi�cation. Dell Children's utilizes a CCHP system with a 4.3-MW gas-

�red turbine in an on-site utility plant built in collaboration with Austin Energy, the local municipal utility. The system

supplies all of the hospital’s electricity, steam, and chilled water requirements. The turbine’s waste heat is used in a heat

recovery steam generator to produce the steam used for facility heating, and a two-stage absorption chiller produces

the chilled water for cooling. Excess electricity is sold to Austin Energy’s grid, while excess chilled water is distributed to

nearby facilities. The system also includes an electric centrifugal chiller plant, two stand-by boilers, and a thermal

energy storage bank. The plant has performed well since it was completed, offering up to a 50% reduction in energy

costs compared to ASHRAE 90.1 guidelines. The plant has continued to perform well even with the addition of a third

bed tower, completed in 2011, that added 75,000 square feet and 72 beds. A fourth bed tower addition is being

evaluated currently and shows the capabilities a district energy plant provides for health care facilities to expand the

hospital and services without needing to add many new systems, just adding connections to the central plant.

With the CHP system meeting 100% of the facility’s electricity, heating, and cooling needs, the hospital can continue

operating uninterrupted during a power outage, allowing the hospital to function as refuge during emergencies or

natural disasters and maintaining critical life-support systems. For added reliability, the hospital is also backed up by

two connections from different substations from the local grid and a 1.5-MW backup diesel generator with black start

capabilities and supporting emergency life safety systems.

Conclusion
CHP systems offer health care facilities increased reliability and independence to continue operating in times of crises

while reducing greenhouse gas emissions and air pollution by more ef�ciently utilizing a single fuel source to meet the

facilities required electricity, heating, and cooling requirements. Utilizing a district energy plant can also help health care

facilities meet more sustainability milestones through their ef�ciency as well as allow for facility expansion without

building entirely new heating and cooling plants.
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Tracking the Evolution
of Industrial
Refrigerants

Exploring the emergence of CO2 in industrial cold storage applications.

By Lee Van Dixhorn

2For decades, ammonia (aka NH3; refrigerant name R-717) has been recognized as the preferred refrigerant in low-

temperature (LT) cold storage warehouses and light-industrial refrigeration applications. With excellent thermodynamic

properties and an original equipment manufacturer (OEM) base to support it, this highly ef�cient workhorse is still used

by most industrial facility operators. But, the tides are slowly turning in the industrial sector, and CO2 is emerging as a

green, low-risk alternative to ammonia.

Despite its global adoption in commercial refrigeration over the past decade, CO2 has yet to make signi�cant inroads in

industrial refrigeration. Its high operating pressure and unique characteristics pose equipment design and system

architectural challenges that have been dif�cult to overcome. However, the proven effectiveness of CO2 architectures

widely used within commercial refrigeration — such as CO2 transcritcal booster and cascade systems — have provided

the conceptual frameworks upon which industrial refrigeration system designers are building upon. In theory, it’s simply

a matter of scaling these systems up for industrial use.

Industrial Market Drivers
Today, efforts to increase the supply of CO2-based industrial refrigeration equipment is driven largely by new market

demands. Let’s look at some of the trends behind the renewed interest in using CO2 in industrial refrigeration.

Last-Mile Delivery Considerations: The COVID-19 pandemic has permanently changed consumer behavior,

particularly in the accelerated adoption of e-commerce in food retail applications. This has led to the emergence of

light-industrial distribution and ful�llment (D&F) facilities to shorten the distance between cold storage warehouses

and consumers. But with these facilities now located in cities or more densely populated areas, the risk of an ammonia

leak threatens to not only shut down the facility but also evacuate the surrounding area. Operators of these light-

industrial facilities are seeking a lower-risk yet green alternative.

Lowering Ammonia Charges and Designing for Safety: Toxicity concerns, combined with the U.S. Occupational Safety

and Health Administration’s (OSHA’s) safety requirements when operating systems that are charged with more than

10,000 pounds of ammonia, have prompted the industrial sector to seek refrigerant and system alternatives. This has

led to exploring all-CO2 system architectures and those that combine CO2 and ammonia to lower the ammonia charge

and move refrigeration circuits out of occupied spaces.

Global Hydro�uorocarbon (HFC) Refrigerant Phasedown: The recent passing of the American Innovation and

Manufacturing (AIM) Act has brought the global HFC phasedown — as mandated by the Kigali Amendment to the

Montreal Protocol — back into focus in the U.S. for both the commercial and industrial refrigeration sectors.

Meanwhile, the California Air Resources Board (CARB) or U.S. Climate Alliance states are pushing forward with their

own aggressive phasedown schedules. For those industrial operators who have traditionally preferred HFCs over

ammonia and are looking for a refrigerant option that circumvents future regulatory entanglements, CO2 represents a

safe, green refrigerant alternative.

Blurring of Lines Between Commercial and Industrial OEMs: Because CO2 and ammonia have historically played

predictable roles in commercial and industrial refrigeration, commercial OEMs and industrial system providers have

primarily stayed in their respective lanes. But with CO2 emerging in the industrial sector, and low-charge ammonia

systems being trialed in commercial system architectures, commercial OEMs and industrial system providers are

leveraging their experience with these refrigerants to cross into other markets. Industrial operators need to make sure

OEMs understand the increased demands of their applications and select equipment that is built to withstand an

industrial environment.

Sustainability Initiatives: Regardless of all other market and regulatory considerations, many companies today are

bound by meeting corporate sustainability objectives, which requires selecting refrigeration architectures that are both

safe and environmentally friendly. Regardless of potential installation caveats, end users seeking to leave a smaller

carbon footprint are formalizing sustainability strategies that include the following objectives:

Deploying future-proof refrigerants with low global warming potential (GWP);

Designing high-ef�ciency systems; and

Constructing green facilities.

