
Code Bodies and  
Regulators  

Recognize  
Standard

THE OFFICIAL MAGAZINE OF THE AMMONIA REFRIGERATION INDUSTRY  n  DECEMBER 2015

IIAR-2GOES TO
WORK



CONNECT WITH OUR EXPERTISE

Hansen Technologies Corporation | 866.4HANSEN | sales@hantech.com

www.hantech.com

Another way Hansen is committed to the

CUSTOMER FIRST

When the industrial refrigeration industry needs custom solutions, they

turn to Hansen. Our team is available to help with your project’s unique needs

while maintaining the highest level of quality, safety and flexibility in design.

Connect with us today.

CONNECT WITH OUR EXPERTISE

Hansen Technologies Corporation | 866.4HANSEN | sales@hantech.com

www.hantech.com

Another way Hansen is committed to the

CUSTOMER FIRST

When the industrial refrigeration industry needs custom solutions, they

turn to Hansen. Our team is available to help with your project’s unique needs

while maintaining the highest level of quality, safety and flexibility in design.

Connect with us today.

CONNECT WITH OUR EXPERTISE

Hansen Technologies Corporation | 866.4HANSEN | sales@hantech.com

www.hantech.com

Another way Hansen is committed to the

CUSTOMER FIRST

When the industrial refrigeration industry needs custom solutions, they

turn to Hansen. Our team is available to help with your project’s unique needs

while maintaining the highest level of quality, safety and flexibility in design.

Connect with us today.



CONNECT WITH OUR EXPERTISE

Hansen Technologies Corporation | 866.4HANSEN | sales@hantech.com

www.hantech.com

Another way Hansen is committed to the

CUSTOMER FIRST

When the industrial refrigeration industry needs custom solutions, they

turn to Hansen. Our team is available to help with your project’s unique needs

while maintaining the highest level of quality, safety and flexibility in design.

Connect with us today.

CONNECT WITH OUR EXPERTISE

Hansen Technologies Corporation | 866.4HANSEN | sales@hantech.com

www.hantech.com

Another way Hansen is committed to the

CUSTOMER FIRST

When the industrial refrigeration industry needs custom solutions, they

turn to Hansen. Our team is available to help with your project’s unique needs

while maintaining the highest level of quality, safety and flexibility in design.

Connect with us today.

CONNECT WITH OUR EXPERTISE

Hansen Technologies Corporation | 866.4HANSEN | sales@hantech.com

www.hantech.com

Another way Hansen is committed to the

CUSTOMER FIRST

When the industrial refrigeration industry needs custom solutions, they

turn to Hansen. Our team is available to help with your project’s unique needs

while maintaining the highest level of quality, safety and flexibility in design.

Connect with us today.

Smarter  
than the average air.

Since 1976
An Employee-Owned Company
Commercial HVAC |  Process Cooling | Industrial Refrigeration | Power

Settling for an evaporator that bases its performance ratings on 
average or median room air temperature can be a costly mistake.

Good thing there’s the SST-B Series from EVAPCO.  
Our evaporators are AHRI certified to perform based on air 
temperature entering the coil (DT1 Method)—NOT average air 
temperature (DTM Method). That means you get colder rooms 
without excessive run times or lower suction temperatures—and 
that makes perfect cents.

It’s just one more way we make everyday life easier, more 
reliable, and more sustainable for you. We are EVAPCO—the 
team you can count on for life.

Ask your local EVAPCO representative how SST-B 
Series Evaporators can help you. Visit evapco.com to 
learn more.

IIAR_8.5x11_f.indd   1 11/10/15   12:33 PM



2 |  CONDENSER  |  December 2015  |  A Publication of the International Institute of Ammonia Refrigeration www.iiar.org

DECEMBER 2015

 4  Chairman’s Message
 6  President’s Message
14  EPA, OSHA News
 15  Committee Update
16  Safety

  Hands-On Facilities Improve  
18  Ammonia Refrigeration Training
20  Lesson Learned
22  Recommended Practices

26  IIAR Government Relations
30  IIAR Code Advocacy
34  IIAR Webinar
37  Energy Efficiency
39  Technical Paper

With the completion  
of IIAR-2, the most  
comprehensive standard  
for the safe design of  
closed-circuit ammonia  
refrigeration systems, the  
International Institute of Ammonia 
Refrigeration has written a single 
authoritative source document that 
provides a path forward for the  
ammonia refrigeration industry.

COVER 
STORY

IIAR-2  
Goes to 
Work

CONDENSER  
STAFF

Publisher  
David Rule

Editor-In-Chief 
Andrea Fischer

Creative Director 
Bill Ellis

V.P. Marketing  
and Sales  

Eileen McKeown

V.P. and Technical  
Director 

Eric Smith

International  
Institute of Ammonia 

Refrigeration
1001 North Fairfax 

Street,  
Suite 503 

Alexandria, VA 22314 
www.iiar.org

Phone: 703-312-4200   
Fax: 703-312-0065



THIS IS  
ELECTRONIC DONE SMART

Increased life cycles
Enhanced system efficiency
Simple setup, simple maintenance

Parker Electronic Valve - PEV

The Parker Electronic Valve (PEV) enables tighter control of industrial refrigeration 

systems.  Tighter control results in increased efficiency and lowered operational 

costs.  This is electronic done smart.  This is Parker. 

www.ParkerRealSolutions.com/PEV

PEV Ad.indd   1 11/9/2015   4:06:52 PM



4 |  CONDENSER  |  December 2015  |  A Publication of the International Institute of Ammonia Refrigeration www.iiar.org

chairman’s  MESSAGE
THOMAS LEIGHTY

W
e are officially 
three months 
away from 
the 2016 IIAR 
conference, 
and while most 

people are busy getting ready for the 
holidays, the IIAR team is also hard at 
work adding the final touches to our 
annual conference programming.

I am happy and excited to report 
to you that we are looking forward 
to delivering another outstanding and 
record-breaking event next year. IIAR 
will be hosting the 2016 Industrial 
Refrigeration Conference & Exhibition 
in Orlando, FL on March 20-23, 2016.

I believe this year’s conference will 
reflect our drive to incorporate your 
insights and suggestions into our con-
ference program.  

This year, I’m especially pleased to 
announce that we’ll be releasing a new 
member benefit, the IIAR app which is 
totally new, written specifically for us. 
In today’s world of fast-paced com-
munications, mobile technology has 
become more important than ever. 
With the release of this app, IIAR is 
making the vital technical resources 
and member services we depend on 
as an industry even more accessible.  
Watch in the next several weeks for the 
release.  I personally cannot wait!

Meanwhile, we’ll be debuting 
another installation of the popular 
Sunday educational program in 2016, 
the IIAR-2 Education Program. This 
event will give attendees an overview 
of how recent updates to the IIAR-2 
standard will impact plant and equip-
ment design as well as regulatory 
compliance expectations, and we ex-
pect it to be one of our most valuable 
and useful programs yet.

Here in this column, I’d like to 
draw your attention to the one mem-
ber benefit that fuels every major task 
we accomplish on behalf of this in-

dustry, and that is the hard work and 
dedication of our volunteer committee 
members.

As you may know, IIAR-2, the 
industry’s first comprehensive safety 
standard, has been released. To ac-
complish this task, the Standards 
Committee members and IIAR staff 
spent countless hours completing 
the exhausting work of carrying the 
standard through an arduous ANSI 
review process.

Their work highlights the initiative 
and focus that every IIAR committee 
displays when our volunteer com-
mittee members go to work to create 
something special from which we all 
benefit. 

We highlight the IIAR-2 here but 
it is not the only work done in the 
committees.  There are many other 
achievements, too numerous to list.  
Each committee is focused on differ-
ent initiatives; collectively they are 

making the ammonia refrigeration 
world safer and our effort stronger by 
ensuring all of us have access to the 
best resources available. 

As IIAR members, your involve-
ment and input within this industry 
is the sole force that moves us all 
forward. 

Our committees move our ideas and 
initiatives from abstract goals into re-
ality. And at the same time, our Board 
officers and voting members bring so 
much vitality and substance to our 
organization as they direct the goals 
of the IIAR committees.

If you are an IIAR member and 
have not yet had a chance to get 
involved in the work of your industry, 
I urge you to take a look at how your 
expertise might help an IIAR commit-
tee further its work goals.

I’m looking forward to welcom-
ing you in Orlando in 2016 to learn, 
share and build our knowledge base 
together. While the official conference 
dates extend from March 20th to the 
23rd, our committees will meet over 
the previous weekend and all mem-
bers are welcome to attend commit-
tee meetings on the Sunday morning 
preceding the conference.  

I would like to extend a special wel-
come in advance to new members and 
first-time conference attendees.  New 
attendees are one of the key markers 
of the success of our conference pro-
gramming and we want to do all we 
can to get you involved and provide 
to you a great conference experience.  

As we close out 2015 and look 
forward to a new cycle of growth for 
our organization, I’d like to extend a 
special thank you – to our sponsors 
for their support, and to you, our 
members, for the incredible engage-
ment and dedication that you bring to 
this organization. 

Please accept my very best wishes 
for a safe and happy holiday sea-
son and a prosperous 2016 in your 
business activities and family life.  I 
look forward to seeing you in sunny 
Orlando in March.

While most people are busy getting ready 
for the holidays, the IIAR team is also hard 
at work adding the final touches to our  
annual conference programming.
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 MESSAGEpresident’s BY DAVE RULE

s you’ve likely noticed, 
this issue of the Con-
denser is all about the 
re-release of IIAR-2, 
the first compre-
hensive code 
standard for the 

safe, reliable and efficient design of 
ammonia refrigeration systems.

We’re dedicating so much space to 
IIAR-2 because it is perhaps one of 
the most important, long reaching 
projects our association has complet-
ed in recent years. As your association 
president, I’m using my column this 
month to outline why IIAR-2 is so 
important to our industry and to you, 
our members.

The standards development process 
is complex and often spans years, and 
the development of IIAR-2 has been 
no exception. To recognize the work 
behind this monumental effort is to 
recognize the dedication and support 
of the many standards committee 
members and IIAR staff who have 
taken the writing and review process 
to completion – not to mention the 
hundreds of IIAR members and indus-
try professionals who have lent their 
support by providing literally hundreds 
of comments during multiple rounds of 
public reviews.

I’m proud to announce that IIAR 
was able to address every one of those 
comments, an effort that took over 
three years of work by dedicated indi-
viduals who are passionate about our 
industry and its future.

The result is a standard that truly 
reflects the ideal ANSI process, bal-
anced by the participation of members 
from every sector of our business. 
From engineers, to end-users, to aca-
demics, to regulators, IIAR-2 mirrors 
the broad input of our industry.

And this groundbreaking standard 
also highlights one of the most impor-
tant goals of our association, and gets 
to the heart of the very reason we exist 
– to inform the codes and practices that 
dictate how our industry will operate. 

The process is never an easy one. To 
create a standard of the breadth and 
substance of IIAR-2, an organization 
must be prepared to truly address all 
concerns posed by those participating 
in the standard’s creation. 

For us, that has meant working 
through the many valuable viewpoints 
of every participant, regardless of 
whether or not the opinions expressed 
fall in line with those of the majority, 
or even the authors of the standard.

I’m proud to say that in this capac-
ity, IIAR has made the best use of the 
ANSI consensus process, producing 
a final product that reflects the true 
consensus and broad input of our 
industry.

And this standard’s impact in the 
real world will be just as broad. As 
we adapt to the new technology that 
is even now opening doors to new 
markets – where natural refrigerants 
have the potential to create real envi-
ronmental gains – the issues addressed 
by the re-release of IIAR-2 are more 
vital and timely than ever.

From the beginning, we took a 
practical approach to IIAR-2, remak-
ing it into our industry’s first compre-
hensive safety standard by developing 
it specifically for adoption by code 
making bodies.

As a result, it is already being rec-
ognized and adopted by various code 
bodies around the country. And at the 
same time, the weight IIAR-2 garners as 
a code-informing standard has earned 
it recognition in the regulatory envi-
ronment, where OSHA, EPA and the 
Department of Homeland Security are 
already making references to the opera-
tional and safety practices it outlines.

This is a watershed moment for our 
organization and our industry because 
IIAR-2 is setting a precedent for the 
larger goal this organization has – to 
develop a suite of standards in addi-
tion to IIAR-2 that establish generally 
accepted engineering practices.

Establishing these practices through 
the ANSI standards process, as recog-
nized by code and regulatory bodies, 
ensures that our industry will follow 
the best practices available – that those 
practices are recognized to improve 
safety for operating personnel, and most 
importantly, are technically correct.

In the rapidly changing environment 
in which we are now operating, our 
standards activities are more important 
than ever. The Environmental Pro-
tection Agency has recently released 
preliminary rules that will shape new 
regulations for all synthetic refrigerants. 

That means that the reporting and 
regulatory requirements that have long 
boosted operating costs for natural 
refrigerants will likely soon apply to syn-
thetics as well. And that opens an oppor-
tunity for a broader range of end users to 
start considering natural refrigerants.

Given this important development, 
IIAR isn’t missing a beat. Now that 
IIAR-2 is complete, we’re starting the 
entire development process again for 
a CO2 standard, RAGAGEP For Ex-
isting Facilities and other significant 
programs, as we continue to expand 
our suite of standards to address the 
new needs of our industry.

Whether you are a member of an 
IIAR committee, a participant in the 
standard review process, or a non-
member working in our industry, your 
support is essential. Please join me in 
congratulating all those who made 
IIAR-2 a reality, and if you haven’t 
already, I urge you to find a way to 
get involved in the work of our com-
mittees. These efforts could not be 
completed without the dedication of 
members like you.

A
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ith the comple-
tion of IIAR-2, the 
most comprehen-
sive standard for 
the safe design of 

closed-circuit ammonia refrigeration 
systems, the International Institute of 
Ammonia Refrigeration has written a 
single authoritative source document 
that provides a path forward for the 
ammonia refrigeration industry.

For the first time, model code-writ-
ing bodies have a single standard that 
comprehensively addresses ammonia 
refrigeration, an important step that 
will open new possibilities for the use 

of ammonia as a refrigerant, and lay 
the foundation for the growth of the 
industry in years to come.

In addition to providing a single in-
formation source for code-writing bod-
ies, the all-new IIAR-2 standard gives 
regulators, such as the Occupational 
Safety and Health Administration, and 
the Environmental Protection Agency, 
a more comprehensive guideline to the 
generally accepted good engineering 
practices (RAGAGEP) of the industry 

for new system 
designs. This 
is expected to 
enhance the 
industry’s rela-
tionship with 
regulators.

The new 
IIAR-2 stan-
dard is already 
being widely 
adopted by code-
writing bodies.

“Getting IIAR-2 
adopted by reference by 
the model codes puts IIAR-

2 in the position of being a legally en-
forceable document,” said Jeff Shapiro, 
IIAR’s code consultant. “With IIAR-2 
serving as a comprehensive regulatory 
document for ammonia refrigeration, 
IIAR’s technical experts are in a better 
position to manage our industry’s regu-
latory affairs, versus relying on others 
who are not focused on ammonia.”

The revised standard addresses the 
industry’s advances in technology, in-
corporates new design approaches and 

tells users what 
they need to do 
in addition to how 
to do it. Shapiro said 
the new IIAR-2 is the 
premier document gov-
erning the ammonia refrig-
eration industry. “It certainly 
is the most comprehensive in 
terms of the scope,” he said.  

The updated IIAR-2 standard 
covers all aspects of ammonia refrig-
eration safety, such as the application 
of systems, where ammonia equipment 
can be housed, and how safety stan-
dards should be applied to different 
applications, said Bob Czarnecki, chair-
man of IIAR’s Standards Committee.

Eric Smith, IIAR vice president and 
technical director, said the new IIAR-2 
integrates topics that were found in 
other standards but had not previ-
ously been included in the IIAR-2 
standard.  “Essentially a gap analysis 
was done that compared the Interna-
tional Mechanical Code, Uniform Me-
chanical Code, the International Fire 
Code, the International Mechanical 
Code and ASHRAE 15 with the prior 
edition of IIAR-2. We addressed or 

For the first time, model code-writing  
bodies have a single standard that  
comprehensively addresses ammonia  
refrigeration, an important step that  
will open new possibilities for the use  
of ammonia as a refrigerant, and lay  
the foundation for the growth of the  
industry in years to come.

W
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WORK
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attempted to address those things that 
were in other codes and standards but 
weren’t in IIAR-2,” Smith said.

Dave Rule, president of IIAR, said,  
“We wanted to make sure the rewrite 
of the standard addressed some of the 
important issues that were going on in 
refrigeration today and to make sure 
we had a comprehensive safety stan-
dard for our industry.”