Natural refrigerants, like CO2 and ammonia, are helping businesses to achieve these objectives.

FIGURE 1:  the dynamic regulatory landscape; rapidly changing market conditions; and the introduction of industrial-grade,
CO2-based refrigeration equipment will likely make CO2 the most viable option in certain scenarios. 

Image courtesy of Emerson

Emerging System Technologies
To help industrial cold storage operators contend with today’s market dynamics, OEMs and system providers are

developing equipment and system architectures that are designed to utilize CO2 and lower charges of ammonia. Some

of these architectures, like CO2 transcritical boosters, are based on existing system designs that are currently used in

the commercial refrigeration space. Others seek to leverage ammonia and NH3/CO2 con�gurations in new system

designs and through modi�cations of other existing refrigeration architectures. Regardless, their goals are to deliver

high-tonnage refrigeration capacity suitable for industrial applications while utilizing CO2 and/or keeping ammonia

charges low to mitigate safety concerns.

CO2 Transcritical Booster: CO2 transcritical booster systems offer an environmentally friendly, viable alternative to

long-time owners/operators of HFC-based or traditional large-charge ammonia systems. By utilizing only R-744 for

both LT and medium-temperature (MT) loads, this centralized refrigeration option allows operators to achieve

compliance with future refrigerant regulations without introducing ammonia challenges. CO2 transcritical booster

systems utilize several industrial compressors in parallel to meet the desired cooling requirement in cold storage

warehouses or process refrigeration and are especially applicable in low-temperature applications (minus 40°F and

below), like blast freezers. While the CO2 transcritical booster architecture has proven to be effective in commercial

applications — especially in cooler regions — industrial installations require very large numbers of compressors. Recent

advancements in CO2 single-screw compression technology are enabling this proven architecture to be used effectively

on an industrial scale. CO2 transcritical booster systems utilize several industrial compressors in parallel to meet the

desired cooling requirement.

NH3/CO2 Cascade: This architecture utilizes CO2 for low temperature and ammonia for high temperature and is an

excellent solution for large, low-temp loads, such as blast freezing and cold storage. It builds on the proven record of

ammonia for industrial applications — high energy ef�ciency including high ambient climates and reliable operation at

lower pressures. In many cases, it’s possible to add low-temp capacity to an existing ammonia plant using a cascade

system. For new installations, low-charge ammonia can reduce environmental concerns and utilize only CO2 in occupied

spaces. Advances in heat exchanger designs allow for higher standstill pressures and virtually eliminate the risk of CO2

leaks into the ammonia system.

Smaller Platform Applications for Ammonia: Light-industrial operators with smaller facilities have many low-charge

ammonia options to meet their cooling requirements and sustainability goals. Systems include:

NH3 low-charge distributed: This remote, distributed architecture is designed to reduce the liquid line length and

subsequent ammonia refrigerant charge. The system utilizes a compressor skid in a smaller engine room and a

liquid receiver located on the roof directly above the evaporators (liquid overfeed);

NH3 direct expansion: Available in distributed or remote varieties, this system requires the circulation of much less

refrigerant compared to the liquid overfeed method;

NH3 chiller with pumped CO2 secondary: This system is designed to utilize both NH3 and CO2, where the

ammonia is used to chill CO2 (volatile brine), which is then pumped into the refrigerated areas of a facility; and

NH3 chiller with pumped CO2 secondary plus CO2 cascade: This system combines an NH3 chiller that provides the

MT load via a CO2 secondary design plus a CO2 cascade system for the LT side.

For the most part, these smaller-platform architectures are mainly being deployed in trials to determine their

effectiveness and viability. Companies that seek a lower-charge ammonia system or want to transition away from HFCs

are actively working with OEMs to explore their options. This ongoing evolution will continue to drive OEM innovation

to develop a greater diversity of options to meet end users’ speci�c requirements.

Supporting the transition to CO2
Due to the widespread adoption of and familiarity with ammonia in large-charge industrial systems, it’s unlikely CO2

will ever completely replace ammonia as the preferred refrigerant in the industrial sector. However, the dynamic

regulatory landscape; rapidly changing market conditions; and the introduction of industrial-grade, CO2-based

refrigeration equipment will likely make CO2 the most viable option in certain scenarios.

Emerson’s Vilter™ single-screw compression technology is not only built to withstand the rigors of industrial

refrigeration, but it’s also capable of managing the high pressures of CO2 transcritical booster applications. With fewer

moving parts than reciprocating compressors and higher energy ef�ciency ratings than twin-screw compressors, a

single-screw compressor delivers longer life and higher reliability, regardless of the type of refrigerant used.

CO2 and Ammonia — Side-By-Side
CO2 and ammonia are among the most eco-friendly, natural refrigerant
alternatives available. OEMs continue to seek ways to exploit their
ef�ciencies and mitigate their risks.

Ammonia
0 GWP and 0 ozone depletion potential (ODP);

Low pressure, toxic, and slightly �ammable;

Workhorse in cold storage, industrial refrigeration;

Architectures are now evolving to utilize lower charges used, preferably removed from occupied spaces; and

Extremely ef�cient in a wide range of temperatures.

CO2

1 GWP and 0 ODP;

High-pressure, low critical temperature, and high triple point;

Nontoxic, non�ammable, very minor leak threat;

Foothold in commercial refrigeration as alternative to HFCs; and

Effectiveness in low temperatures; making inroads in industrial applications

Lee Van Dixhorn
Lee Van Dixhorn is the director of solutions development, Vilter, Emerson.
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Products In Focus

Send new product releases to
newproducts@esmagazine.com
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Prometha IoT Technology Mobile App – Cleaver-Brooks
Prometha® Connected Boiler Solutions, an IoT solution for boiler rooms that offers real-time data analytics and system

intelligence, is now available as an app on Apple and Android devices. The new app enables authorized users to

remotely view boiler system performance 24/7, and when a condition is suboptimal, they are noti�ed in real time via an

alarm or alert. Additionally, using the app, users have direct-dial access to local authorized service representatives

within the Cleaver-Brooks network for quick troubleshooting and issue resolution.

Cleaver-Brooks

http://prometha.com

Tiered Perceptiv Intelligence Offerings – Regal Beloit Corp.
Regal Beloit Corp. announced a new, easier way for users to procure its broad offering of Perceptiv sensors, software,

and services by bundling them into four tiered, easy-to-understand packages and introducing three service tiers. Now,

customers with varying degrees of asset monitoring needs will �nd it easier to match their requirements with Regal’s

Internet of Things (IoT) solutions.

Regal’s IoT offering consists of four classes of connected products and sensors along with three analysis and reporting

service packages. These offerings can be customized to meet a wide range of customer needs in almost any industry,

including food, beverage, material handling, aggregate, and heavy metals. The four classes of connected products and

sensors include entry-level asset management services for companies in the early stages of IoT implementation as well

as highly engineered products and services to monitor mission critical equipment.

Regal Beloit Corp.

https://www.regalbeloit.com/brands/perceptiv

Omni Premier Commercial Rooftop Units – TempMaster
Through its TempMaster® brand, Johnson Controls has expanded its line of premium commercial rooftop units, which

is now available in 25-80 tons. The TempMaster Omni™ Premier platform is designed to provide building owners

ef�ciency levels that reduce operational costs over the life of the unit. The units offer high standard ef�ciency levels and

meet aggressive U.S. Department of Energy (DOE) 2023 energy ef�ciency standards.

Units are offered in standard ef�ciency (up to 10.9 EER/15.8 IEER), high capacity, or high ef�ciency (up to 11.4

EER/16.9 IEER). Standard double-wall foam panels offer improved thermal ef�ciency, while modulating options, such

as compressors, an energy recovery wheel, and gas or electric heat, further improve ef�ciency and provide premium

comfort.

TempMaster

www.tempmaster-hvac.com/equipment/packaged-cooling-and-heating

Split Dedicated Outdoor Air Systems – LG Air Conditioning
Technologies USA
LG Air Conditioning Technologies USA introduced two new split dedicated outdoor air system (DOAS) units, enabling

building owners and facility managers to ef�ciently condition outside air for improved IAQ and comfort without

sacri�cing �exibility, reliability, or ease of integration.

New to the award-winning LG DOAS lineup are 12-ton split rooftop DOAS and 1,500- to 2,000-cfm indoor split DOAS

offerings, providing commercial owners and operators with the ability to implement complete end-to-end LG HVAC

systems with ease. The new split DOAS models are con�gured for compatibility with LG’s Multi V™ variable refrigerant

�ow (VRF) outdoor units and integrate seamlessly with LG VRF controls. The new units are optimal for new building

and retro�t projects with outside air requirements, such as applications in education, of�ce, retail, and hospitality

spaces as well as multifamily housing.

LG Air Conditioning Technologies USA

www.lghvac.com 

SMARTPACK SP900EC Expansion – E Flow Technologies
E Flow Technologies announces the expansion of its SMARTPACK™ product line to include a 480- to 600-V 3-phase

AC voltage 50/60Hz product. The new SP900EC fan pack is ideal for HVACR applications in Canada, where 575 V are

required, eliminating the need for a power converter. SMARTPACK model SP900EC 7.5 kW is recognized for its ability

to deliver exceptional air�ow levels. Additionally, the motors and drives are UL-compliant.

SMARTPACK is engineered to meet stringent low-noise and high-ef�ciency requirements in industrial and commercial

HVACR and heat exchange applications. SMARTPACK’s construction includes a custom-con�gured multi-wing fan, AC,

or EC motor as well as a fan guard and shroud made from a strong metal frame with a composite inlet. E Flow fan packs

have a design to meet the toughest environmental conditions, including air�ow temperatures from minus 40° to 176°F

(minus 40° to 80°C).

E Flow Technologies

www.e�owtec.com

MagnaClean DRX Magnetic Dirt Filter – Adey
Compact and versatile, the MagnaClean DRX™ magnetic dirt �lter by Adey® provides a highly effective solution for

removing magnetite from light commercial systems with space-restricted mechanical rooms and larger systems (above

4 inches) in a side-stream application.

The MagnaClean DRX consists of an external magnetic belt containing high-performing neodymium magnets wrapped

around a precision-engineered, 304L stainless-steel canister. As system water passes through the canister, magnetite is

captured by the intense magnetic �eld. The belt unclips, disengaging the magnetite from the magnets, ready to be

quickly and easily �ushed out of the �lter’s drain point.

Built to ASME standards, MagnaClean DRX is available in 2-inch (48 magnets), 3-inch (64 magnets), and 4-inch (80

magnets) pipe dimensions and only requires a 6-inch servicing clearance.

Adey

https://www.adey.com/product/magnaclean-drx

Enzyme Drain Treatment – Nu-Calgon
Nu-Calgon launched PowerZyme™, a liquid enzyme-based drain line treatment for use in the HVAC and food service

markets. PowerZyme keeps drain lines �owing freely and addresses condensate and drain problems, such as odors,

grease, sugar snakes, and more.

Easily dispensed from a �ip-top spout, PowerZyme breaks up sludge organic matter and quickly eliminates odors in

condensate pans and drain lines. It pours through standing water and will safely protect systems from build-up for up to

three months.

PowerZyme liquid is available in a 32-ounce quart as well as an 8-ounce, “job size” bottle.  PowerZyme Gel formulation

is also available in a 32-ounce spray bottle.