As Czarnecki put it, “The whole 
purpose was to create a comprehen-
sive, safe-design document for am-
monia refrigeration. In addition to 
featuring new information, IIAR-2 was 
reorganized to make it a much more 
workable document. “It was divided 
into chapters to make it an easier doc-
ument to work with and much simpler 
to access information,” Rule said.

Dave Schaefer, chief engineer for 
Bassett Mechanical and chair of the 
subcommittee for IIAR-2, said that 
now individual chapters separately 
address specific pieces of equipment. 
“Before, multiple types of equipment 
would appear in one chapter. It made 
much more sense to separate it into 
system components,” he said.

One of the most significant changes 
was the inclusion of an informative ap-
pendix – Appendix A, said Tony Lun-
dell, director of safety and standards 
for IIAR. The main document had to 
be written with enforceable language 
in order to be adopted by the code 
bodies, but Appendix A allowed IIAR 
to include additional, informative ex-
planatory material on the normative—
mandatory— requirements found in 
the main body of the document.

“In an enforceable standard or code, 
you can’t write descriptive information 
into an enforceable text,” Shapiro said.

“To enhance the usability of the doc-
ument, Appendix A clarifies things in 
layman’s terms,” Lundell said, adding 
that agreeing to provide an informative 
appendix was a major breakthrough. 
“That was a landslide that allowed 
the people on the code language side 
to say ‘we’re going to get it written in 
the code language’ and the people on 
the explanation side who wanted the 
informative language to get that too, 
so it was easily digestible.”

Smith said Appendix A also helps 
users understand why certain provisions 
were included and how to apply them.

WORK WITH THE CODE BODIES
IIAR-2 includes about a dozen changes 
that were made to coordinate with as-
sociated model codes, Czarnecki said.  

“They are good changes that allow us 
to mold our document more into what 
we would like to see it become.”

Shapiro said, “IIAR-2 was written 
previously as a design standard. The 
objective of IIAR for the rewrite was to 
expand the scope of IIAR-2 to become a 
comprehensive document that combines 
features of a code with features of a stan-
dard. Codes typically tell you what to 
do, and standards typically tell you how 
to do it. The new IIAR-2 does both.”

In developing the standard, IIAR 
staff also worked directly with OSHA, 
meeting with the agency several 
times. “OSHA had certain issues they 
wanted to get clarity on, so the stan-
dard addressed practices that could 
help to prevent certain situations from 
occurring,” Lundell said.

OSHA was particularly interested in 
portions of the standard that address 
packaged systems as well as ammonia 
refrigeration equipment in areas other 
than machinery rooms. “OSHA was 

thankful that we are getting the infor-
mation into a standard we can use,” 
Lundell said, adding that while OSHA 
did not comment on the standard 
formally, the agency did provide some 
feedback throughout its development. 
The agency was particularly in favor of 
consolidated requirements, he added.

“IIAR-2 has the capability of stand-
ing on its own without relying on a 
code, but it has been written in a way 
that allows it to work hand-in-hand 
with the building, mechanical and fire 
codes that are used by jurisdictions 
throughout the U.S.,” Shapiro said.

Rule said the standards writing 
process at IIAR follows the American 
National Standards Institute consensus 
method, which includes input from 
manufacturers, engineers, end users and 
educators. “It ultimately ensures that 
IIAR-2, as well as IIAR’s other stan-
dards, are recognized by the regulatory 
agencies—OSHA, DHS, EPA and the 
code bodies around the country.”

The consensus body for IIAR-2, 
which included 28 members, was a 
balanced interest group, but Shapiro 
said it is important to remember that 
consensus doesn’t equate to una-
nimity. “There are often dissenting 
opinions in a consensus decision, but 
isn’t a disadvantage.  On the contrary, 
it demonstrates the broad perspective 
and input involved in the decision 
making process, and that was certain-
ly the case with IIAR-2” he explained.  

NEW DESIGNS AND EQUIPMENT
As technology has changed, so has the 
placement and use of the refrigeration 
equipment and components the indus-
try relies on. For that reason, one of 
the first goals of IIAR-2 was to create 
a standard that reflected current prac-
tices in ammonia refrigeration.

For the first time in the industry, the 
IIAR-2 standard broadly addresses 
ammonia equipment outside of ma-
chine rooms in industrial settings.

“Typically everything but evapora-
tors had to be in a machine room, but 
a lot of processes require equipment to 
be out on the floor,” Czarnecki said. 
“One of the things that was never 
allowed on the floor was an ammonia 
pump. Now there are pumps that don’t 
leak and have safeguards, which we’ve 
termed low-probability pumps.”

The standard also addresses low-
charge, small package systems. “There 
is a whole chapter on packaged 

“We wanted to make sure the rewrite of 
the standards addressed some of the 
important issues that were going on in 
the refrigeration industry and to make 
sure we had a comprehensive safety 
standard for our industry.”

 – Dave Rule, president of IIAR
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equipment, which is a new topic for 
this standard,” Czarnecki said, adding 
that IIAR-2 is the first standard that 
specifically addresses packaged am-
monia equipment. “Packaged equip-
ment has been around forever but 
now it has gone main stream, so we 
dedicated a chapter to it.”

Lundell said, “For years, businesses 
have been installing equipment outside 
of machinery rooms, but standards 
did not address this situation. The 
new IIAR-2 includes a full chapter 
on equipment outside of machinery 
rooms.” Now, the practice is specifi-
cally allowed if precautions are taken.

IIAR-2 also eliminates the need 
for direct outside egress for machine 
rooms, which allows companies to 
place a machinery room in the center 
of a building if necessary and not 
require them to have a direct outside 
wall. Smith said, “Now they can 
safely house refrigeration equipment 
next to production equipment.” 

The standard also discusses require-
ments for outdoor installations. “It is a 
practice that people have been follow-
ing for a long time, but standards nev-
er clarified the questions of if outdoor 
installations are acceptable and under 
what conditions,” Smith said.

The updated IIAR-2 includes a 
chapter on ammonia detection and 
alarms, standardizing their system 
response functions, and revisits the 
question of “shunt-tripping,” or the 
de-energizing of electrical equipment 
in the presence of large concentra-
tions of ammonia. “IIAR-2 addresses 
this in Appendix M. No one wanted 
to make it a mandatory requirement, 
but the informative appendix provides 
guidance on shunt tripping and opera-
tional containment and explains what 
you can do,” Czarnecki said.

FURTHER CLARIFICATION
IIAR-2 also added some definitions 
for certain terms, such as combustible 
material, trained operators, public 
access and public assembly. IIAR-2 
includes further clarification on pipe 
terminations, seismic bracing, text 
to be included on signage, labels and 
pipe marking, and the minimum size 
for relief connections, Smith said.

“It is important to understand what 
the body of the standard is discussing,” 
Smith said. “It is also important that 
when there are questions of code compli-

ance, you have a definition that will, as 
clearly as possible, provide an explana-
tion of what you are talking about, so 
there is less room for interpretation.”

An important direct change related 
to safety is the minimum pressure for 
low-side vessels, Smith said, adding 
that it has been raised to 250 PSIG 
from 150 PSIG.

Requirements for alarms have also 
changed. Lundell said “In the machinery 
rooms, the biggest change is with the 
detection level that triggers ventilation. 
If you’re below 25 parts per million, you 
do not need to alarm. Maintenance can 
often release minor amounts of ammo-
nia e.g. you may be changing coalescent 
filters on a twin screw compressor, and 
there is no need to alarm in these cases. 
Once a 150 ppm is detected, it shall acti-
vate your emergency ventilation system. 

It used to be it would not activate until 
1,000 ppm was detected.”

Schaefer added that ventilation 
requirements are divided into differ-
ent segments: temperature control 
ventilation, fresh air ventilation and 
emergency ventilation. Ventilation 
for occupant fresh air was added as a 
new segment. 

As part of the updated standard, 
there is now a requirement to con-
sider functional testing in the design 
of the system. “What that means is 
the system designer needs to think 
about and incorporate provisions into 
the system so it can be functionally 
tested,” Smith said.

Smith also said that IIAR-2 man-
dates the consideration of worst-case 
scenarios of over-pressurization for 
vessels and heat exchangers. “For 
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example, there are scenarios when 
equipment is cleaned that could pro-
duce an over-pressure situation. We’ve 
added a lot of ways to determine these 
scenarios,” Smith said.

THE REVIEW PROCESS
Including pre-public review discus-
sions, pubic review comment break-
out sessions and conference call team 
meetings for the development of com-
ment responses and document draft-
ing, this IIAR-2 revision required hun-
dreds of meetings to get it finalized, 
approved and published. The Stan-
dards Committee addressed hundreds 
of public review comments, creating a 
change to the draft or an explanation 
for each concern submitted. 

Even though the most recent version 
of IIAR-2 has just been released, IIAR 
and its members are already working 
on improvements, which have been 
ongoing since IIAR-2 was originally 
introduced to the industry in 1974. 
The original standard was ANSI-
approved in 1978 and has been going 
through a rewrite every five years or 
so.  “It is all done to address existing 
designs, to improve the systems and 

meet our mandate to operate safely as 
an industry,” Rule said.

Schaefer said those involved with 
the current rewrite have kept a run-
ning list of items to explore. “One of 
the things that will be addressed in 
the future is one or several provisions 
for high pressure cut-off testing on 
compressors,” he said.

The current document lays the 
groundwork for the future, Czarnecki 
said. “We brought into play and start-
ed to mention things like automatic 
controls that were never mentioned 
before. We didn’t say a lot about it, 
but we got the ball rolling.”

Rule said the committee will start 
an earnest rewrite process in about 
two years. “If there is anything criti-
cal that needs to be addressed sooner, 
there are processes we can follow to 
address those and present an adden-
dum to the standard.”

Shapiro said, “Codes and standards 
are never perfect. That is the rea-
son we have a process by which we 
continually update them. Technology 
changes. People’s understanding of 
how to use technology changes.”

For now, IIAR’s Rule said the 
organization would be focused on 
informing members and the industry 
at large on the technical details and 
widespread implications of the newly 
released standard.

IIAR announced that it is planning a 
special education program on Sunday, 
March 20, ahead of the IIAR 2016 An-
nual Conference and Exhibition. The 
program will provide an overview of 
the new, final IIAR-2 standard, includ-
ing new areas of interest and changes 
to the standard that will have a major 
impact on the industry today, Rule 
said. He added that IIAR members 
may register online and learn more 
about the upcoming educational ses-
sion via the IIAR website.

“IIAR-2 represents the culmination 
of some of the most important and 
vital work our organization has had 
the opportunity to complete in recent 
years,” Rule said. “This standard 
truly lays the foundation for the fu-
ture of our industry. IIAR’s upcoming 
educational session will be the first 
step for many in our industry as we 
begin the process of putting it to work 
in our day-to-day operations.” 



www.iiar.org  A Publication of the International Institute of Ammonia Refrigeration  |  December 2015  |  CONDENSER  |  13

See what Danfoss can do for you at 
www.danfoss.com/flexline

Designed to be simple, efficient, and flexible, all Flexline™ products 
are based on a modular design to reduce complexity from the design 
phase to installation, commissioning, and service. The ICF Flexline™ 
valve station is the multi-ported control solution for liquid, compressor 
injection, and hot gas lines  — a true “plug–and–play” solution which 
covers 90% of all applications (just four basic configurations allow for 
more than 50 special configurations). 

ICV Flexline™ ICM motor control and ICS piloted controlled servo 
valves are based on one common valve body for all functions and offer 
75% less leak potential, higher accuracy, and lower pressure drop. The 
SVL Flexline™ line components use two basic valve housings to offer 
six interchangeable function modules with five different functions.

80%
lower 
installation 
time

Reduce total life-cycle costs with Danfoss 
FlexlineTM — one platform, multiple options.



14 |  CONDENSER  |  December 2015  |  A Publication of the International Institute of Ammonia Refrigeration www.iiar.org

OSHA Urges Employers  
to Verify Authenticity  
of Inspectors

he Occupational Health 
and Safety Administration 
recently warned employers 
of a situation in which an 
imposter posed as an OSHA 
inspector and requested 

unaccompanied access to a workplace. 
The agency asked company officials 
to utilize due diligence anytime they 
interact with someone claiming to be an 
OSHA official.

The warning came after an incident 
in September when a man visited three 

construction sites in the Houston area 
claiming to be an OSHA safety inspec-
tor, said R. Casey Perkins, area director 
in Austin for the U.S. Department of 
Labor’s Occupational Safety and Health 
Administration.

After arriving at a site, the man pre-
sented a simple business card and said he 
had the right to walk the job site unac-
companied by anybody. Perkins said 
both of those actions are red flags.

OSHA inspectors do have the right to 
enter a workplace and inspect without 

delay, but the employer and an employee 
representative are welcome and are 
encouraged to accompany the inspector 
on a walkthrough, Perkins said.

OSHA representatives also carry 
credentials that include a badge, photo, 
name and title along with a Department 
of Labor embossed seal on it. Inspec-
tors should also have a business card 
that lists contacts for the OHSA area 
office. If a situation seems out of line, the 
employer should check with the agency’s 
area office.

T

EPA, International  
Community Moves  
Forward with HFC/ 
HCFC Phase Out 

he U.S. Environmen-
tal Protection Agency is 
continuing its phase-out of 
certain hydrofluorocarbons 
and hydrochlorofluorocar-
bons in favor of safer, more 

climate-friendly alternatives, which is 
expected to create new opportunities for 
the natural refrigerants industry. So far, 
the EPA has focused on commercial ap-
plications, although a rule on industrial 
applications may emerge eventually.

“As you’re removing synthetic 
refrigerants from being acceptable 
alternatives, you’re going to see 
people asking where they go next,” 
said Lowell Randel, vice president of 
government and legal affairs for IIAR. 
“Natural refrigerants, like ammonia 
and carbon dioxide, are alternatives 
companies will consider.”

In July, EPA published its final rule 
under the Significant New Alternatives 
Policy prohibiting certain hydrofluoro-
carbons — HFCs, and it is no longer 
acceptable to use those particular HFCs 
in specific applications after specified 
dates. EPA said HFC-containing blends 
affected by the rulemaking are used in 
aerosols, foam-blowing, motor-vehicle 
air conditioning, retail food refrigera-
tion and vending machines.

“To date, that [phaseout] has really 
been focused on the refrigeration 
space for commercial applications 
rather than industrial applications,” 
Randel said, adding that he expects 
a rule that will apply to the indus-
trial sector eventually. “They haven’t 
tipped their hand on when we might 
see a rulemaking. It is not imminent 
but indications are that is the direc-
tion we’re going.”

The overall trend is going to con-
tinue to move away from the HFCs. 
“It is a matter of when and not if,” 
Randel said. “Ammonia and CO2 will 
be good viable options for the transi-
tion and we’ve already seen that to be 
the case in Europe.”

A number of countries are pushing 
to include the prohibition of certain 
HFCs in the Montreal Protocol, an 
international treaty designed to phase 
out the production of certain substanc-
es in order to improve Earth’s ozone 
layer. “There have been a few countries 
that have been hesitant to include that 
because of the impact it would have on 
their economy,” Randel said.

Parties involved in the Montreal 
Protocol met in November in Dubai. 
“Meetings like that one are hopefully 
going to give us more clarity on where 

things are headed,” Randel said, add-
ing that with meetings at the interna-
tional level it takes a long time to come 
to a resolution, which is typically fol-
lowed by a lengthy transition period. 
“They’re negotiating right now what 
the phasedown might look like.”

During the meeting, attendees agreed 
to a pathway for including HFCs in 
the Montreal Protocol. “The goal is 
to complete work on adding HFCs by 
the end of 2016, although that timeline 
can obviously slip,” Randell said. 

The Montreal Protocol already 
requires reductions of certain hydro-
chlorofluorocarbons — HCFCs. “The 
main one we’re concerned about is 
R-22,” Randel said.

The EPA’s published schedule calls 
for an end to R-22 production by 
2020. “EPA published the phase-out 
schedule about a year ago and there 
hasn’t been much development on the 
HCFC front, other than that people 
are trying to figure out the transition,” 
Randel said. Under the R-22 phase 
out, the chemical can’t be produced in 
or imported into the U.S. The result 
has been a dramatic increase in the 
price of the refrigerant with a signifi-
cant economic impact on the industry.

T
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pdating the IIAR-2 
standard was a massive 
four-year effort, during 
which IIAR’s volunteer 
committee – working to 

achieve consensus – took a “divide 
and conquer” approach to handle 
the approximately 1,500 comments 
and more than 1,000 off-the-record 
suggestions, said standards committee 
vice chairman Don Faust.