Nu-Calgon

www.nucalgon.com 

Dynamic Boost Hybrid Heat Activator – Jaga Climate Systems
Jaga Climate Systems announced the availability of its Dynamic Boost Hybrid (DBH) technology in North America. Ideal

for use with low-water temperature systems, such as heat pumps, solar energy, and condensing boilers, Jaga’s powerful

new DBH unit connects to a hydronic �n tube element, forcing convection and increasing the ef�ciency of the device to

provide quick, powerful, and quiet heat.

Giving users more control over individual room temperatures, DBH further reduces the need for unnecessary heating

and overheating. Easily installed during new construction or added during building retro�ts, units can be programmed

to run to their own automated schedules or set to respond to direct input via an aquastat. The DBH fans will be

triggered automatically whenever hot water �ows through a �n tube element.  

Jaga Climate Systems

www.jaga-canada.com
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Tomorrow's Environment

Engineers Are Key in the
Ongoing Climate-Based
Refrigerant Transition

Performance, safety, reliability, environmental acceptability, and economics can each
in�uence an engineer’s HVAC application.

By Howard McKew, P.E., FASHRAE

SCROLL

This month’s editorial calendar focuses on “refrigerants in transition,” so I thought I’d offer up my thoughts on

refrigerants and their impact on ozone-depleting potential (ODP) and global warming potential (GWP).

I am familiar with ASHRAE’s position document on refrigerants and its responsible use, but I was unaware that Air-

Conditioning, Heating, and Refrigeration Institute (AHRI) formed a refrigerant transition taskforce to address every

step of the supply chain in the safe refrigerant transition to low-GWP refrigerants. The organization also addressed

refrigerants, in general, relative to their handling, application, management, and disposal. AHRI has drawn upon “fact

sheets,” such as, “A Guide to the Safe Refrigerant Transition” and its discussion on the changing world of

hydro�uorocarbon (HFC) regulations and the chemical physical and environmental properties of a relatively new class

of A2L refrigerants. This A2L grouping of refrigerants has lower toxicity and �ammability when compared with A2 or

A3 refrigerants. Class A1 refrigerants are noted to offer “no �ame propagation,” but they are toxic.

The HVAC industry has come a long way since the 1989 Montreal Protocol, where concerns directly affecting our

environment became well-documented and set a global agreement mandate to protect the stratospheric ozone layer by

phasing out the production and consumption of ozone-depleting substances (ODS). Since that time, refrigeration

equipment manufacturers have moved away from the now banned R-11 and R-12 to newer refrigerants. Producers are

now setting their sights on a new class of next-generation refrigerants grouped under the A2L class.

"The HVAC industry has come a long way since the 1989
Montreal Protocol, where concerns directly affecting our
environment became well-documented and set a global
agreement mandate to protect the stratospheric ozone

layer by phasing out the production and consumption of
ozone-depleting substances."

One refrigerant that is commonly overlooked in the HVAC industry is ammonia, which does not appear to affect global

warming or cause ozone depletion. ASHRAE does recognize ammonia in three of its four handbooks (Refrigeration,

Fundamentals, and HVAC Applications), but its application is more in the process cooling and freezing industries.

Ammonia is toxic and �ammable but, when engineered correctly in refrigeration systems, it is safe.

Today, design engineers, as well as equipment manufacturers, must take a renewed account for their projects and the

equipment being engineered. Performance, safety, reliability, environmental acceptability, and economics can each

in�uence an engineer’s HVAC application. All too often, the selection of the optimum refrigerant for the HVAC

application bypasses the aforementioned points of discussion. Seldom do HVAC designers rely on equipment

manufacturers to provide information regarding their projects' refrigeration systems, so the decision for which

refrigerant to use is determined by the equipment manufacturer representative who calls on the consulting engineer(s).

Refrigeration for process cooling can be considered a boutique engineering initiative. In cooler-freezer applications

(e.g., frozen food plant), the design engineer more often than not will be the decision-maker for the �ve points of a

refrigerant: performance, safety, reliability, environmental acceptability, and economics. Here, the equipment

manufacturer will have less in�uence, and the application result may often be the use of ammonia.

I believe consulting engineers for commercial HVAC applications need to follow the lead of industry consulting

engineers if we are to achieve the goal of stopping global warming and truly begin to protect the environment.

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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SMARTER ENGINEERING:

Leading Examples of
Automation Excellence

Smart buildings are dead. Long live smarter buildings.

Image courtesy of [sefa ozel]/[Collection E+] via Getty Images.
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GUEST COLUMN

Smart Buildings Are Dead.
Long Live Smarter Buildings!

In search of the smart building recipe.

SCROLL

By Nicolas Waern

The Smarter Stack is an open-source tool created by the members of Monday Live! This is a really interesting and great

approach to consider when �rst plotting out what smarts go into a building and how these smarts might �t within

existing dimensions.

During a recent webinar, my �rst question to the Monday Live crew was: How can those who need this most adopt the

smarts framework? This opens Pandora’s Box in the sense that all existing stakeholders might need something that

makes sense across domains. And, per usual, it is not one tool/framework that is needed but many in conjunction at

speci�c times.

Again, the systems, the people, everything serves as ingredients, but how can we create the recipes? And how can we

help each other become smarter in the process?

We probably need a course adjustment and to keep our eyes on the road, but we also need to ensure we can take our

hands off the wheel, knowing we should be able to take control at any given point in time.

How can we share knowledge between stakeholders?

How can we bring in more youthful people to the industry?

And how can we enable buildings to become smarter and smarter and possibly emerge as true smart buildings?

What was potentially missing from the Smarter Stack?

FIGURE 1:  The IoT Decision Framework. 
Image courtesy of www.DanielElizalde.com

News Flash: There Are No Self-Driving Cars for Sale Today
When it comes to autonomous cars, what exists today is a collection of technologies called advanced driver assistance

systems (ADAS), which can handle basic driving tasks for short periods of time in speci�c, ideal conditions. ADAS must

be monitored at all times, and the car's driver must be alert, undistracted, and prepared to take control at any moment.

The best ADAS available today allow drivers to take their hands off the wheel but not their eyes off the road.

Drawing a comparison to the built environment, maybe it is less about smart buildings and more about understanding

where buildings, companies, and existing systems are currently. Then, the industry must focus on the necessary steps to

help them become smarter. And, along the way toward becoming truly smart, we �rst must get digital. Buildings may or

may not be more advanced than the people and organizations managing, servicing, or using them.

We probably need a course adjustment but also must keep our eyes on the road for a while longer. And we also must

ensure we can take our hands off the wheel, knowing that we should be able to take control at any given point in time.

But, we are getting there. And considering that buildings still are energy enthusiastic, we better get to a point where

smartness also includes sustainability; security; and the context of buildings, which is the connection to the outside

world.

FIGURE 2:  Full Autonomous Buildings. 
Image courtesy of Troy Harvey, Passive Logic

On episode 28 of the Beyond Buildings Podcast, Don Kasper discussed how to get started in commanding the future. In

that episode, he said, “What I've learned is everything that we do, whether it's FTD, whether its analytics, whether it's

systems integrations, that's not the end goal — that's the means to the end goal. What everyone needs to keep in mind is

this is about climate change: This is about making the world a better place.”

Part 2 of that episode will be more about AI-machine learning (ML) models and how to enable that level of smartness

from above.

FIGURE 3:  The Building Beyond Podcast, sponsored by WINNIIO. 
Image courtesy of WINNIIO

Going Above and Beyond
If extreme weather exists, we’re in a climate crisis. And, if the ingredients exist, how do we create and share the recipes?

How do we move toward systemic change? And what factors should modern systems cater to? People? Other systems?

AI?

And where do companies start? Do they start by adding new sensors? Or making sense of the old? And how can we

learn from industrial ways of working and share knowledge freely between people as well as systems?

Maybe automation ML and other tips and tricks might do some of the jobs necessary. But, it’s one thing to create tools

and frameworks for the ones who want to look at the ingredients and another thing entirely to get it out there and

create value for those who need the outcomes of getting the recipes right.

This article �rst appeared in the August issue of automatedbuildings.com. See it in its entirety by clicking here. 

Nicolas Waern 
Nicolas Waern is the CEO, strategy and innovation leader, and a digital twin evangelist
at the consulting �rm WINNIIO. He is a �rm believer that the real estate industry needs
more of a life cycle focus where we need to go beyond buildings and come back with an
understanding what tools and technology we could use. He is the host of the Beyond
Buildings Podcast. For more information, contact him at ceo@winniio.io.  
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We Are the Future We've Been
Waiting for

We have arrived into a connected world powered by AI with myriad options
to choose from to get to the new future.

SCROLL

By Sudha Jamthe

Every wave of tech innovation has shown us that an engineering-only approach does not lead to operations success. In

the middle are people in the form of customers, employees, and support.

Data and AI bring humans into the fold more readily, because we are the training data. Everything we do is data and,

thus, so is everything we don’t.

In automated buildings, we could say technology will bring energy and operations ef�ciency. The real billion dollar

question with automated buildings (of�ce space, retail space, and real estate) is when people are coming back after the

pandemic? If they come back, then it's about saving energy to support the many humans in the buildings. If they are

going to continue a remote or quasi-remote workforce, then it is about connectivity of devices and IT support for

remote work.

Humans are the key to the success, and their decisions will contribute different kinds of data to the equation. All this

leads to more data and intelligence from AI, calling for humans to engage further to play our role.

The only thing predictable about people is that they are unpredictable. How does that play into data to train AI to power

personalization and operational ef�ciency of buildings or access assets across several industries? It offers complexity

and more layers of metadata for the AI.

FIGURE 1:  A Nuro self-driving car. 
Image courtesy of IoTDisruptions

You Are the Training Data
We, as humans, are the training data as we cross the road in front of autonomous vehicles. We are the training data

when we shop at a new location or a different time than our usual habit, triggering an anomaly condition.

We are training data when we go online to send an email or do a simple web search.

The portal to the future rests in our own hands. Every click, wave, breath, thought, and emotions is paving the future.

You are training data, enjoy it.

Building the Future?
Don't forget, we are social beings. AI is built as training AI and iterated by testing with multiple stakeholders, each

contributing their own questions and bias mitigation. We can build the future by just being present. Participate in team

discussions to build AI to work for you. You will be contributing to reducing business risk by making AI smart and

diverse by simply being part of the discussion.

And when we are all present, we will enter the portal to the future together.

This column �rst appeared in the August issue of automatedbuildings.com. See it in its entirety by clicking here.

Sudha Jamthe  
Sudha Jamthe is a technology futurist and CEO of IoTDisruptions. She mentors
business leaders to learn AI and data science using no-code AI, AI ethics, and capstone
AI labs to solve industry AI problems at Stanford Continuing Studies and online at
BusinessSchoolofAI.
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Automation Upgrades Save
HOM Furniture Store

$49,000 in Just One Year

FIGURE 1:  75F’s upgrades at HOM Furniture reduced overall energy costs by 21.1% in one year.  
Images courtesy of 75F

HOM Furniture is one of the nation’s largest furniture retailers, serving customers in the upper Midwest with an

average store size of 100,000-plus square feet. These retail shopping environments are typically one- or two-story

buildings and operate seven days a week.

Since 2010, HOM has been tracking their utility and energy performance data for their portfolio of retail stores with

EnergyPrint. They also leverage EnergyPrint’s Utility Dashboard, a cloud-based energy management software, to better

understand their energy use and expenditures, prioritize improvements, and prove results. With energy as a top three

operating expense for HOM, totaling $228,000 annually, company leaders proactively searched for ways to invest in

cost-effective solutions to increase ef�ciency across its portfolio of retail stores.