“Arriving at a consensus within the 
entire industry was our biggest chal-
lenge, especially with a scope as broad 

as IIAR-2. The difference between a 
standard and a code is that a standard 
must achieve that consensus, so we 
had to address formal and informal 
comments,” said Faust, vice president 
of Gartner Refrigeration in Minne-
apolis. “I saw pretty quickly due to 
the sheer mass of comments that we 
had to break up into groups, with 
each group tackling a section of the 
standard and addressing the com-
ments related to that standard.”

Committee members at times held 
daily conference calls lasting up to 
four hours, and the new standard 
went through six public reviews 
before IIAR published the final docu-
ment. Before the first public review 
draft was submitted, many other 
drafts were created as discussions gen-
erated changes. “We began naming 
the drafts after animals just to distin-

guish one from the other,” IIAR Vice 
President and Technical Director Eric 
Smith said. “The last one before pub-
lic review began was called osprey.”

Although committee members had 
a hand in each section of the updated 
standard, members also focused on 
specific areas. Faust helped develop 
standards for ammonia detection and 
safety systems for engine rooms. 

Dave Schaefer, chief engineer at 
Bassett Mechanical in Wisconsin, and 
the IIAR 2 subcommittee chairman 
was involved with most parts of the 

standard but made a large contribu-
tion to the development of package 
systems and pumps. Standards Com-
mittee chairman Bob Czarnecki, who 
recently retired from Campbell’s Soup 
Company, established the subcommit-
tees, weighed in on technical issues 
and distributed information. Other 
members divided into groups to work 
on various chapters.

“This committee rewrote the stan-
dard to make it more comprehensive 
and to improve the level of safety 
design for new facilities,” said Dave 
Rule, IIAR president. “They were all 
volunteers, and they all offered their 
time and their commitment to the in-
dustry to produce a document that will 
improve the safety and efficiency of the 
ammonia refrigeration industry.”

As the Standards Committee chair, 
Czarnecki managed the process 

and kept the project on track. “The 
amount of comments were way more 
that we would normally receive on a 
public review because the document 
had changed so much, so it took a 
lot of time to work up responses,” he 
said. “We learned a lot about how to 
streamline the process for the future.”

In addition to quarterly meetings in 
Washington, D.C., committee mem-
bers spent countless hours on confer-
ence calls and working individually 
to resolve issues. “A lot of people put 
more time into this than you would 
normally expect from a volunteer,” 
Czarnecki said.

The committee faced a deadline for 
publication of the updated standard if 
it hoped that it be referenced in codes 
for the for the next code cycle. “A 
standard holds less weight on its own, 
but its incorporation in codes pro-
vides significant status,” Faust said. 
“We were under tremendous time 
pressure to get this done.”

Faust utilized his experience writing 
standards to field public comments 
and draft responses. “We developed 
a concept for the latest standards for 
ammonia detection and safety systems 
in engine rooms,” he said. “A lot of 
what I did was overseeing the pro-
cess. There were many, many hands 
involved in every section.”

As a subcommittee chairman, 
Schaefer’s role was to make certain 
that responses were formulated to the 
proposed solutions that came from 
debates and public comments.

Members of the SC Committee, 
IIAR-2 SubCommittee and IIAR Staff 
were recently awarded special plaques 
by IIAR for their efforts in developing 
this new standard, said IIAR’s Rule.

“Everyone played an equal part in the 
process depending on which chapters 
they worked on,” Rule said. “They are 
very passionate, dedicated people.”

COMMITTEE
updateIIAR-2 Committee  

Recognized for Four-
Year Publication Effort

U

“This committee rewrote the standard  
to make it more comprehensive and  
to improve the level of safety design  
for new facilities.”
Dave Rule, IIAR president
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IIAR-2: Addressing  
the Machinery Room SAFETY

he recent release of IIAR-2 
provides an updated stan-
dard that clarifies previ-
ously cloudy codes and 
regulations and provides 

new information that enables facilities 
to meet the highest safety standards. 
Specifically where safe machinery 
room operation is concerned, the 
standard is critically important to the 
future of the ammonia refrigeration 
industry. 

There are five key elements that 
increase safety in a machinery room:

• construction;

• ventilation;

• the emergency detection system;

• the emergency shutdown system; and

• the relief systems.

IIAR-2 spells out the specific areas 
that facilities must address to oper-
ate safely, and, in the event of an 

ammonia leak, how the leak is 
mitigated.

The road to safety begins with 
the machinery room’s construc-
tion. IIAR defines a machinery 
room as an enclosed space that is 
designed specifically to safely house 
refrigerating equipment. That equip-
ment includes compressors, refriger-
ant pumps or other refrigerant liquid 
transfer equipment that raises the 
pressure of the refrigerant.

The updated standard also requires 
that the machinery room be separated 
from the remainder of the building by 
tight-fitting construction of non-com-
bustible materials with a one-hour 
fire-resistance rating. The fire rating 
also applies to doors and windows. 

Doors that are used for emergency 
egress must be identified and equipped 
with panic hardware.

Piping that penetrates the walls or 
the ceilings of the machinery room 
must fit tightly and include fire-pre-

ventative material.
Machinery rooms must also be 

designed so that manually operated 
valves that are not accessible from 
floor level can be reached via portable 
or fixed platforms, ladders, or with a 
chain-operated system.

“These items were part of the previ-
ous standard but some of the provi-
sions weren’t clear. IIAR-2 - 2014 
has removed those ambiguities and 
provided clarification,” says Jack 
Piho, president of Piho Engineering, 
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a company that assists facilities in 
understanding and addressing safety 
codes and regulations.

Ventilation can be the most confus-
ing aspect of designing a machinery 
room because there have been so 
many different standards in place, 
said Piho. “The Fire Marshall or the 
Fire Chief has the final say, so facili-
ties need to maintain a good working 
relationship with them.”

Machinery room exhaust to the out-
doors must be at least 20 feet from a 
property line or from openings in the 
building, measured horizontally, verti-
cally or a combination of both. Emer-
gency exhaust fan motors located in 
the air stream or inside the machinery 
room should be totally enclosed but 
need not be explosion proof. Emer-
gency mechanical ventilation systems 
should include a minimum of 30 air 
changes per hour based on the gross 
machinery room volume.

IIAR-2 has also provided clarifica-
tion regarding the activation of visual 
indicators and the audible alarm 
regarding detection of ammonia 
concentrations. Detection reaching 
25 parts per million (ppm) should 
activate the indicators and the alarm. 
Both can be automatically reset if the 
ammonia concentration drops below 
25 ppm. Ammonia concentrations 
reaching 150 ppm require that the 
emergency ventilation system starts 
and continues to operate until it is 
manually reset by a switch located in 
the machinery room.

IIAR-2 requires emergency shut-
down when detection of ammonia 
concentrations exceed the lower of 
the detection’s highest limit or 40,000 
ppm. With that, machinery-room re-
frigerant compressors and pumps and 
normally closed automatic refrigerant 
valves must be de-energized. “What’s 
new is that you now only shut down 
the rotating refrigerant equipment in 
the machinery room,” Piho says. “In 
the old days you would shut down the 
entire room.”

The new standard requires this 
shutdown to be automated. Formerly 
this was not specified.

Finally, the updated standard pro-
vides clarification about relief systems. 
It states “pressure relief devices shall 
have sufficient mass flow carrying 
capacity to limit the pressure rise in 
protected equipment to prevent its 
catastrophic failure.” Simply, this 
means . . . protect all equipment.

One provision requires that the 
risk device capacity factor should be 
increased to 1.25 when combustible 
material is stored within 20 feet of a 
pressure vessel. “The reason is that 
you could be somewhere else in the 
facility or even outside where oil 
drums or other unprotected items 
are right next to a pressure vessel. In 
those cases you need to change the 
calculation method,” Piho says.

The new standard clarifies what a 
combustible material is and that the 
concern is about the storage of such 
materials.

Finally, atmospheric discharge va-
por pressure relief devices should send 
vapor directly outdoors, although 
exceptions are permitted, and may be 
required by local jurisdictions.

So how does an existing facility ad-
dress these new codes and regulations, 

which in some cases could require 
costly renovation and design?

Facilities will need to evaluate the 
costs of updating against the risks of 
not doing so.

Facilities that have not yet been 
constructed should hire a designer 
who is familiar with all the current 
codes and regulations. “The bottom 
line is that a new facility won’t get a 
certificate of occupancy that allows 
it to operate if it doesn’t meet these 
standards,” Piho says.

Existing facilities that meet the 
codes on which they were built will 
typically be grandfathered unless there 
have been modifications. So why do 
it? “Owners will – in keeping with 
internal policy or possibly recommen-
dations of outside resources – choose 
to update their refrigeration system to 
meet IIAR-2 and be current, and it’s 
the right thing to do,” said Piho.
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Hands-On Facilities Improve 
Ammonia Refrigeration Training

he ideal training for am-
monia systems should 
include classroom training 
coupled with a hands-on 
component in which op-

erators and technicians can combine 
book learning with practical appli-
cation, according to some industry 
training specialists.

“Ammonia refrigeration opera-
tors tend to have learning styles that 
hinge on them being able to put their 
hands on the system to make it make 
sense,” said Dallas Babcock, an am-

monia program instructor at Garden 
City Community College and a past 
committee member for the IIAR joint 
operator training guideline committee.

Vern Sanderson, Safety Services Group 
Leader with Wagner-Meinert based in 
Fort Wayne, Indiana, and a member 
of RETA (Refrigerating Engineers and 
Technicians Association) Board of Direc-
tors said, “If you’re not getting your 
hands dirty with training, you probably 
need to do more training.” 

Currently, a number of training pro-
grams, both domestic and abroad ex-
ist for ammonia, and they vary based 
on the skills individuals are trying to 
acquire. Companies also hold training 
in-house and can utilize training from 
equipment providers and contractors.

Doug Reindl, a professor at the 
University of Wisconsin and a mem-
ber of the IIAR board, said there are 
several locations around the country 

that have operating ammonia refrig-
eration systems to support opera-
tor training, including two separate 
programs in Garden City, Kansas—
Garden City Community College and 
Garden City’s Ammonia Program, 
the Tex Hildebrand Training Center 
by Wagner-Meinert in Fort Wayne, 
the Industrial Refrigeration Technical 
College in Lyndhurst, Virginia, and 
Lanier Technical College, in Georgia.  

“Facilities with operating ammonia 
refrigeration systems for training have 
grown up in various locations. Some 
of the programs were driven at a local 
or regional level by end users wanting 
opportunities for their operators to re-
ceive structured training in their area,” 
Reindl said, adding that industry 
partners are another resource for more 
specialized product-specific training. 

“Many of the equipment manufac-
turers, valve manufactures, compressor 

manufacturers and larger component 
manufacturers offer training on their 
specific products. In addition, the con-
tractors that build and install ammonia 
refrigeration systems conduct quite a 
bit of training on the specific systems 
they build for their clients.”

Sanderson said training is becoming 
even more important as equipment 
and systems become more complex. 
“As an industry, we probably have less 
experienced operators today working 
on more advanced equipment, than we 
had 20 years ago” he said. 

Bruce Nelson, president of Colmac 
Coil and a member of IIAR’s board of 
directors recently visited an ammonia 
operator training facility that opened 
in 2014 in Bogota, Colombia — Cen-
tro de Capacitacion Refrisistemas 
Industriales (CCRSI). The location is 
operated by IIAR member Juan Car-
los Hencker and can be used by end-

T
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users with facilities in Latin America. 
“It is the first training center in Latin 

America with pumped, flooded and DX 
ammonia, single- and two-stage sys-
tems, a CO2/ammonia cascade system 
and a Freon system,” Hencker said. 

Nelson said, “The Columbia loca-
tion offers industrial refrigeration users 
in Latin America a place to send their 
operators for training on the safe op-
eration of industrial ammonia systems, 
which hasn’t been possible before.”

Bogota provides an ideal location 
to serve the Latin American market 
because of its central location between 
North and South America, Hencker 
said. He expects 200 students per year 
to train at the location.

Because the ammonia refrigeration 
industry is so varied, Babcock said it 
is important for programs to have a 
range of equipment. “We have four 
different systems in our lab and the 
four systems are as different as we 
could make them,” he said.

Sanderson said the differences 
between equipment become more 
apparent when more detailed main-
tenance is done. “As you get into 
more advanced work, the differences 
in equipment and manufacturers are 
more profound” he said.

In the spring, the Garden City Am-
monia Program plans to launch a tech-
nician course that will involve charging 
a 13-compressor engine room. Jeremy 
Williams, a voting member of IIAR’s 
education committee and directing 
manager of the Garden City Ammonia 
Program, also known as GCAP, said 
that to his knowledge, the program is 
the first of its kind.

“Trainees will be charging a system 
from a delivery truck. They’ll do pres-

sure tests and bring over an ammonia 
charge and try to get that mechani-
cal refrigeration system going in four 
days. It is kind of like commissioning 
a new plant,” Williams said.  

In addition to the new engine room, 
GCAP has several other pieces of 
equipment for trainees to use. “During 
training, we’re trying to show one way 
of doing everything that can be done 
in the industry. They might not be able 
to relate to an entire system from their 
plant, but there are things in each sys-
tem they can relate to,” Williams said. 
“Once they have the opportunity to 
see the mechanical concepts, they can 
take it and have it for a lifetime.”

In addition to giving students the 
opportunity for hands-on instruction, 
Sanderson said he believes facility specific 
training programs should incorporate 
block flow diagrams into the instruc-
tion. “A block flow diagram gives you 
the opportunity to see how the system 
operates as a unit. Every facility is 
required to have one but very rarely are 
they ever used,” he said. “After acquir-
ing a baseline knowledge of components 
and their operations, operators can then 
expand their knowledge to the system 
level by incorporating the use of block 
flow diagrams. Ultimately this allows 
for a transition to the use of process and 
instrumentation diagrams as well as stan-
dard operating procedures in training.

The kind of training and the fre-
quency of training that operators need 
varies. Facilities that utilize certain 
amounts of ammonia fall under Oc-
cupational Safety and Health Adminis-
tration Process Safety Management and 
the Environmental Protection Agency’s 
Risk Management Plant programs, 
which have training requirements.

“One aspect of these regulations is 
that operations staff receive training 
on the specific operating procedures 
applicable for their own systems,” 
Reindl said, adding that there are 
additional training requirements that 
apply to maintenance, emergency 
response, and other aspects of systems 
depending on the work the facility 
does and the staff involved. 

Wagner-Meinert offers 24 refrigera-
tion and emergency response-related 
courses out of its training center in 
Fort Wayne, through an agreement 
with Polk State Corporate College 
in Bartow, Florida, and outreach 
locations throughout the country. 
However, the majority of classes the 
company does are onsite at their cus-
tomers’ locations. Sanderson said the 
two types of training—on-site and off-
site—complement each other. “They 
need to have exposure to what they’ve 
got and what they’re likely to encoun-
ter in the future,” he said. “A well 
balanced training lab, one consisting 
of old and new equipment, is vital to 
the training process. Understanding 
their system and having training spe-
cific to their system is also vital.” 

Babcock said learning within a 
training facility can be more effective 
than on-site training because it re-
moves distractions and training can be 
consolidated into a shorter timeframe. 
“The [average] plant isn’t going to 
stop production for training,” he said.

Training facilities typically offer 
a variety of programs, based on the 
level of education technicians need, 
Babcock explained. Garden City 
Community College, for example, of-
fers five different one-week seminars, 
which start with basic theories of 
operations.   Garden City Community 
College’s programs pack a semester 
of learning into one week, and the 
condensed timeframe is particularly 
useful for those who are entering into 
the ammonia refrigeration industry as 
a second career, Babcock said.

   Williams said it is important for 
people to have the right expectations 
of any third-party training program. 
“Training isn’t the end of the story. 
It is a part of the process. Compa-
nies need to have a vigorous training 
program within their facility that is 
specific to the plant,” he said. “Edu-
cation starts somewhere and then you 
apply it to daily experience and then 
it becomes knowledge.”
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Re-Learning the Most 
Important Lessons

LEARNED?

LESSONost facility op-
erators believe 
that they and 
their employees 
know what 
needs to be done 

in an ammonia release situation. But 
knowing what needs to be done is very 
different than knowing you will be able 
to do what needs to be done when the 
stress of an event makes reaction time 
and clear thinking crucial.  The need for 
learning and re-learning of those lessons 
is a critical discipline. As the follow-
ing three scenarios illustrate, even the 
most experienced professionals are not 
naturally immune to the uncertainty that 
comes in the first phase of a release.

Scenario 1:  He was driving down 
the highway and suddenly noticed 
a strong smell. He asked himself, 
“What is that smell?” As the answer 
(ammonia) dawned on him, his very 
next thought was, “The only facility 
around here is mine! We have an am-
monia leak! I know I’m supposed to 
do something, what was it?”

Scenario 2:  The refrigeration 
operator got an alarm indicating a 
higher-than-normal ammonia level in 
the machine room. He hurried to the 
room and yanked the door open. An 
extremely strong smell of ammonia hit 
him and he saw a white cloud, filling 
most of the machine room.  Slamming 
the door shut, he thought, “Oh man! 
What do I do now? Who do I call?”

Scenario 3: It was a Saturday 
evening, so there were few people 
at the plant. One of the few work-
ing noticed sirens in the distance. “I 
wonder what’s going on?” he thought 
as the sirens got closer. He went back 
to his work, but just a few minutes 
later a fire truck pulled into the plant 
yard.  The fire officer jumped out of 
the truck, asking, “What’s going on?” 
The man responded, “Nothing that I 
know of.” But, the fire officer replied, 
“We got a call about an ammonia 
smell from one of your neighbors.” It 
didn’t take long to find the source of 
the release – a safety relief valve that 
was continuing to blow. “What do I 
do now?” the man thought.

There’s a common thread running 
through all of the above events – 
company personnel did not know (or 

forgot) what to do on the spot when 
an ammonia release occurred.  

Knowing what to do in an am-
monia release is important, but even 
more important is the knowledge that 
you and your personnel will act in a 
real event. That confidence is the key 
to staying in compliance with federal, 
state and local requirements, and 
hopefully to keeping everyone safe.

Some might think at first that not re-
membering what to do when an ammo-
nia release happens is not too bad. After 
all, it’s an indication of just how well 
designed, built, and operated most am-
monia systems are, that so few experi-
ence an ammonia release.  Releases are 
usually small, have little if any effect on 
company personnel, and rarely affect 
the surrounding community or environ-
ment. Yes, sometimes our industry has 
larger incident, but those are rare.

Many companies have well-devel-
oped and written emergency proce-
dures in place, their employees are 
routinely trained and local emergency 
responders know the companies’ ca-
pabilities. When an ammonia release 
does happen, it is an emergency, but 
properly trained people know what 
they’re supposed to do.  Generally, 
ammonia-release incidents go fairly 
smoothly from discovery through 
termination of the event.

However, I have seen that there are 
a surprising number of companies 
that are not adequately informed 
about what actions they should take 
in the event of an ammonia release, 
and their employees aren’t prepared 
to deal with an emergency.  

Some of the lessons we can learn 
from recent releases are:

Lesson 1: A well-maintained contact 
list is essential.

In all of the releases mentioned 
above, not knowing who to contact 
extended the time for appropri-
ate action to occur. In one case the 
primary company contact could not 
be reached, and it took valuable time 
to figure out whom else to notify. In 
the meantime the ammonia release 
continued and the ammonia spread 
off the company’s property.

There should always be a readily 
accessible, up-to-date list of who to 
contact in an emergency. And it’s best 

to have more than one contact on that 
list.  This list can shorten the time 
between discovery and taking the ap-
propriate actions.

Besides having current contacts 
within a company, you also should 
know who to contact in a timely man-
ner at the federal, state and local levels. 
It may be helpful to have a contractor’s 
contact information on that list.

Facilities and local emergency crews 
should be well-prepared for the ac-
tions they need to take.

One of the releases mentioned 
above was large, and even though the 
facility had an emergency response 
plan, there was only one person at the 
facility at the time of the release that 
was able to respond. When the local 
responders arrived, they were vol-
unteers with very limited knowledge 
about ammonia.  

Lesson 2: Determine what level of 
action your company will take in an 
event. Ideally, a company should have 
an Emergency Action Plan and an 
Emergency Response Plan.

Some of the main aspects of an 
Emergency Action Plan are:
• notification within the facility on 

discovery of a release, as well as 
proper and timely notification to 
federal, state, and local agencies;

• notification to businesses, schools, res-
idences and others near your facility;

• evacuation of and accounting for all 
persons from affected areas;

• defensive actions that may reduce the 
impact and/or spread of the release;

• coordination with local emergency 
responders.

M
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An Emergency Response Plan 
should include everything in the Ac-
tion Plan, plus:

• having sufficient personnel on-
site or readily available who are 
trained to deal with an emergency 
and have sufficient and appropri-
ate personal protective equipment 
to respond to the release;

• and having personnel trained on 
the “Incident Command System.”

An Emergency Response Plan re-
quires more planning, training, and 
equipment, but may be the better 
approach for your company, espe-
cially when local responders are not 
adequately prepared to deal with an 
ammonia release.

Lesson 3: Be sure that emergency 
drills are done regularly.

Even in the most prepared facili-
ties, this is an area that often needs 
much more attention than it gets.  It 
can be challenging to find the right 
time to do emergency drills, but 
these drills can be lifesaving.  

Fortunately in all the above men-
tioned releases no one was injured.  

Drills should be frequent enough 
that all personnel understand and 
know what they are supposed to do 
to remain safe. Learn and practice 
the actions that may be needed 
in an emergency. If you practice, 
you will develop experience and 
understanding that can help in an 
emergency even if the emergency is 
different than a scenario you were 
trained to deal with. Make emer-
gency drills a priority.  

Lesson 4: Know what incident 
reports must be completed and 
submitted.

For all of the releases I mentioned 
above, not knowing which reports 
to submit where was a common situ-
ation. The companies either forgot 
or didn’t know that reports on re-
leases are required to be submitted. 
In the United States there should be 
a follow-up incident report sent to 
state and local (typically the LEPC) 
agencies.  These follow-up reports 
may be required within 15 to 30 
days after the incident; check with 
your state to verify the timing.

For any release you should do an 

incident investigation. This inves-
tigation should include at least the 
following: determine what “re-
ally” happened; who and what was 
impacted by the release; develop 
appropriate recommendations of 
actions to take that could change or 
improve the system, training, proce-
dures, etc. to reduce or eliminate the 
possibility of a repeat incident.

The results of the investigation 
should be reviewed with all appro-
priate personnel to help them learn 
and be better prepared.

Do you know what to do when an 
ammonia release happens? Do the 
other people at your facility know 
what they are supposed to do? These 
are lessons we need to learn, and 
keep re-learning to be prepared to 
respond well if and when a release 
happens on our watch.

For additional information and 
training tools concerning an ammo-
nia release, please refer to the IIAR 
Series II, “First Thirty Minutes” 
videos and other safety publications 
available at www.iiar.org.

1-866-204-1414 
w w w. a s h w o r t h . c o m
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Planning for Piping

P R A C T I C E S

RECOM MENDED
dvances in technology have 

produced ammonia refrig-
eration piping systems 
capable of withstand-
ing dramatic climate 

changes, leading many in the industry 
to locate as much of their facilities’ 
equipment as possible on the roof, 
which is a safer alternative in the 
event of an accident than the tradi-
tional location inside the building.

While locating ammonia piping 
systems on the roof is a positive step, 
owners of ammonia refrigeration 
facilities should be diligent about 
where they place the piping and how 
it is supported. Failure to take into 
account the load-bearing capabilities 
of the support system, the compres-
sive strength of the insulation and the 
access to the valve stations could lead 
to serious issues, including potential 
safety hazards and roof damage.

It’s important to know that not 
one support system for piping fits all 
rooftops.

“It’s like the plumbing system in 
your house,” says Jared Kirkpat-
rick of MIRO Industries, Inc. which 
manufactures products for support-
ing rooftop piping systems. “The 
pipes must be at different heights for 
routing purposes. Support systems 
should also vary in size and capability 
depending on the load being carried.”

Piping systems should be installed 
with unrestricted access to the valve 
stations, which are often six to eight 
feet above the roof. Although some 
facilities have used temporary access 
such as ladders, a bucket or a stack of 
blocks to reach the valves, Kirkpatrick 
said it is safer to build a permanent 
platform that allows the worker to 
walk to the valves.

How workers will interact with the 
piping is another important con-
sideration. Will they have to climb 
over or slip under pipes to perform 
maintenance checks? Is there is a clear 
path of access and egress? Workers 
who climb over pipes risk damag-
ing the insulation. If they are forced 
to jump onto the roof after climbing 
over a section of piping, their weight 
will stress the roof membrane and the 

insulation beneath the roof. Bridges, 
crossovers and access platforms 
protect employees, piping, equip-
ment and the roof insulation.

“At a food production facility, 
somebody is on the roof almost 
every day performing mainte-
nance or checking valves. Climb-
ing over pipes that are carrying 
toxic gas is a safety hazard because 
your weight could rupture the 
pipes,” Kirkpatrick says. “Every time 
a 200-pound man jumps from two 
feet there is 400 pounds of impact 
on the roof. He’s weakening the roof 
membrane and the insulation.”

The environment and the system’s 
load-bearing capabilities should be 
considered when selecting a support 
system. Field-fabricated bases are 
often too small to transfer the load 
without damaging the insulation. 
Field-fabricated supports are usu-
ally built by the pipe installers, who 
leave them in place when the job 
is completed. These supports are sta-
ble, but their footprint is often not 
large enough to distribute the load 
at the five pounds-per-square inch 
(PSI) or below load recommended 
by the National Roof and Contrac-
tor’s Association.

“As a result, the insulation is being 
crushed and the roof membrane is 
being punctured, creating leaks and 
potential safety hazards if the support 
ever fails,” Kirkpatrick says.

Many support platforms are built 
with a wood base, which is not advis-
able for long-term use. Harsh weather 
conditions can cause the wood to 
crack and disintegrate within one 
to two years. A base constructed of 
polycarbonate and galvanized steel is 
a better, longer term, option because 
it is suited for temperatures ranging 
from minus 80 degrees to plus 240 
degrees. Rubber supports are another 
option. They are designed to carry 
specific loads for footprints from 36 
to 45 square inches.

Insulation used on most commercial 
roof assemblies is either EPS (expanded 
polystyrene) or PolyIso (polyisocyan-
urate). PolyIso has a greater load-bear-
ing capability, also called compressive 

strength, while EPS is less costly. But 
the performance levels are similar.

It is important not to exceed the 
compressive strength of the insulation 
by loading a device that is too heavy. 
Compressing the insulation creates 
dimples equal in size to the support 
base in the insulation. When it rains, 
water collects in the dimples and 
leaves puddles of water on the roof. 
“So you have this weight sitting in a 
puddle of water,” Kirkpatrick says. 
“Over time the compression continues 
to press down and you end up stretch-
ing the roof membrane.”

This problem can be prevented by 
using a larger footprint that disperses 
the load over a wider area. “By ex-
panding the area you lower the PSI,” 
Kirkpatrick says.

It’s also important to note that pip-
ing stands must be directly attached to 
the building’s structure to meet seis-
mic bracing requirements, said IIAR 
Vice President and Technical Director, 
Eric Smith.

“In these cases, it’s vital that the 
roof penetration be appropriately 
sealed and that the stands be insulated 
if necessary to prevent the formation 
of ice or water on the lower portions 
of the stands. Failure to do this could 
cause corrosion of the stands or fail-
ure of the roof and insulation. 

In the final analysis, a properly sup-
ported and located rooftop ammonia 
refrigeration piping system will pro-
tect your investment in the roof, while 
enhancing the safety of your employ-
ees and the surrounding community.

A
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IIAR2016ORLANDO
Caribe Royale A l l -Su i te  Hotel  and Convent ion  Center

THE FUTURE OF NATURAL 
REFRIGERATION BEGINS HERE
ONLINE REGISTRATION IS 
AVAILABLE NOW!
The future of natural refrigeration 
begins at the 2016 IIAR Industrial Re-
frigeration Conference & Exhibition.

Showcasing the latest equipment, 
products, services and technologies 
available in industrial and commercial 
refrigeration, this tradeshow provides 
attendees the opportunity to meet with 
hundreds of industry professionals, 
reconnect with clients and network 
with industrial refrigeration experts 
and key decision makers from around 
the world.

The 2016 IIAR Industrial Refriger-
ation Conference & Exhibition will 
be held in Orlando, FL at the Caribe 
Royale All-Suite Hotel and Convention 
Center. The Caribe Royale is located 
just minutes from some of Orlando’s fa-
mous theme parks and attractions. All 
meetings will take place at this expan-
sive state-of-the-art event facility.

The conference kicks off with the 
IIAR 2 Education Program on Sunday, 
March 20th from 1:00 pm – 5:00 pm 
(additional fees apply). The new and 
improved ANSI/IIAR 2 – Standard 
for the Safe Design of Closed-Circuit 
Ammonia Refrigeration Systems is the 
definitive design safety standard of the 
ammonia refrigeration industry. The 
IIAR 2 Education Program will in-
clude discussion on how the updated 
version of IIAR 2 compares to the old 
version of the standard, how 
it will be applied in the 
field, and the major im-
pact it will have on the 
industry today. IIAR 2 
has undergone exten-
sive revision since the 
2008 (with Adden-
dum B) edition 
was published on 
December 3, 2012. 
A major focus of 
changes made to this edition has been 
incorporating topics traditionally ad-
dressed in other codes and standards, 
new packaged system technology and 
other existing industry issues so that 
IIAR 2 can eventually serve as a single, 
comprehensive standard covering 
safe design of closed-circuit ammonia 
refrigeration systems.

Monday begins with the IIAR 
Business Meeting followed by keynote 
speaker, Dr. Joe MacInnis. Dr. Mac-
Innis is a physician-scientist, author 
and deep-sea explorer. He has led 
more than thirty expeditions into the 
Atlantic, Pacific and Arctic Oceans and 
written several books about undersea 

exploration. His work has earned him 
a number of distinctions, including his 
country’s highest honor, the Order of 
Canada. He is a leader in safety and 
exploration.

Conference highlights include the 
2.5-day acclaimed technical program, 

the expansive exhibit hall, and 
several networking and 

promotional events.
Consisting of peer-re-

viewed technical papers, 
workshops and panels, the 

IIAR technical program is the 
core of the annual IIAR show. 
There will be presentations 
on topics ranging from the 

construction of CO2 
commercial super-
market refrigera-
tion systems in Eu-

rope to expanding 
the case for air-cooled 

condensers in industrial applications. 
IIAR publishes the technical pro-

ceedings at each year’s conference and 
distributes them digitally to all confer-
ence attendees.

Growing every year and with more 
than 100 exhibitors in attendance, 
the exhibition hall will host product 
displays from leading industrial and 
commercial refrigeration manufactur-
ers and service providers from around 
the world. The exhibition also features 
Technomercial presentations. Reserved 
exclusively for exhibitors, a Techno-
mercial presentation is a targeted 30 
minute product or service demonstra-
tion which highlights a company’s new 
or existing technologies.

159653_IIAR_CondSpreadAlt.indd   1 12/3/15   8:22 AM
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Exclusive to the IIAR conference 
this year will be the annual Monday 
night networking event to be held at 
CityWalk® Orlando. This event, which 
replaces the traditional Monday night 
banquet, will be a huge bash that fills 
three different clubs in Universal  
CityWalk® at Universal Orlando®  
Resort. Take a trip to New Orle-
ans at Pat O’Brien’s® where it’s 

IIAR2016ORLANDO
Caribe Royale A l l -Su i te  Hotel  and Conven t ion  Center O r l a n d o ,  F l o r i d a   •   M a rc h  2 0 – 2 3   •   w w w . i i a r . o rg

Mardi Gras 365 days a year, explore 
the home of the king of reggae at Bob 
Marley–A Tribute to FreedomSM, and 
take the stage at CityWalk’s Rising Star 
karaoke nightclub. It’s an entire evening 
of excitement which frees you up to 
connect with your peers, discuss busi-
ness in an informal setting and make 
new contacts.

The future of natural refrigeration 
starts here. To learn more about the 
IIAR conference, go to www.iiar.org. 

AT A GLANCE

What: IIAR Industrial 
Refrigeration Conference & 
Exhibition

Where: Caribe Royale All-Suite 
Hotel and Convention Center

When: March 20-23, 2016

IIAR 2 EDUCATION  
PROGRAM 
March 20th, 2016 
1:00 pm – 5:00 pm
Program Fee: $375.00

IIAR TECHNICAL  
PROGRAM INCLUDES:

• Simultaneous Interpretation 
in Spanish for all English 
presentations

• Simultaneous Interpretation in 
English for all  
International presentations

• Emerging CO2 Technologies

• Extensive International 
Program

• PSM and RMP presentations

• Regulatory Updates

• And much more…

Online registration in  
now available, simply 
log on to www.iiar.org/
events to register. Take 
advantage of our early 
bird rates now through 
February 5, 2016.