The 75F Solution
With several aging buildings, HOM reached out to 75F and saw the opportunity to optimize its existing 10-year-old

RTU equipment with new outside air optimization (OAO) economizer controls at the Plymouth, Minnesota, showroom

location. Additionally, smart sensor upgrades were added for each unit to allow for remote monitoring and control as

well as advanced scheduling and setback capabilities.

Advanced OAO works to limit the excessive outside air conditioning and increases the use of outside air during the

spring and fall seasons when ideal conditions are present. 75F's OAO is equipped with cloud computing data storage

and processing power and operates ef�ciently through its abundance of "free cooling."

This site used a simple prescriptive rebate from Xcel Energy, providing $20 a ton for advanced economizer controls

($4,400), and $100 per RTU ($2,200) for the addition of CO2 monitoring, bringing the total utility rebates to $6,600.

With EnergyPrint's Utility Dashboard as a guide, HOM benchmarked this building's performance to monitor its

monthly progress and validate savings results.

FIGURE 2:  A live zone view from Facilisight, 75F’s suite of web and mobile apps. Each zone can be individually controlled and monitored. 

The Result
The Utility Dashboard and the 75F HVAC controls upgrade saved the Plymouth site nearly $50,000 within the �rst

year of installation. This equated to a 21.1% drop in energy costs and a 21.4% drop in energy consumption for the

building, which was far ahead of projected pre-installation calculations. The collaboration between 75F and

EnergyPrint provides HOM with the ability to implement affordable solutions to improve building ef�ciency and prove

�nancial results. Additionally, EnergyPrint’s Utility Dashboard gives the HOM team a wide view of their portfolio so

they can easily identify other properties where 75F solutions could be bene�cial.

"EnergyPrint has shown me that 75F is performing above and beyond their conservative estimates on a regular basis,"

said the project's real estate manager. "The two paired together just makes complete sense."

FIGURE 3:  The view from EnergyPrint’s Utility Dashboard, showing the drop in energy consumption since 75F’s installation. The 75F system has
saved HOM Furniture nearly $50,000 in utility bills within the �rst year of installation.

AT A GLANCE
Location – Plymouth, Minnesota

75F Solutions – 75F Outside Air Optimization Economizers, 75F Smart Nodes

EnergyPrint Solution – Utility Dashboard

Square Footage – 180,000 square foot 

Rooftop Units – 22

Average Rooftop Unit Size – 10 Ton

Previous System – Standard Commercial Thermostat

Image courtesy of HOM Furniture/Facebook
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The Blueprint — Siemens
Smart Infrastructure’s

Dick Pope
Dick Pope, segment head for connected devices and application center of competence

at Siemens Smart Infrastructure USA discusses connected devices, smart
infrastructure, the future of American buildings, and more.

By Herb Woerpel

Smart infrastructure supports the way we all want to live — happily, comfortably, sustainably, and harmoniously. It

supports the way industry and organizations want to be — ef�cient, responsible, and smart.

Smart Infrastructure from Siemens intelligently connects energy systems, buildings, and industries to adapt and evolve

the way communities live and work. Siemens works together with customers and partners to create an ecosystem that

intuitively responds to the needs of people and helps customers to better use resources. It helps the company’s

customers to thrive, communities to progress, and supports sustainable development.

In this interview, Dick Pope, segment head for connected devices and application center of competence at Siemens

Smart Infrastructure USA, discusses connected devices, smart infrastructure, the future of American buildings, and

more.

Dick Pope

"Equipment-based automation will continue to evolve for
both new equipment and retrofit 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, efficiency, and healthy

environments. "
Engineered Systems: Siemens is among the industry leaders in building automation, and it’s an honor to have you with

us, Dick. Please take a moment to introduce yourself and share a little bit more about your role with Siemens.

Pope: My name is Dick Pope, and I’m the segment head for connected devices and application center of competence at

Siemens Smart Infrastructure USA. I’ve been with Siemens for eight years. Working at Siemens, I truly enjoy creating

and executing product strategies that make a positive impact in energy savings and optimizing the overall performance

of HVAC equipment systems.

Engineered Systems: You lead the connected device segment. What kinds of connected devices do you oversee?

Pope: Our products include damper actuators, valves, variable frequency drives [VFDs], thermostats, sensors, meters,

and lighting solutions.

Engineered Systems: And that team is part of the Building Products group, which is part of the Smart Infrastructure

operating company. What else falls under Smart Infrastructure — and how, at a high level, do they all work together?

Pope: Smart Infrastructure brings together building technologies and energy systems. This spans from the intelligent

control across the grid to medium-voltage substations through a broad range of low-voltage and control products and

the point of consumption to climate control, �re and security, and distributed energy systems, to name a few.

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 also 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: One of the main solutions you recently helped bring to market is the Climatix rooftop unit. Can you

tell us a little about it: What it is, how it works, and how it helps indoor air quality?

Pope: The rooftop unit is the among the most widely used HVAC equipment across several building types throughout

North America. With millions installed and a high percentage not having the latest technology, we created a system

solution to be used by RTU original equipment manufacturers for new units and HVAC contractors to retro�t aging

equipment. This solution is a combination of sensors, damper actuators, and VFDs that is connected to the Siemens

Climatix controller, serving as the “brain” of the system. This easily con�gured solution provides an exceptional user

experience for installation, commissioning, and monitoring through our mobile app and cloud remote management

solution. The sensors are strategically located within the RTU and room to monitor �lter status, CO2, humidity, and

indoor temperature to ensure a healthy and ef�cient system. The combination of damper actuators and the controller

also support air purge that can be scheduled at any frequency or on demand. The purge increases fresh air indoors

while exiting existing contaminated air from the building. 

We also customized the Climatix VFD as an easy plug-and-play solution with commissioning taking minutes, not hours.

The VFD provides improved energy ef�ciency and fan speed management for proper air�ow. We also built in the Title

24 economization application to take advantage of free cooling when conditions are conducive. 

The system can be monitored remotely with alarms/noti�cations being provided should air quality or HVAC operation

surpass critical set points. The solution not only provides peace of mind for occupants that the building is healthy and

safe, but, also, the cloud-based options allow service companies to troubleshoot and deliver system updates without the

need to roll a truck. This is truly a winning solution that delivers improved ef�ciency and 24/7 air quality monitoring to

ensure a healthy facility.  

Engineered Systems: Would you say it’s a game changer for the industry? If so, how?

Pope: Yes, this is an industry changer. Our engineers have delivered an equipment-based building automation system

without the complexities or cost. It is designed to improve RTU energy ef�ciency and operation that includes the

measure of air quality and even tells users when the air �lter needs to be changed. This is not only innovative but

needed in buildings that, in many instances, are not properly maintained or ignored until a problem occurs. A proactive

approach to equipment management and optimization that can be monitored remotely provides peace of mind and

saves mechanical service companies time and money while ensuring a healthy and comfortable environment for their

customers. In this age, where more buildings are seeking ways to ensure a healthy tenant environment, this is a budget-

friendly solution for the building owner and an ef�cient solution for contractors to offer.

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. New technologies to tackle these challenges will see continued leaps in progress during

the upcoming years.

Engineered Systems: We keep hearing about — and are starting to see — a retirement bubble of HVAC technicians. What

can you say to help encourage the newer generation to enter this �eld?

Pope: The younger generation has been raised on technology. They are using cloud and digital solutions every day. This

experience can be used with the new technology we are witnessing in HVAC equipment. Those who enjoy technology

want new challenges every day. They don't want to be behind a desk, and HVAC is an incredible and satisfying career in

that aspect. Being able to solve problems, make people happy, and earn a great living is a great combination.

Engineered Systems: If you could leave HVAC engineers/facility managers with one piece of lasting advice, what would it

be?

Pope: Have an open mind and embrace new approaches in solving old problems. We all become comfortable and

regimented in the way we do things, and it’s dif�cult to change as we can interpret change as risk. However, new

technologies have provided better solutions and user experiences that will not only provide better results but increase

personal value to your customers or employer.

Engineered Systems: Dick, thanks again for your time. We look forward to continuing to track Siemens’ evolution. If

readers are interested in connecting with you, where should they turn?

Pope: Thanks for having me. I can be reached at Richard_pope@siemens.com.

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

Lead image courtesy of [sefa ozel]/[Collection iStock / Getty Images Plus] via Getty Images.
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Verasys Controls System Release 4.0 – Johnson Controls
Johnson Controls Verasys Controls System Release 4.0 offers numerous new features and enhancements, including

BACnet integration capability for integration with third-party devices and HVAC equipment. Designed speci�cally for

light commercial buildings, adding Verasys to single- or multi-zone rooftop HVAC applications extends capabilities well

beyond a rooftop unit control board and programmable thermostat without the investment and complexity required by

more sophisticated building automation systems.

Pro�les can be exported out of the smart building hub (SBH) and imported in other SBHs to ensure a consistent

interface across multiple sites. This integration also applies to the Verasys Enterprise, and third-party data is now

visible in the cloud application alongside Verasys-compatible devices

The controller clone feature of the SBH provides faster installation and commissioning of jobs with a higher level of

quality. Installers can con�gure the set points and parameters for one device and use the controller clone feature to

copy that con�guration to one (or more) device(s) on the network with the click of a button. The feature has intelligence

built-in to only copy the parameters that are important for control and skip settings that could be harmful to network or

equipment setup.

Johnson Controls

www.verasyscontrols.com 

Threaded Revit® Families and Additional CAD File Options – ASC
Engineered Solutions
ASC Engineered Solutions™ has expanded its digital design solutions with the addition of threaded �tting Autodesk

Revit families. The free digital content includes Anvil & SCI branded cast, ductile, and malleable iron products in both

standard and heavyweight offerings. In addition, ASC now offers Threaded Pipe Fittings BIM and CAD content.

All ASC Anvil and SCI brands of threaded products can also be downloaded in traditional 2D and 3D CAD formats

from the company’s BIM library along with fabrication content components (.ITM �les). Sharpe® valve CAD �les are

also available for download.

The company’s BIM and CAD content library is available online, including its full hangers and grooved- and threaded-

�ttings product lines. Additional �les are in development and will be released quarterly.

ASC Engineered Solutions

https://www.asc-es.com/bim-portal

Nelson AXPC100-CM-GP and CM-GP Digital Controllers – Emerson
Emerson launched a low-cost upgrade for electrical heat tracing systems with its Nelson AXPC100-CM-GP and CM-

GP microprocessor-based digital controllers, engineered to accurately control, monitor, and maintain the process

temperatures of industrial pipes or tanks in ordinary (nonhazardous) locations. Ideal for replacing aging electro-

mechanical thermostats, the controllers achieve cost savings by eliminating the need for several components with a

design that integrates sensor monitoring, ground fault leakage detection, and remote alarm contacts into a single

enclosure.

Rugged and reliable, theses environmentally hardened controllers are housed in a NEMA 4X �berglass-reinforced, UV-

resistant polymer enclosure resistant to rain, snow, hose-directed water, and windblown dust. Dual-pole heater

switching adds to system versatility, making the controllers suitable for heater voltages from 120-277 VAC. Broad

temperature capability of 0° to 218°C (32° to 425°F) increases the range of process operations where they can be

installed to deliver outstanding performance, safety, and energy ef�ciency.