159653_IIAR_CondSpreadAlt.indd   2 12/3/15   8:22 AM
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BY LOWELL RANDEL, IIAR GOVERNMENT RELATIONS DIRECTOR

RELATIONSgovernment

EPA Proposes Rule to  
Strengthen Refrigerant  
Management Requirements

n November 9, 
2015, the Envi-
ronmental Pro-
tection Agency 
(EPA) published 

a Notice of Pro-
posed Rulemaking 

entitled “Protection of Stratospheric 
Ozone: Update to the Refrigerant 
Management Requirements under 
Section 608 of the Clean Air Act.”  

Section 608 of the Clean Air Act 
requires EPA to regulate the use and 
disposal of ozone-depleting substances 
(ODS) in such a way to reduce the use 
and emissions of such substances and 
maximize the recapturing and recy-
cling of such substances.  Section 608 
also prohibits any person from know-
ingly venting, releasing, or disposing 
into the environment any ozone-
depleting or substitute refrigerant in 
the course of maintaining, servicing, 
repairing, or disposing of air-condi-
tioning or refrigeration appliances or 
industrial process refrigeration (IPR).  

The proposed rule is another step 
towards implementing the Obama 
Administration’s Climate Action Plan 
which is designed to cut carbon pollu-
tion and reduce the use and emissions 
of substances that deplete the ozone 
and contribute to global warming.  

EPA has stated that it has three 
goals for this rulemaking.  The first 
is to protect the stratospheric ozone 
layer by reducing emissions of ozone-

depleting substances. The second is to 
protect the climate system by reducing 
emissions of other refrigerant gases 
with high global warming potential 
(GWP). EPA’s third goal with this 
proposed rule is to improve the clarity 
and effectiveness of the regulations.  

Current EPA regulations require 
that persons servicing or disposing 
of air-conditioning and refrigeration 
equipment observe certain service 

practices that reduce emissions of 
ozone-depleting refrigerant. Through 
this proposed rule, EPA is seeking to 
update existing requirements as well 
as extending them to non-ozone-de-
pleting substitute refrigerants, such as 
hydrofluorocarbons (HFCs).  

The proposed updates include 
strengthening leak repair require-
ments, establishing recordkeeping 
requirements for the disposal of appli-
ances containing five to 50 pounds of 
refrigerant, changes to the technician 
certification program and changes for 
improved readability, compliance and 
restructuring of the requirements.

This proposed rule would also more 
fully implement the prohibition under 
section 608 of the Clean Air Act 
against knowingly venting, releasing 
or disposing of ozone-depleting and 
substitute refrigerants. It would ac-
complish this by updating the existing 
requirements under section 608 that 
currently apply to ozone-depleting 
(ODS) refrigerants and then extending 

them to non-ozone-depleting substi-
tute refrigerants, such as HFCs.

The existing regulations require that 
persons servicing or disposing of air 
conditioning and refrigeration equip-
ment observe certain service practices 
that reduce emissions of ozone-de-
pleting refrigerant. Specifically, these 
provisions include:

• requiring that technicians be certi-
fied to work on appliances;

• restricting the sale of refrigerant to 
certified technicians;

• specifying the proper evacuation lev-
els before opening up an appliance 
and requiring the use of certified 
refrigerant recovery and/or recycling 
equipment;

• requiring the maintenance and re-
pair of appliances that meet certain 
size and leak-rate thresholds;

• requiring that ozone-depleting 
refrigerants be removed from appli-
ances prior to disposal;

• requiring that air conditioning and 
refrigeration equipment be provided 
with a servicing aperture or process 
stub to facilitate refrigerant recovery;

• requiring that refrigerant reclaimers 
be certified in order to reclaim and 
sell used refrigerant;

• establishing standards for techni-
cian certification programs, recovery 
equipment and quality of reclaimed 
refrigerant.

This rule proposes to update the 
existing requirements that currently 
apply to ozone-depleting refriger-
ants and extend those requirements 
to non-ozone-depleting substitute 
refrigerants, including but not limited 
to hydrofluorocarbons (HFCs) and 
perfluorocarbons (PFCs).

   EPA is also proposing changes to 
the National Recycling and Emission 
Reduction Program. Some of these 

continued on page 28

Through this proposed rule, EPA is  
seeking to update existing requirements 
as well as extending them to non-ozone-
depleting substitute refrigerants, such  
as hydrofluorocarbons (HFCs).
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RELATIONS
government EPA Proposes Rule to Strengthen  

Refrigerant Management Requirements

changes are intended to strengthen 
the existing program, in particular 
by requiring a number of industry 
best practices. Others are intended to 
extend the regulations to HFCs and 
other substitutes for ODS. The major 
regulatory changes proposed are:

• extending the requirements of the 
Refrigerant Management Program to 
cover substitute refrigerants, such as 
hydrofluorocarbons (HFCs). (Note 
that some substitutes, including am-
monia, have already been exempted 
from the section 608 venting prohibi-
tion as provided for under section 608 
in previous EPA rules; such substitutes 

would also be exempted from the re-
quirements under this proposed rule.);

• requiring technicians to keep a re-
cord of refrigerant recovered during 
system disposal from systems with 
a charge size from 5 to 50 lbs. This 
would apply to both ODS and non-
ODS refrigerants.

• lowering the leak-rate threshold 
above which owner/operators of 
refrigeration and air-conditioning 
equipment normally containing 50 
pounds or more of refrigerant must 
repair leaks, as follows:

• lower from 35 percent to 20 percent 
for industrial process refrigeration 
(IPR) and commercial refrigeration 
equipment;

• lower from 15 percent to 10 percent 
for comfort cooling equipment.

• requiring regular leak inspections 
or continuous monitoring devices 
for refrigeration/air conditioning 
systems as follows:

• annual inspections for systems nor-
mally containing 50 pounds or more 
of refrigerant;

• quarterly inspections for commer-
cial refrigeration and IPR systems 
normally containing 500 pounds or 
more of refrigerant;

• prohibiting operation of systems 
normally containing 50 pounds or 
more of refrigerant that have leaked 
75 percent or more of their full 
charge for two consecutive years;

• allowing the purchase of cans con-
taining two pounds or less of non-
ODS refrigerant for motor vehicle 
air conditioner servicing without 
technician certification so long as 
the small cans have a self-sealing 
valve to reduce refrigerant releases;

• requiring that certifying organizations 
publish lists or create online databases 
of technicians that they certify;

• updating the technician certification 
test bank with more questions on 
handling substitutes, including flam-
mable substitute refrigerants, and 
on the impacts of climate change.

It is important to note that certain 
refrigerants, including ammonia, are 
currently exempted from the require-
ments of Section 608. EPA has stated 
that it will continue to exempt through 
regulation certain substitutes from the 
venting prohibition, and the other safe 
handling provisions, based on a de-
termination that their release does not 
pose a threat to the environment.

This is the case in the current 
regulations, for instance, with all ap-
proved uses of hydrocarbon refriger-
ants, ammonia, and carbon dioxide.  
EPA is not proposing in this rulemak-
ing to extend any of the requirements 
under section 608, including the tech-
nician certification program and the 
sales restriction, to refrigerants that 
are exempt from the statutory venting 
prohibition (CO2, hydrocarbons in 

certain SNAP-approved applications, 
ammonia, etc.). The current list of 
exempted refrigerants is:

• carbon dioxide in any application;

• nitrogen in any application;

• water in any application;

• ammonia in commercial or indus-
trial process refrigeration or in 
absorption units;

• chlorine in industrial process refrig-
eration (processing of chlorine and 
chlorine compounds);

• hydrocarbons in industrial  
process refrigeration (processing  
of hydrocarbons);

• ethane (R–170) in very low tem-
perature refrigeration equipment 
and equipment for non-mechanical 
heat transfer;

• propane (R–290) in retail food refrig-
erators and freezers (stand-alone units 
only), household refrigerators, freez-
ers, and combination refrigerators 
and freezers, self-contained room air 
conditioners for residential and light 
commercial air-conditioning, heat 
pumps and vending machines;

• isobutane (R–600a) in retail food re-
frigerators and freezers (stand-alone 
units only) and vending machines;

• R–441A in retail food refrigera-
tors and freezers (stand-alone units 
only), self-contained room air 
conditioners for residential and light 
commercial air-conditioning, heat 
pumps, and vending machines.

While ammonia would not be 
subject to the updated requirements in 
the proposed rule, it is important for 
members to be aware of the proposed 
changes.

The full text of the proposal and ad-
ditional information about the Section 
608 program can be found at: http://
www2.epa.gov/snap/608-proposal.  
Public comments on the proposed rule 
must be received on or before Janu-
ary 8, 2016. To submit comments, 
you can use the Federal eRulemaking 
Portal at http://www.regulations.gov 
and file them under Docket ID No. 
EPA–HQ–OAR–2015–0453.

While ammonia would not be subject to the 
updated requirements in the proposed rule, 
it is important for members to be aware of 
the proposed changes.
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A Preview of Upcoming  
Model Codes

odes march on…  Dif-
ficult as it may seem 
to believe, the 2018 
editions of some model 
codes are already well 

on their way to completion.  The 2018 
International Mechanical Code is already 
completed, pending final ratification of 

recommended changes by members of 
the International Code Council.  Recom-
mended changes to the 2018 editions of 
the International Fire Code, NFPA 1 Fire 
Code and Uniform Mechanical Codes 
will have begun processing prior to pub-
lication of this article.

IIAR’s overall objective with re-
spect to model codes continues to 
be facilitating coordination between 
model codes, ASHRAE 15 and IIAR 2 
with the intent of positively influencing 
model codes with respect to treatment 
of ammonia refrigeration.  We have 
had much success in that regard, which 
I’ve documented in previous articles.  

The rewrite of IIAR 2, along with 
IIAR’s new suite of standards that are 
focused exclusively ammonia refrig-
eration, has firmly established IIAR 
as the leading international standards 
development organization (SDO) 
representing the interest of the ammo-
nia refrigeration industry.  As a result, 
our focus on coordinating model codes 
with IIAR’s standards, and gaining for-
mal adoption of these standards, has 
intensified.  Getting IIAR’s standards 

recognized and adopted by model 
codes is an essential step towards hav-
ing IIAR’s industry experts assume the 
primary role in establishing regulations 
that govern ammonia refrigeration.  

With this in mind, a summary of 
our more significant accomplishments 
with the 2018 IMC and other model 

codes is presented below.  
2018 IMC (pending final member-

ship ratification):
Changed the definition of “Machin-

ery Room” and associated provisions 
to clarify that spaces must only meet 
machinery room construction require-
ments when the machinery room is 
required by code.  Accordingly, spaces 
that contain limited machinery that 
does not trigger a machinery room 
requirement, are clearly not required 
to be constructed as machinery rooms 
simply because some ammonia ma-
chinery happens to be present. 

Changed machinery room door 
requirements to make it clear that only 
doors serving as a means of egress are 
required to swing outwards from the 
machinery room.  Previous code text 
suggested that all doors leading out of 
a machinery room were required to 
swing out from the machinery room, 
even if they led to a control room, elec-
trical room or other space that was not 
part of the intended egress path.

IIAR 3, IIAR 4 and IIAR 5 were ad-
opted as official, enforceable reference 

standards.
Added an allowance for “low-proba-

bility pumps” to be located outside of a 
machinery room in refrigerated indus-
trial process and storage areas.  This 
coordinates with provisions that were 
added to the 2014 edition of IIAR 2.

Deleted an outdated provision that 
related to providing a minimum of 
100 square feet of floor space per 
occupant in refrigerated industrial 
process and storage areas.

Added two new exceptions to the 
requirement to provide ammonia refrig-
erant leak detection in refrigerated in-
dustrial process and storage areas.  The 
exceptions allow omission of leak detec-
tion where: 1) A space is unoccupied 
and contains only continuous piping 
that does not include valves, valve as-
semblies, equipment, or equipment con-
nections, or 2) Approved alternatives 
are provided for rooms or areas that 
are always occupied, and for rooms or 
areas that have high humidity or other 
harsh environmental conditions that are 
incompatible with detection devices.

Eliminated vague restrictions on 
permissible locations of refrigerant 
piping in buildings.

NFPA 1 Fire Code (pending further 
public comment and membership 
ratification):

IIAR 6 and IIAR 8 were recom-
mended for adoption as official, 
enforceable reference standards. 

Coordinated the requirements for 
refrigerant detection alarm and venti-
lation initiation with the new provi-
sions in IIAR 2-2014, which are 25 
ppm and 150 ppm, respectively.

UMC and IFC (processes begin 
January 2016)

IIAR proposals to gain adoption 
of IIAR standards and coordinate 
requirements with IIAR 2-2014 will 
be processed.

National Electric Code (NEC): In 
addition to model fire, building and 

C
IIAR’s overall objective with respect to  
model codes continues to be facilitating  
coordination between model codes,  
ASHRAE 15 and IIAR 2 with the intent of  
positively influencing model codes with  
respect to treatment of ammonia refrigeration.

continued on page 32
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mechanical code advocacy, IIAR has 
also been advocating a change to the 
NEC that would eliminate a long-
standing requirement to provide venti-
lation in refrigerated industrial process 
and storage areas where such areas 
are not designated as Class I, Division 
2 hazardous (classified) locations.  It 
is well understood and agreed by all 
that this requirement should apply to 
ammonia machinery rooms, but the 
NEC text, literally interpreted, extends 
this requirement to also include pro-
cess and storage areas of refrigerated 
industrial facilities.  Of course, provid-
ing emergency ventilation systems or 
Class I, Division 2 electrical equipment 

in these areas has never been industry 
practice, but the NEC text has pre-
sented a potential “gotcha” that is best 
eliminated.  After two meetings with 
the committee that governs this por-
tion of the NEC, IIAR has gained the 
committee’s support of a change that 
fixes this issue.  The final vote on this 
change will be in June 2016 at NFPA’s 
annual conference.

Development of model codes and 
standards is an ongoing activity that 
involves many dedicated IIAR mem-
ber volunteers serving on the IIAR 
Code Committee and IIAR Standards 
Committee.  Individuals who serve on 
these committees as representatives 
of the membership help to identify 
and respond to issues of concern to 
the industry and play a key role in 
directing future changes, such as those 
described above, many or all of which 
can be expected to appear in upcom-
ing editions of model codes.

REFRIGERATION CONTROL SYSTEMS 
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Development of model 
codes and standards is 
an ongoing activity that 
involves many dedicated 
IIAR member volunteers 
serving on the IIAR Code 
Committee and IIAR 
Standards Committee.
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EB INARPressure Vessel  
Replacement  
Considerations

W
hen it’s time to 
replace a pressure 
vessel on a closed-
circuit ammonia re-
frigeration system, 
considerations such 

as facility design, installation, opera-
tion, and maintenance can help opera-
tors determine what to purchase.

To help owners and designers, 
including a site’s in-house refrigera-
tion operators and technicians, in 
their decision-making process, Tony 

Lundell, Director of Standards and 
Safety at IIAR, hosted a webinar on 
the subject, covering several questions 
that they should ask themselves when 
evaluating their specific needs.

“Overall, these pressure vessel 
replacement considerations will help 
in your review to achieve a safe design 
while getting the most integrity for the 
least cost,” Lundell said, adding that 
the considerations can also improve 
communications with manufacturers 
and help in defining the equipment-
specification requirements that are 
needed now as well as in the future.

Lundell said the most critical 
issue for a safe design is for owners 
to ensure that the pressure, temper-
ature and capacity of their replace-
ment vessel meets or exceeds what 
the vessel will need to handle in both 
the short term and long term.

“Keep in mind, if you’re going to 
reuse the vessel, plan now to have 
it ready for the long-range pressure 
and low-temperature requirements 
for the future system since it is going 
to be considered for another sys-
tem in a few years down the road,” 
Lundell said.

“Another consideration is the size, 
type and quantity of nozzle connec-
tions on the replacement pressure 
vessel for overpressure relief protec-
tion. You want to make sure you have The most critical  

issue for a safe design 
is for operators to  
ensure that the  
pressure, temperature 
and capacity of their 
replacement vessel 
meets or exceeds 
what the vessel  
will need to handle  
in both the short  
term and long term.
Tony Lundell, director of safety  
and standards at IIAR
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enough nozzle capacity for pressure 
relief discharge flow to protect the 
vessel that you are going to oper-
ate the system at in the future on the 
long-range plan and, of course, on the 
short-range plan.”

Having the replacement vessel sized 
and installed now for both present 
and future loads is better than paying 
for another vessel and its associ-
ated installation costs later, Lundell 
explained. “Avoid putting a vessel in 
now and then five years later, due to 
production load changes, be forced 
to replace the vessel in order to meet 

new and different safe design require-
ments. This would be an added ex-
pense that can be avoided with proper 
long-range planning,” Lundell said.

During the webinar, Lundell 
covered 12 specific pressure vessel 
replacement considerations. They are:

How long will this replacement 
pressure vessel need to operate once 
installed?

What is the minimum design pres-
sure and the lowest operating temper-
ature of the system that the replace-
ment pressure vessel will be operating 
under once installed?

Will this new pressure vessel be 
considered for future use on a differ-
ent system that has a higher minimum 
design pressure and/or a lower operat-
ing temperature?

Will this new pressure vessel be 
carbon steel and/or subject to an envi-
ronment that could result in external 
corrosion?

Should you install a horizontal or 
vertical replacement pressure vessel?

Should the heads of the pressure 
vessel be hot-formed or stress-relieved 
after cold-forming?

What size, type and how many 
vessel nozzle connections should be 
installed for over-pressure relief pro-
tection?

Should a new pressure vessel be 
dual-stamped when purchased?

What information will be provided 
on the pressure vessel nameplate?

Should Non-Destructive Testing 
inspection ports be installed now, 
when it is being insulated, so they are 
available for the first NDT testing?

Does the pressure vessel need to be 
insulated?

When the pressure vessel is shipped, 
do you need to assure it is internally 
and externally protected?

Lundell offered insight into each of 
the considerations during the webinar, 
which members can access via the 
IIAR member website in the member’s 
only section.
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“I’d hate to have  
you put a vessel in 
and then five years 
later, production 
changes or the site 
changes and the 
vessel will not meet 
the requirements, 
and you have to  
replace it with a 
different vessel.”
Tony Lundell, director of safety  
and standards at IIAR
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Eliminating Vapor Drive

E
nergy represents the 
second greatest cost 
in industrial ammonia 
refrigeration, and a 
compromised vapor 
barrier is a significant 

contributor to energy losses.
Facilities often fight a losing battle 

against vapor drive and air infiltration 
and sealing the building envelope can 
produce significant savings. It comes 
as no surprise that efficiency is directly 
related to a facility’s ability to control 
vapor drive and air infiltration.

When the vapor barrier is compro-
mised, warm, moist air flows over the 

tops of walls, seeps in from loading 
docks and creeps between the freezer, 
cooler and battery rooms. The result-
ing vapor drive and air infiltration can 
mean an increase in energy costs of 
nearly 20 percent.

A 500,000 square-foot distribution 
center with an average monthly elec-
tric bill of $100,000 could save nearly 
$250,000 per year by sealing the 
building envelope. Not only does the 
facility run more efficiently, but there 
are also savings in labor costs that are 
incurred when employees are hired to 
remove ice and condensation.

“The biggest benefit from a prop-
erly sealed building envelope is on 
the bottom line,” says Eric Finnerty, 
president of Vapor Armour, Inc. “I 
can’t stress enough the potential  cost 
reduction in your operation. Imagine 
that you’re trying to cool a 100,000 
square-foot freezer section and warm 
air is leaking in from the outside. It’s 
like running your air conditioner at 
home with the windows open.”

Additional costs are incurred with 
the energy needed for defrosting.

The build-up of ice and condensa-
tion is a universal issue with cold 
storage facilities. Moisture leads to 
the corrosion of pipes, which, if left 
unchecked, can cause a hazardous 
situation. It also creates a breeding 
ground for microbes that in the food 
industry results in risk of contamina-
tion and product recalls.

Despite the obvious benefits of main-
taining a vapor-tight facility, the am-
monia refrigeration industry has been 
slow to embrace new technology that 
can retrofit existing facilities to create 
tighter building envelopes and vapor 

barriers. For many years, certain levels 
of vapor drive and air infiltration were 
considered unavoidable, and the loss 
in energy efficiency was seen simply as 
the cost of doing business.

But that attitude is changing, and 
not solely because of technological 
advances. The Food Safety Moderniza-
tion Act (FSMA) that took effect in 
September requires that facilities elimi-
nate condensation and ice from com-
ing into contact with food products. 

“This is a huge issue that is about 
to affect the industry. Now you have 
a government agency getting ready to 
come in and inspect your facility for 
ice and condensation,” Finnerty says. 
“Not only is there the energy efficien-
cy benefit from sealing the building 
envelope, but there is now the con-
tamination issue. Sealing the building 
envelope and eliminating vapor drive 
is more important than ever.”

The return on investment for retro-
fitting an existing facility is typically 
five years, according to Finnerty. So 

how should facilities address the issue 
of vapor drive and air infiltration?

Finnerty says the first step is to con-
duct a forensic evaluation of a facility. 
The steady increase of energy consump-
tion needed to maintain temperature 
is a sign of vapor drive, which is the 
movement of humid air from one loca-
tion to another. But the source of the 
issue is often hidden. Once the source is 
identified, a plan can be set in motion to 
seal the building and eliminate the ice.

“A vapor barrier system in a con-
trolled environment is the most impor-
tant part of the building when it comes 
to reducing energy usage,” Finnerty 
says. “With advances in technology, 
we have materials available that elimi-
nate vapor drive from happening.”

And advanced cold storage door 
technology is now able to combine 
the insulating and sealing qualities of 
hard-core doors with the fast action 
of high-speed doors.

Thick, flexible foam core panels 
are better able to withstand impact 
and have a sufficient R-value to make 
defrosting unnecessary.

On the mechanical side, faster open-
ing rolling doors with more effective 
perimeter seals have been developed.

With any system, a facility should 
research the investment and long-term 
costs as well as conduct a thorough 
energy analysis.

Facilities that have ice or a con-
tamination problem should search out 
the new technologies that specifically 
address building envelopes and vapor 
barrier issues. “I’ve seen this problem 
in facility after facility for 25 years. 
The energy savings with a properly 
sealed envelope is staggering. Now 
the federal government is becoming 
involved, which ups the ante.”

A 500,000 square-foot distribution center 
with an average monthly electric bill of 
$100,000 would save nearly $250,000 per 
year by sealing the building envelope.
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REFRIGERANT  
CHARGE REDUCTION: 
STRATEGIES AND  
RESULTS IN BUILDING 
ULTRA LOW CHARGED 
AMMONIA SYSTEMS
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AIR CONDITIONING AND REFRIGERATION CENTER UNIVERSITY OF ILLINOIS,  
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ABSTRACT 
This paper presents an overview of 
the reasons for charge reduction in 
air conditioning and refrigeration 
systems and discusses strategies 
for charge reduction: in compres-
sors (oil), vessels, pipes, and heat 
exchangers.  The focus is on heat 
exchangers, microchannel in particu-
lar.  In addition to a trivial reduction 
of internal volume as a strategy for 
charge reduction, the effect of mass 
flux on void fraction and needed 
manipulation of circuiting is pre-
sented.  A framework and example 
of comparison between refrigerants 
based on their potential for low 
condenser charge is provided. 

1. INTRODUCTION 
This paper presents the issues 
related to refrigerant charge reduc-
tion in following parts:

1. Reasons for charge  
reduction in general

2. Strategies, specifically in  
heat exchanger, microchannel  
in particular

3. Evaluation of potential  
for charge reduction in  
various refrigerants

4. Examples of extremely low 
charged ammonia chillers 

2. REASONS FOR  
CHARGE REDUCTION:
Reduction of refrigerant charge is 
attractive for any refrigerant for 
several reasons:

• Low charge may expand the 
possibilities for some very good 
refrigerants (based on high cycle 
efficiency, high heat transfer/pres-
sure drop performance, etc.) in 
areas and locations where either 
these fluids are totally restricted 
or only allowed in limited quan-
tities due to flammability or 
toxicity issues.  This is particu-
larly true for fluids like ammonia 
and hydrocarbons which in some 
applications and locations are 
already accepted below certain 
levels (typically 150 kg for NH3 
and 150 or 50 g for HCs).

• System efficiency could be in-
creased in cycling when refriger-
ant migration in off periods is 
significant.

• Direct environmental effects (lim-
ited importance for ammonia or 

hydrocarbons) are reduced: ozone 
depleting issues if any, global 
warming issues, etc… especially 
in the case of catastrophic leaks.

• Reduction of the first costs for 
refrigerant and lubricant expenses 
(not very important for ammonia 
or hydrocarbons since they are 
very inexpensive). 

POSSIBLE DRAWBACKS  
OF LOW CHARGE:

Reducing charge beyond some 
point could result in problems in 
operation such as: 

• If receiver is inadequate, then 
small leaks will result in insuf-
ficient charge thus reducing 
performance.

• If charge reduction is achieved by 
reducing the hydraulic diameter 
of pipes too severely, then pres-
sure drops and flashing may affect 
efficiency and perhaps capacity.

• Reduced reliability of pumps (if 
present) due to possible vapor 
entrainment and cavitation.
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STRATEGIES FOR CHARGE  
REDUCTION IN THE SYSTEMS  
AND HEAT EXCHANGERS

1. The first and almost trivial options 
for charge reduction is to add 
a loop with another fluid in the 
refrigeration system and in that 
way reduce the primary refriger-
ant charge.  These options could 
be either cascades or secondary 
refrigerant loops which actu-
ally turn a refrigeration system 
into a chiller with either single 
or two phase secondary refriger-
ants.  These options were, and are, 
very popular for their simplicity. 
Refrigerant in the primary (or 
only) system is in each compo-
nent: compressor, vessel(s), liquid, 
two phase and suction lines, and 
finally, heat exchangers.  

2. Reduction of liquid quantities in 
vessels can be achieved by reduc-
ing their volume and liquid levels 
and sometimes orientation. 

3. Reducing refrigerant charge in 
compressor by a) reducing the 
internal volume b) reducing the 
quantity of lubricant and c) reduc-
ing refrigerant solubility (if reason-
able).  Needless to say, reduction of 
the volume on the high side yields 
greater results than on the suction 
due to density difference.  A part of 
lubricant charge in the compressor 
is a function of refrigerant charge 
in the system to allow for oil reten-
tion in the system.  

4. Reduction of the refrigerant charge 
in pipes is typically achieved by 
reducing internal volume (diameter 
and possibly even length).  Reduc-
tion of diameter results in increased 
pressure drops.  Pressure drops in 
liquid lines do not affect the system 
performance but can cause non-
desirable flashing which affects the 
operation of flow controllers.  Pres-
sure drops in suction lines affect 
system efficiency and therefore may 
not be advisable.   

5. The most attractive and important 
strategy is to reduce the charge in 
heat exchangers and that will be 
our main focus.  Reduction of re-
frigerant charge in heat exchangers 
is always related to a reduction in 

internal volume. One must be care-
ful to balance the adverse effects 
regarding either increased pressure 
drop or reduced heat transferred.  

STRATEGIES FOR CHARGE REDUCTION 
IN HEAT EXCHANGERS
Almost every refrigerant inventory 
reduction strategy is related to reduc-
tion of internal volume.  We should 
not forget that the internal volume 
of heat exchangers is typically deter-
mined in the desing phase based on 
the heat transfer area needed for the 
main purpose: heat transfer, pipe size 
and circuiting based on the target 
pressure drop.  It is a great advan-
tage that reduction of the volume is 
proportional to the channel (pipe) 
diameter squared while the heat 
transfer area is a linear function of 
the diameter. Typically consequence 
of the diameter reductoion is pres-
sure increase that can me mitigated by 
increasing number of parallel circuits.  
Nevertheless, reduction of the internal 
volume is just one, relatively trivial, 
path to reaching the objective.  

In the cases of spray evaporators, 
significant charge reductions were 
achieved compared to shell and tube 
even for the same volume.  

To provide sufficient capacity with 
in-tube flow heat exchangers, it is 
necessary to provide a refrigerant flow 
that is inversely related to the latent 
heat of vaporization (hfg).  Therefore, 
refrigerants with larger values latent 
heats will have lower mass flow rates 
for the same capacity and all else 
being equal, consequence is lower 
pressure drop compared to those that 
require higher flow rate. These lower 
pressure drops may then allow for 
smaller diameter tubes to be utilized.  
We should not forget that ammonia 
has very high latent heat of vaporiza-
tion compared to other refrigerats but 
also very light vapor that increases in 
tube velocity for the same mass flux.  

Heat transfer effects of the charge 
reduction strategies are related to 
refrigerant side heat transfer.  Higher 
heat transfer coefficients mean that 
smaller surfaces are required for a 
given duty.  The effect of refrigerant 
heat transfer coefficient is greater for 
heat exchangers where the refrigerant 

side is a relatively large component 
of the total heat transfer resistance.  
As an example, charge is easier to be 
minimized in heat exchangers like 
water cooled condensers or chiller 
evaporators where water, rather than 
air, is heated or cooled.  This is be-
cause a greater heat transfer area is re-
quired for a given capacity in the case 
of a heat exchanger with air due to its 
lower overall heat transfer coefficient.  

In addition, those refrigerants that 
allow flow regimes that are better for 
heat transfer (annular or intermittent 
in evaporation or mist in condensa-
tion) or geometries that stimulate such 
flow regimes (i.e. microfins) will pro-
vide better opportunities for change 
reduction.  Whether these opportuni-
ties will be realized is a function the 
adequacy of the design. 

As already said, every reduction of 
internal diameter, with everything else 
being the same will increase pres-
sure drop.   The option to reduce the 
pressure drop in the same diameter 
tube with the same fluid is to reduce 
the length of the tube or decrease flow 
through the tube.  This drives heat 
exchanger design towards parallel 
flows of small diameter tubes with the 
shortest possible circuits.  That indi-
cates a parallel heat exchanger design 
with single pass as an asymptote.

Nevertheless, the reality is more 
complex than this straight forward 
direction.  The main goal should be 
to optimize system COP for a given 
mass flow by working on the balance 
between heat transfer and pressure 
drop.  A fine discussion of this subject 
was given by Cavallini, 2011.   

When calculating the refrigerant 
charge in a heat exchanger, engi-
neers typically use void fraction, c 
(c=Vapor volume/(Vapor+Liquid 
Volumes)) as a main variable. Figure 
1 presents the relationship between 
R134a and void fraction in a micro-
channel tube (Nino et. al. 2002). 

Void fraction is a misnomer.  There 
are no voids in any heat exchanger.  
Better name would be “vapor volume 
fraction”.  Even more, we are interested 
not in vapor but instead on liquid be-
cause liquid carries the mass of refriger-
ant which we are trying to reduce:
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It is very important to have in mind 
that the void fraction is a function of 
mass flux (this fact even some void 
fraction correlations neglect).  This 
relationship is a very important tool 
when designing to reduce refriger-
ant charge.  The trend is the same as 
discussed above: reduction in diam-
eter increases mass flux and increases 
void fraction, consequently reducing 
charge.  This trend was shown in the 
graph shown in Figure 1.

There is a practical difficulty when 
following the strategy described 
above.  When a higher capacity of a 
heat exchanger is desired, the number 
of parallel passes increases; conse-
quently the headers where channel 
flows will merge are becoming larger.  
Flow regimes in headers are less well 
described and much less predictable, 
and typically void fractions are lower 
in header than in tubes.    

Probably the best known low 
charge heat exchangers based on 
reduction of internal volume are of 

the microchannel type.  They offer ex-
tremely low charge (less than 10 g/kW 
even for air on the other side), unless 
the headers are designed incorrectly.  
Hrnjak and Litch (2001) reported 
charges of 18 g/kW for a 15 kW air 
cooled microchannel ammonia chiller 
with a condenser charge of 6 g/kW.  
Traeger and Hrnjak (2005) reported 
an R290 system with 8-10 g of charge 
in a 1kW serpentine microchannel 
evaporator.  There are some micro-
channel heat exchanger designs with 
water as the fluid on the other side 
(see Palm, 2009).  

Other effective low charge heat 
exchangers are the plate type.  They 
are better known in chiller applica-
tions and are typically made of stain-
less steel which is either brazed with 
copper or nickel or else are gasketed.  
Similar variations are becoming more 
common in plate and shell designs.  
Plate heat exchangers with air on the 
other side are predominantly used in 
automotive a/c systems as evapora-

tors.  Typical refrigerant charges 
in larger heat exchangers (Pearson, 
2003) are 1kg/kW, 0.5kg/kW, and 
0.25kg/kW for shell and tube, plate, 
and gravity fed plate heat exchangers, 
respectively.

Z. Ayub, (1996) reports on low 
charges (54 g/kW) in large spray 
evaporators for ammonia (4MW). 

MASS FLUX EFFECTS ON CHARGE RE-
DUCTION IN HEAT EXCHANGERS 
Even though void fraction has been 
studied extensively [see Zivi, (1964), 
Butterworth, (1975), Newell, (1999), 
Adams et al., (2003) & (2006), etc.] 
mass flux effects were not always 
considered. Typically, for a given fluid 
and local quality, increase of the mass 
or heat flux affect flow regimes in a 
way that increases void fraction thus 
reducing charge.