Emerson

www.emerson.com/en-us/automation/nelson

RED Optimise Digital Services – Carel
Carel launched RED optimise, the new generation of digital services designed to improve quality and ef�ciency in the

management of various technologies in retail, industrial, logistics, and commercial applications. The platform is

innovative in terms of content, technology, and interface, making it ideal for controlling systems and cutting operating

costs. The main bene�ts are optimized energy consumption, lower maintenance costs, and improved product storage

quality and indoor comfort.

RED optimise is a web portal for centralized management of multiple sites, bringing together and processing data from

every installed system and unit so as to provide valuable information through intuitive dashboards, advanced

algorithms, and clear messages as well as suggestions on possible optimizations. The level of digitalization and

connectivity now available allows data to be acquired from different installed technologies.

The new RED optimise portal makes it possible to effectively use these data, providing the information in a usable and

easily comparable way. Lighting, air conditioning and heating systems, refrigeration circuits, compressor racks, electrical

panels, and energy meters are all technologies manufactured in different parts of the world and installed by different

technical personnel, each with different procedures, habits, and experience: For these reasons, the systems installed on

any given site may vary greatly in terms of con�guration and performance.

Carel

www.carel.com 

PS9xxx Buffer and Redundancy Modules – Beckhoff Automation
The PS9xxx buffer and redundancy modules extend the universal 24/48-V DC power supply series from Beckhoff.

These new modules provide ef�cient options to avoid machine and plant downtime and, as a result, increase system

availability. With the supplementary PS9xxx modules, the PS power supply series and the CU81xx UPS series, Beckhoff

offers a complete and coordinated range of solutions for reliable power supply in the 24- and 48-V DC range.

The PS90xx buffer modules prevent disturbances caused by voltage dips and �uctuations in the electrical grid or by

peak loads so that the power supply units and connected loads can operate reliably and without failure. For this

purpose, the buffer modules store energy via maintenance-free electrolytic capacitors and release it as required. In this

way, power failures, for example, can be effectively bridged.

The buffer modules require no control wiring; they can be added in parallel to the load circuit at any point. In addition,

multiple modules can be connected in parallel to provide more power or further increase the power failure bridging

time.

Beckhoff Automation

https://www.beckhoff.com/en-us/products/i-o/power-supplies

Sinamics G115D Distributed Drive System – Siemens
With its new Sinamics G115D, Siemens is introducing a compact and powerful drive system speci�cally designed for

horizontal conveyor applications. The drive system comprises the motor, drive, and gearbox in one unit and is offered in

two versions — wall-mounted and motor-mounted.

The Sinamics G115D drive system is characterized by a robust design with a high IP protection class (up to IP66 / UL

Type 4X) and is suitable for use in harsh environments. Thanks to its compact dimensions, the Sinamics G115D can be

easily installed in con�ned areas. The drive system can also be operated reliably over a wide temperature range of

minus 30° to 55°C (minus 22° to 131°F), enabling operation in deep freezing applications.

Sinamics G115D is suitable for applications in intra-logistics and airports as well as in the automotive and food and

beverage industries. Its power ranges from 0.37-7.5 kW (1/2-10 hp) for wall-mount applications and 0.37-4 kW (1/2-5

hp) for motor-mounted applications. The drive system can be put into operation quickly and easily with comprehensive

integration into the Totally Integrated Automation (TIA) portal, including Startdrive commissioning software or the

Sinamics Smart Access Module (SAM) web server for Wi-Fi setup and diagnostics.

Siemens

usa.siemens.com/sinamics-g115d

IoT Connectivity Solutions Mesh Evaluation Kit – Fujitsu Components
America Inc.
Fujitsu Components America Inc. released an IoT Connectivity Solutions Mesh evaluation kit that simpli�es feasibility

testing of all use cases for wireless IoT solutions driven by fully scalable and robust Wirepas mesh technology and

Fujitsu hardware.

Each Fujitsu mesh evaluation kit ships with all the required components and tools to build a mesh network of sensors,

including �ve FWM8BLZ07Y sensor nodes with the following sensors onboard: temperature, humidity, barometric

pressure, accelerometer, luminance, and sound level; �ve FWM8BLZ07P mesh nodes set as asset tags; 20

FWM8BLZ07P mesh nodes set as Wirepas anchor nodes for location awareness; one FWM8GWZ01 Wi-Fi gateway

with two Wirepas sink nodes to connect the mesh network to the cloud service; and one concise manual explaining the

usage and installation of the included hardware and software package.

The kit comes with a three-month software evaluation license that gives customers access to the full-production grade

Wirepas network tool, the Wirepas positioning engine, and the sensor data webpage, which are all connected to a cloud

instance.

Fujitsu Components America Inc.

https://www.fujitsu.com/us/products/devices/components

BuildIT 2021 Software Suite – FARO Technologies Inc.
FARO Technologies Inc. released its most advanced BuildIT 2021 software suite, which represents the next evolution of

this platform that simpli�es work�ows, improves performance, and enhances ease of use.

BuildIT offers three individual products — BuildIT Metrology, BuildIT Projector, and BuildIT Construction — each

designed to address the most challenging quality inspection, manufacturing, and assembly or construction issues. While

the BuildIT 2021 suite is integrated with FARO hardware products to ensure an exceptional experience, it also delivers

high-quality outcomes for non-FARO hardware products.

BuildIT Construction 2021 boasts a guided user interface for concrete �oor �atness analysis and an object-based

analysis to simplify reporting to all stakeholders, allowing for a quick and easy comparison of what was built versus the

original design. Now, users can enhance their learning curve, uncover inconsistencies, and deliver complete reports on

day one using the new guided work�ow.

FARO Technologies Inc.

www.faro.com
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