Nino, Hrnjak, and Newell, (2002) 
showed the effect of mass flux on the 
void fraction for R134a in microchan-
nel tubes (Figure 1), while Adams, 
Hrnjak, and Newell, (2003) shed 
some light on void fraction for ammo-
nia (shown in Figure 2 and 3), carbon 
dioxide, and R245fa in microchan-
nels. Figures 2 and 3 present void 
fraction as a function of quality for 
three mass fluxes, along with correla-
tion predictions from the homogenous 

Fig. 1
Void fraction: relationship, concept, and  
some values (mass flux 100 kg/m2s = 2.3 oz/in2s)
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and Nino et al., (2002) models. It is 
obvious, despite some scattering of 
experimental data that higher mass 
fluxes result in higher void fractions 
(reduced refrigerant charges).  Photos 
in Figures 4, 5, and 6 [from Niño, 
Hrnjak, & Newell, (2002)] provide 
visual evidence of the same trend, 
in transparent microchannels, for 
R134a, R410A, and air-water (whose 
fluid flow resembles ammonia).  The 
same conclusion holds for tubes of 
larger diameter even not presented 
here.  

It is clear from experimental data 
and the photographs that increase in 
mass flux reduces the charge (increase 
void fraction).

ANALYSIS OF CHARGE IN SOME  
REFRIGERANTS INDICATES AMMONIA 
HAS EXCELLENT POTENTIAL  
FOR REDUCTION 
As discussed previously, it is clear 
that low charge is beneficial for every 
refrigerant in every application. 

Comparisons of refrigerants based 
on their efficiency are common.  The 
basis for efficiency comparison is cycle 
analysis (typically Rankine or Evans-
Perkins) using thermophysical proper-

ties.  Cycle analysis involves signifi-
cant simplification that could be even 
misleading in some cases.  It does not 
include realities of the heat exchanger 
(heat transfer, pressure drops, power 
for air or water movers, etc.).  That 
approach is based on thermodynamics 
and is accepted as a first approxima-
tion in the comparative analysis.  

It would be interesting to know 
whether refrigerants can be compared 
based on their potential for charge 
reduction.  We will try to present here 
the concept to compare refrigerants 
based on their potential for charge 
reduction in heat exchangers and 
illustrate it with an example.  The 
concept is in principle based on as-
sumption that refrigerant which is less 
sensitive to reduction of internal vol-
ume and has less (high void fraction) 
and lighter (lower density) liquid has 
greater potential for charge reduction. 
The sensitivity to reduction of inter-
nal volume is defined by reduction of 
COP due to pressure drop.  Pressure 
drop is a function mostly of mass flow 
rate determined by (available) por-
tion of latent heat, specific volume of 
vapor, and viscosity of liquid.     

APPROACH
As said above, the most logical starting 
point for reducing charge in heat ex-
changers begins with the reduction of 
internal volume.  A result of reducing 
the pipe diameter is increased pressure 
drop.  The fair comparison of refrig-
erants should be based not on equal 
pressure drop itself but on the effect 
pressure drop has on efficiency (COP) 
while maintaining the same capacity.  

The heat transfer on both sides 
(not only on refrigerant that is mostly 
affected when varying design options 
for charge reduction) is important and 
affects the result.  That is the reason 
why maintaining identical air side 
is important.  To maintain identical 
outside (air-side) conditions for each 
refrigerant, the heat exchanger type 
selected is the microchannel serpentine 
(two circuits) shown in the Figure 7 
and with dimensions given in Table 
1.  Selection of microchannel type 
is due to its relevance today and for 
its anticipated acceptance by more 
manufacturers.  In addition, high heat 
transfer coefficients and fin enhance-
ment place this type of heat exchanger 
between conventional round tube plate 
fin types and water cooled or cooling 
types, providing a more universal basis 
for conclusion.  A serpentine design 
was selected to avoid uncertainties in 
predicting the charge in headers for 
various refrigerants.  The serpentine 
design does not reduce the generality 
of the conclusions or even limit the in-
crease in mass flux. Figure 7: Baseline 
serpentine condenser design

For the example presented here, the 
internal diameter of the channel was 
the only variable in the model used 
to adjust refrigerant pressure drop. In 
the experiments it was easier to vary 
the number of active channels and 
the model was adjusted to facilitate 
validation.  

To estimate the condenser charge 
required for different refrigerants, 
the internal volumes (diameters) of 
identical baseline heat exchangers 
are shrunk to create a pressure drop 
which causes an equal (here selected 
1%) reduction in COP.  Certainly, 
1% is arbitrary value, but it is equal 
for each refrigerant.  One could ques-
tion if equal penalty is fair, Wujek, 
(2012).  More about this subject 
may be found in Hrnjak (2009) and 
Padilla and Hrnjak (2012).

Fig. 2

Void fraction of ammonia in a 6-port 
microchannel, Adams, Hrnjak and Newell,  
2003 (mass flux 100 kg/m2s = 2.3 oz/in2s)
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Figure 2: Void fraction of ammonia in a 6-port microchannel, Adams, Hrnjak and  
Newell, 2003 (mass flux 100 kg/m2s = 2.3 oz/in2s)

Figure 3: Void fraction of ammonia in a 14-port microchannel, Adams, Hrnjak and  
Newell, 2003 (mass flux 100 kg/m2s = 2.3 oz/in2s)
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The adopted model takes into ac-
count the effect of the ratio between 
the refrigerant and air side heat 
transfer areas when iterating to find 
the solution.  

A fair comparison of minimum 
refrigerant charges requires maintain-
ing the system capacity while model-
ing heat exchangers with the same 
face area, exterior tube dimensions, 
identical fins, and same operating 
conditions on the air side (velocity, 
temperature, humidity). Additionally, 
the effect of the condenser on the rest 
of the refrigerant side of the system 
should be the same.  Here it is defined 
as a 1% difference between COPs of 
the system with a real condenser and 
one without pressure drop on the 
refrigerant side.  The condenser chan-
nel diameter is modified to generate 
the same degradation of COP due to 
refrigerant side pressure drop com-
pared to an ideal condenser (without 
pressure drop) while maintaining the 
same evaporator capacity. A similar 
option would be to vary the number 
of active channels while maintaining 

Fig. 3

Void fraction of ammonia in a 14-port 
microchannel, Adams, Hrnjak and Newell, 
2003 (mass flux 100 kg/m2s = 2.3 oz/in2s)
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Figure 3: Void fraction of ammonia in a 14-port microchannel, Adams, Hrnjak and  
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Fig. 4

Visualization of effect of mass flux and quality on void  
fraction supports measured values (R134a, 1mm, 9-port),  
Nino, Hrnjak, Newell, 2003 (mass flux 100 kg/m2s = 2.3 oz/in2s)
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Figure 4: Visualization of effect of mass flux and quality on void fraction supports measured values 
(R134a, 1mm, 9-port), Nino, Hrnjak, Newell, 2003 (mass flux 100 kg/m2s = 2.3 oz/in2s)

 

Figure 5: Visualization of effect of mass flux and quality on void fraction (R410A, 1mm, 9-port), 
Nino, Hrnjak, Newell, 2003 (mass flux 100 kg/m2s = 2.3 oz/in2s)
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Fig. 5
Visualization of effect of mass flux and quality on void fraction (R410A, 1mm, 
9-port),Nino, Hrnjak, Newell, 2003 (mass flux 100 kg/m2s = 2.3 oz/in2s)
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Figure 4: Visualization of effect of mass flux and quality on void fraction supports measured values 
(R134a, 1mm, 9-port), Nino, Hrnjak, Newell, 2003 (mass flux 100 kg/m2s = 2.3 oz/in2s)

 

Figure 5: Visualization of effect of mass flux and quality on void fraction (R410A, 1mm, 9-port), 
Nino, Hrnjak, Newell, 2003 (mass flux 100 kg/m2s = 2.3 oz/in2s)

Fig. 6
Visualization of effect of mass flux on void fraction (air–water, 1mm, 9-port), 
Nino, Hrnjak,Newell, 2003 (mass flux 100 kg/m2s = 2.3 oz/in2s)
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Figure 6: Visualization of effect of mass flux on void fraction (air–water, 1mm, 9-port), Nino, Hrnjak, 
Newell, 2003 (mass flux 100 kg/m2s = 2.3 oz/in2s)

Analysis of Charge in Some Refrigerants Indicates Ammonia has 
Excellent Potential for Reduction

As discussed previously, it is clear that reducing charge is beneficial for every 

refrigerant in every application.

Comparisons of refrigerants based on their efficiency are common. The basis 

for efficiency comparison is cycle analysis (typically Rankine or Evans-Perkins) 

using thermophysical properties. Cycle analysis involves significant simplification 

that could be misleading in some cases. It does not include realities of the heat 

exchanger (heat transfer, pressure drops, power for air or water movers, etc.). That 

approach is based on thermodynamics and is accepted as a first approximation in the 

comparative analysis.
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the channel diameter and the outer 
dimensions of the flat tube.  This ap-
proach has been tested experimentally 
in Hoehne and Hrnjak, (2004). 

Fig. 8 compares the “ideal” baseline 
cycle, in solid line, to the “real” cycle, 
with pressure drop, shown with the 
dashed line. The pressure drop in the 
“real” condenser is set to cause a 1% 
reduction in COP compared to “ide-
al” cycle. Isenthalpic expansion and 
isentropic compression are assumed in 
the ideal cycle for all fluids.  The Zivi 
void fraction model was used be-
cause it is refrigerant independent but 
consequently the effect of mass flux 
was not reflected.  These assumptions 
do not affect the generality of con-
clusions. Cycle operating conditions 
in this example are: Tevaporation=0oC, 
Tairin=20oC, superheat 5 K.  Based on 

the evaporator and condenser models, 
the necessary charge to achieve 1 kW 
cooling capacity for various refriger-
ants is evident from the Fig. 9.  Addi-
tionally, the “real” hydraulic diameter 
of the condenser to minimize charge 
with only 1% degradation in COP 
can be found.  Ammonia requires the 
lowest charge but not the smallest 
tube size.  Isobutane requires a much 
larger tube diameter.

R717 and R744 show the best 
potential for low charge systems but 
for different reasons.  R717 is known 
to have a very high pressure drop for 
a given mass flux because of very low 
vapor density (see second to last col-
umn in Table 2) which causes higher 
velocity for a given mass flow rate in 
comparison to other fluids.  However, 
due to its very high latent heat (hfg = 

1167 kJ/kg), the mass flow needed 
for the same capacity is significantly 
lower for R717 than for any other 
fluid.  The sensitivity of ammonia to 
pressure drop is neither exceptionally 
low nor high in comparison to the 
other fluids shown in Table 2 (column 
5, ∆P). Since vapor density is very low 
for ammonia, the total mass is the 
lowest for a given void fraction. Light 
vapor is helpful in building a low 
charge system.

Carbon dioxide (R744) has differ-
ent characteristics than ammonia. 
R744 has a low sensitivity to pres-
sure drop, which means that high 
pressure drop will not result in high 
temperature drop. The sensitivity 
to pressure drop is given in Table 2, 
Column 5.   The potential for build-
ing a low charge R744 system comes 

Fig. 7 Baseline serpentine condenser design
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refrigerants. The serpentine design does not reduce the generality of the conclusions 

or even limit the increase in mass flux.

 

Figure 7: Baseline serpentine condenser design

Fins Tubes Overall

Fin height [mm] 8 Number of tubes (circuits) 2 Width [mm] 275

Fin depth [mm] 35 Tube thickness [mm] 2.3 Height [mm] 200

Fin thickness [mm] 0.15 Tube depth [mm] 35 Depth [mm] 30

Fins per inch [in-1] 15 Number of ports [-] 25 Circuits [-] 2

Fin pitch [mm] 1.41 Hydraulic diameter [mm] Varies Runs per circuit [-] 10

Louver height [mm] 7.84 Absolute roughness [mm] 0.001 Air HT area [m2] 1.612

Louver pitch [mm] 1.72     

Louver angle [o] 27     

Table 1: Characteristics of the condenser

For the example presented here, the internal diameter of the channel was the only 

variable in the model used to adjust refrigerant pressure drop. In the experiments 

it was easier to vary the number of active channels and the model was adjusted to 

facilitate validation.

To estimate the condenser charge required for different refrigerants, the internal 

volumes (diameters) of identical baseline heat exchangers are shrunk to create a 

pressure drop which causes an equal (here selected 1%) reduction in COP. Certainly, 
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from having low pressure drop (due to 
dense vapor) and very low sensitivity 
to pressure drop. The small channel 
sizes, dense vapor, and low sensitivity to 
pressure drop indicated that microchan-
nel heat exchangers are ideal for R744. 
Because R744 has a dense vapor, it will 
have more refrigerant mass at a given 
void fraction and internal volume.   

The largest hydraulic diameter is re-
quired for R600a (Isobutane) mostly 
because of the lighter vapor (second 
to ammonia). The combination of 
both light vapor and liquid keeps the 

charge reasonably low even with the 
largest diameter. 

The two refrigerants that require the 
highest charge are R1234yf and R134a 
even though their individual thermo-
physical properties are balanced.  High 
density of liquid combined with high 
sensitivity to pressure drop requires 
significantly greater charge than other 
fluids presented here. 

5. SOME EXAMPLES OF EXTREMELY 
LOW CHARGED AMMONIA SYSTEMS  
Recent advances in manufacturing 
technologies of microchannel tubes 

and heat exchangers resulted in 
expansion of some important mass 
production markets and consequently 
opened opportunity for further reduc-
tion of costs.  That situation generates 
the possibilities for application of 
microchannel heat exchangers in areas 
with traditionally lower production 
volumes, ammonia being one of them.  

Litch and Hrnjak [9] presented 
data for an ammonia chiller with an 
air cooled microchannel condenser.  
This resulted in the lowest specific 
charge air-cooled chiller for ammonia 
reported in the literature so far.  

Two aluminum condensers were 
evaluated: one with a single serpentine 
tube and the other with a parallel tube 
arrangement between headers having 
24 tubes in the first pass and 14 in 
the second.  Each tube has 19 trian-
gular ports of equal dimensions with 
a hydraulic diameter less than 1 mm.  
The fins are multi-louvered.  The 
serpentine condenser has a single tube 
that passes 16 times through multi-
louvered fins.  There are five enhanced 
square ports in the tube.   Additional 
details of these condensers may be 
found in Litch & Hrnjak [9].  

Overall heat transfer performance 
and charge measurements were taken 
for each condenser and the system as a 
whole.  The microchannel heat ex-
changer with parallel flow performed 
better in every respect.  Overall, con-
denser performance was quantified in 
terms of U values for different air flow 
rates, superheating and subcooling con-
ditions and is presented in Figure 10.

Refrigerant inventory measurements 
of the condenser were taken at differ-
ent operating conditions.  Refrigerant 
inventory measurements are compared 
to model results using different void frac-
tion model predictions.  All void fraction 
correlations perform similarly in helping 
to predict total charge.  The use of New-
ell’s correlation (Newell et al. [10]) for 
serpentine condenser yields the smallest 
average error of 9.3%, with a maximum 
of 15.7%.  With the Butterworth [5] 
and Zivi [14] correlations, the average 
and maximum errors are 10.1/22.8% 
and 12.3/24.9%, respectively.  The slight 
over prediction results in a simulated 
subcooled region that is larger than the 
actual region, inflating predicted charge.  
Data by Adams, Hrnjak and Newell [1] 
fit well in the prediction. These results 
are presented in Figure 11.

Fig. 8
Illustration of the process–Pressure drop 
that causes 1% change in COP
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1% is arbitrary value, but it is equal for each refrigerant. One could question if equal 

penalty is fair, Wujek, (2012). More about this subject may be found in Hrnjak (2009) 

and Padilla and Hrnjak (2012).

The adopted model takes into account the effect of the ratio between the refrigerant 

and air side heat transfer areas when iterating to find the solution.

A fair comparison of minimum refrigerant charges requires maintaining the system 

capacity while modeling heat exchangers with the same face area, exterior tube 

dimensions, identical fins, and same operating conditions on the air side (velocity, 

temperature, humidity). Additionally, the effect of the condenser on the rest of 

the refrigerant side of the system should be the same. Here it is defined as a 1% 

difference between COPs of the system with a real condenser and one without 

pressure drop on the refrigerant side. The condenser channel diameter is modified to 

generate the same degradation of COP due to refrigerant side pressure drop compared 

to an ideal condenser (without pressure drop) while maintaining the same evaporator 

capacity. A similar option would be to vary the number of active channels while 

maintaining the channel diameter and the outer dimensions of the flat tube. This 

approach has been tested experimentally in Hoehne and Hrnjak, (2004).

 

 

Figure 8: Illustration of the process–Pressure drop that causes 1% change in COP

Fig. 9

Refrigerant charge and hydraulic diameter of 
serpentine condenser for 1kW refrigeration 
system causing 1% difference from ideal COP 
due to condenser pressure drop
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Fig. 8 compares the “ideal” baseline cycle, in solid line, to the “real” cycle, with 

pressure drop, shown with the dashed line. The pressure drop in the “real” 

condenser is set to cause a 1% reduction in COP compared to “ideal” cycle. 

Isenthalpic expansion and isentropic compression are assumed in the ideal cycle for 

all fluids. The Zivi void fraction model was used because it is refrigerant independent 

but consequently the effect of mass flux was not reflected. These assumptions do 

not affect the generality of conclusions. Cycle operating conditions in this example 

are: Tevaporation=0°C, Tairin=20°C, superheat 5 K. Based on the evaporator and 

condenser models, the necessary charge to achieve 1 kW cooling capacity for various 

refrigerants is evident from the Fig. 9. Additionally, the “real” hydraulic diameter of 

the condenser to minimize charge with only 1% degradation in COP can be found. 

Ammonia requires the lowest charge but not the smallest tube size. Isobutane 

requires a much larger tube diameter. 

Figure 9: Refrigerant charge and hydraulic diameter of serpentine condenser  
for 1kW refrigeration system causing 1% difference from ideal COP due to  
condenser pressure drop
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Obviously, predictions for a serpen-
tine condenser are much more accurate 
than for microchannel when using the 
same correlation and experimental 
data.  That clearly indicated a signifi-
cant inaccuracy in the charge prediction 
in headers (see Figure 12.).  Another in-
sight from Figure 7. (serpentine) is that 
liquid subcooling is a large contributor 

to total charge.  The relative predicted 
charge contributions from the refriger-
ant phase zones for the data point with 
the highest liquid subcooling tested are 
0.5% in superheated zone, 29.2% in 
the two-phase region, and 70.3% in 
subcooling region.  From the data point 
with the lowest liquid subcooling, the 
contributions are 0.5%, 60.1%, and 

39.4% in subcooling.  Even though the 
subcooling region is only 26% of the 
total tube length, it comprises 70% of 
the total charge.  Thus it is advanta-
geous to reduce subcooling not only for 
increased heat transfer, but to reduce 
refrigerant charge.  

From the experimental data taken, 
the microchannel parallel flow con-

Table 2
Refrigerant charges in evaluated condenser serving 1 kW evaporator based on 
pressure drop that causes 1% COP reduction compared to idealized (∆P=0 cycle)
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Fluid
Ref.
Mass

Hydr.
Diam. 

Mass
Flow 

∆P
[1 % COP
reduction]

COP
Ideal

Cond. 
Temp.

Rejected 
Heat

 Liquid 
Density

Sat. Vapor 
Density

Latent 
Heat

[g] [mm] [g/s] [kPa] [-] [C] [kW] [kg/m3] [kg/m3] [kJ/kg]

R717 13.4 0.86 0.86 7.45 10.0 24.6 1.043 604 7.72 1169.0

R744 29.8 0.59 5.94 35.79 7.0 24.3 1.103 725 234.70 125.9

R290 34.4 1.14 3.15 6.58 9.6 25.2 1.048 492 20.72 335.7

R32 44.9 0.92 3.63 11.46 9.4 24.8 1.054 963 47.12 271.7

R600a 59.1 1.61 3.31 3.17 9.8 25.5 1.067 550 9.285 329.4

R410A 65.6 0.98 5.32 11.65 9.4 25.1 1.067 1063 66.15 187.8

R134a 124.2 1.38 5.96 5.52 9.5 25.6 1.094 1206 32.88 177.7

R1234yf 132 1.46 7.52 5.41 9.3 25.6 1.077 1091 38.42 145.6

Table 2: Refrigerant charges in evaluated condenser serving 1 kW evaporator based on pressure drop 
that causes 1% COP reduction compared to idealized (∆P=0 cycle)

Some Examples of Extremely Low Charged Ammonia Systems

Recent advances in manufacturing technologies of microchannel tubes and heat 

exchangers resulted in expansion of some important mass production markets and 

consequently opened opportunity for further reduction of costs. That situation 

generates the possibilities for application of microchannel heat exchangers in areas 

with traditionally lower production volumes, ammonia being one of them.

Litch and Hrnjak [9] presented data for an ammonia chiller with an air cooled 

microchannel condenser. This resulted in the lowest specific charge air-cooled chiller 

for ammonia reported in the literature so far.

Two aluminum condensers were evaluated: one with a single serpentine tube and the 

other with a parallel tube arrangement between headers having 24 tubes in the first 

pass and 14 in the second. Each tube has 19 triangular ports of equal dimensions 

with a hydraulic diameter less than 1 mm. The fins are multi-louvered. The 

serpentine condenser has a single tube that passes 16 times through multi-louvered 

Fig. 10 Overall heat transfer coefficients for two microchanel condensers for ammonia
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fins. There are five enhanced square ports in the tube. Additional details of these 

condensers may be found in Litch & Hrnjak [9].

Overall heat transfer performance and charge measurements were taken for each 

condenser and the system as a whole. The microchannel heat exchanger with 

parallel flow performed better in every respect. Overall, condenser performance 

was quantified in terms of U values for different air flow rates, superheating and 

subcooling conditions and is presented in Figure 10.

Figure 10. Overall heat transfer coefficients for two microchanel condensers for ammonia

Refrigerant inventory measurements of the condenser were taken at different 

operating conditions. Refrigerant inventory measurements are compared to model 

results using different void fraction model predictions. All void fraction correlations 

perform similarly in helping to predict total charge. The use of Newell’s correlation 

(Newell et al. [10]) for serpentine condenser yields the smallest average error 

of 9.3%, with a maximum of 15.7%. With the Butterworth [5] and Zivi [14] 

correlations, the average and maximum errors are 10.1/22.8% and 12.3/24.9%, 
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denser appears to outperform the 
macrochannel serpentine condenser.  
The overall heat transfer coefficient for 
a given face velocity is 60-80% higher 
than for the serpentine condenser; and 
the charge is an average of 53% less.   
The microchannel condenser has a 
smaller volume for approximately the 
same face area.  Also, it has less charge 
and better heat transfer than the serpen-
tine and typical condensers.  

6. NEW DEVELOPMENTS IN  
COMPRESSORS AND MICROCHANNEL 
HEAT EXCHANGERS AS CONDENSERS 
IN SMALL SYSTEMS 
Probably the most important recent de-
velopment is the new Mycom hermetic 
compressor that is used for both refrig-
eration and heat pumping.  The wrap 
is specifically designed for use with 
ammonia.  Nominal capacity in cooling 
(at -5oC/50oC) is 45 kW while in heat 
pumping is 47 kW.  Motor is IPM type 
with aluminum windings.  There are 
two models: for low and high tem-
perature.  The weight of the hermetic 
version is about 100 kg.  This compres-
sor is equipped with an oil pump.  The 
ammonia charge of the unit is 6 kg (see 
Table 3 and Figures 13 and 14). 

Development of microchannel con-
densers for ammonia has moved from 
the Air Conditioning and Refrigera-
tion Center at the University of Illinois 
to Creative Thermal Solutions (CTS), 

a high tech company that specializes 
in research and development of novel 
refrigeration and air conditioning ap-
proaches.  Figure 15 presents a photo 
of a condensing unit with microchannel 
heat exchanger used in an experimen-
tal facility for evaluation of ammonia 
evaporators, while Figure 16 shows a 
unit from Figure 9, CTS instrumented 
for implementation of MC condensers.  
The MC condensers used improved per-
formance with 87% face area of original 
round tube condenser, with only 19% 
of core volume and just 7% or original 
weight and 27% or original refrigerant 
volume – charge.  Just few weeks ago 
M. Tomooka of Mycom presented these 
results in the paper at IIAR meeting in 
Orlando, FL “Application of Micro-
channel heat exchangers to compact 
ammonia systems” 

Another very good example is pre-
sented by Cecchinato and others [23] 
who described the main features of the 
newly designed prototype, including:

• refrigerating capacity of 120 kW

• open inverter-driven screw compres-
sor with nominal volumetric flow 
rate equal to 118 m3/h 

• evaporation and condensation tem-
peratures of 2°C and 50°C respectively

• temperature of the secondary 
refrigerant (water) at the evapora-

tor outlet was set at 7°C and at the 
evaporator inlet at 12°C

• plate heat exchanger evaporator 
with 52 plates having high chevron 
angle with overall dimensions equal 
to 618x191 mm

The chiller use low internal volume 
heat exchangers and the direct expan-
sion evaporator providing the charge 
of 10.0 kg of ammonia. Experimental 
results showed COP of 5.0 to 2.7 
at ambient temperatures from 10 to 
40°C. The authors estimated potential 
for a charge reduction of 20% if mi-
crochannel condenser would be used.

FEW ADDITIONAL COMMENTS
At this point of heat exchanger devel-
opment, the lowest charges have been 
achieved by using a microchannel ap-
proach and will be presented later in 
more detail.  Nevertheless, microchan-
nel technology is not the only way to 
reduce charge.  Very good results have 
been achieved by using plate evapo-
rators or condensers with water, or 
other fluids, on the other side (brazed, 
gasketed, cassette, welded shell and 
plate, etc…).  The automotive indus-
try has developed plate evaporators 
for air cooling, but the application is 
still limited to mobile air conditioning 
(aero, automobiles, off-road vehicles 
etc…).  Spray evaporators are also 

Fig. 11 Predictions and measured values for the charge in two condensers
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respectively. The slight over prediction results in a simulated subcooled region that is 

larger than the actual region, inflating predicted charge. Data by Adams, Hrnjak and 

Newell [1] fit well in the prediction. These results are presented in Figure 11.

Figure 11. Predictions and measured values for the charge in two condensers

Obviously, predictions for a serpentine condenser are much more accurate than 

for microchannel when using the same correlation and experimental data. That 

clearly indicated a significant inaccuracy in the charge prediction in headers (see 

Figure 12.). Another insight from Figure 7. (serpentine) is that liquid subcooling is 

a large contributor to total charge. The relative predicted charge contributions from 

the refrigerant phase zones for the data point with the highest liquid subcooling 

tested are 0.5% in superheated zone, 29.2% in the two-phase region, and 70.3% 

in subcooling region. From the data point with the lowest liquid subcooling, 

the contributions are 0.5%, 60.1%, and 39.4% in subcooling. Even though the 

subcooling region is only 26% of the total tube length, it comprises 70% of the total 

charge. Thus it is advantageous to reduce subcooling not only for increased heat 

transfer, but to reduce refrigerant charge.
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known for their low charge.  It should 
not be forgotten that in microchan-
nel heat exchangers significant liquid 
quantity is retained in the headers.  

Typical values for refrigerant inven-
tory in larger heat exchangers as given 
by Pearson [13] are shown in Table 4.

Ayub reports about low charges in 
spray evaporators and recent im-
provements, shown in Table 5.

Pearson reports that “optimal charge” 
chiller had 100g/kW charge.  The opti-
mal value had an unspecified additional 
charge for leakage and operation.  

Litch and Hrnjak presented data for 
some small ammonia systems with pub-

lished charges in Table 6.
B. Palm in the summary of a decade 

of charge reduction at KTH presented 
a small ammonia system (a laboratory 
setup simulating a domestic water to 
water heat pump) as a part of Sherhpa 
project.  Their largest challenge was 
to get the oil back to the compressor 
in the direct expansion system so they 
used miscible oil and a heat exchanger 
with narrow channels. The same spe-
cial aluminum heat exchangers were 
used as condenser and evaporator.  
Plate heat exchangers were also tested 
and performed well as condensers but 
not as evaporators due to problems 
with oil return.  The system with an 

open compressor had 9kW capac-
ity with 100g of charge (an amazing 
11 g/kW, half of the charge of ILKA 
MAFA 100.2-11K45). 

SUMMARY AND CONCLUSIONS  
This paper presented reasons for charge 
reduction and strategies for the actions:

1. Introduction of another  
(secondary) fluid  

2. In the compressor: 

• Reducing the internal volume 

• Reducing quantity in lubricant

• Reducing solubility to reduce 
refrigerant absorption.      

Fig. 12 Charge distribution in two microchannel condensers
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Figure 12. Charge distribution in two microchannel condensers

From the experimental data taken, the microchannel parallel flow condenser 

appears to outperform the macrochannel serpentine condenser. The overall heat 

transfer coefficient for a given face velocity is 60-80% higher than for the serpentine 

condenser; and the charge is an average of 53% less. The microchannel condenser 

has a smaller volume for approximately the same face area. Also, it has less charge 

and better heat transfer than the serpentine and typical condensers.

New Developments in Compressors and Microchannel Heat 
Exchangers as Condensers in Small Systems

Probably the most important recent development are hermetic compressors that are 

used for both refrigeration and heat pumping. One example isa scroll compressor 

which wrap is specifically designed for use with ammonia. Nominal capacity in 

cooling (at -5°C/50°C 22°F/122°F) is about 45 kW (13 Ton) while in heat pumping 

is 47 kW (13.5 Ton). Motor is IPM type with aluminum windings. There are two 

models: for low and high temperature. This compressor is equipped with an oil 

pump.

Fig. 13
New compressor: cross 
section and photo
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Figure 13. New compressor: cross section  
and photo

Figure 14. New chillers with hermetic ammonia 
scroll and conventional condensers

Development of microchannel condensers for ammonia has moved from the Air 

Conditioning and Refrigeration Center at the University of Illinois to Creative Thermal 

Solutions (CTS), a high tech company that specializes in research and development 

of novel refrigeration and air conditioning approaches. Figure 15 presents a photo of 

a condensing unit with microchannel heat exchanger used in an experimental facility 

for evaluation of ammonia evaporators, while Figure 16 shows a unit from Figure 

9, CTS instrumented for implementation of MC condensers. The MC condensers 

used improved performance with 87% face area of original round tube condenser, 

with only 19% of core volume and just 7% or original weight and 27% or original 

refrigerant volume – charge.

Another very good example is presented by Cecchinato and others [23] who 

described the main features of the newly designed prototype, including:

• refrigerating capacity of 120 kW (35 Ton)

• open inverter-driven screw compressor with nominal volumetric flow rate equal 

to 118 m3/h

• evaporation and condensation temperatures of 2°C (36°F) and 50°C (122°F) 

respectively

Fig. 14
New chillers with hermetic ammonia  
scroll and conventional condensers
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Figure 13. New compressor: cross section  
and photo

Figure 14. New chillers with hermetic ammonia 
scroll and conventional condensers

Development of microchannel condensers for ammonia has moved from the Air 

Conditioning and Refrigeration Center at the University of Illinois to Creative Thermal 

Solutions (CTS), a high tech company that specializes in research and development 

of novel refrigeration and air conditioning approaches. Figure 15 presents a photo of 

a condensing unit with microchannel heat exchanger used in an experimental facility 

for evaluation of ammonia evaporators, while Figure 16 shows a unit from Figure 

9, CTS instrumented for implementation of MC condensers. The MC condensers 

used improved performance with 87% face area of original round tube condenser, 

with only 19% of core volume and just 7% or original weight and 27% or original 

refrigerant volume – charge.

Another very good example is presented by Cecchinato and others [23] who 

described the main features of the newly designed prototype, including:

• refrigerating capacity of 120 kW (35 Ton)

• open inverter-driven screw compressor with nominal volumetric flow rate equal 

to 118 m3/h

• evaporation and condensation temperatures of 2°C (36°F) and 50°C (122°F) 

respectively
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3. In vessels by reducing  
volume and liquid levels. 

4. In pipes by reducing internal  
volume (diameter and possibly 
even length).   

5. In heat exchangers by reducing tube 
diameter, length and most impor-
tantly balance mass flux and design  

Because it is the most attractive, the 
last strategy is elaborated in detail.  Ob-
viously, to reduce the charge internal 
volume needs to be reduced, but the 
most important is to take in consider-
ation effects of heat transfer balance 
and mass flux on void fraction.

Special attention is given to explore 
and design a methodology for fair 
way of comparing refrigerants based 
on their potential to be used in low 
charge condensers.

This paper also presented a case 
for a small, low charge, air cooled 
ammonia chiller using microchannel 
condensers and hermetic compressor 
with miscible oil.  Microchannel air 
cooled condensers along with DX 
plate or similar evaporators provided 
basis for low charge.  

In addition, the external volume of 
the chiller could be reduced because 

Fig. 15

Condensing unit with  
MC condenser as used 
at CTS during NH3 
evaporator studies Fig. 16

NH3 chiller with  
prototype hermetic 
compressor, CTS 
instrumented
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• temperature of the secondary refrigerant (water) at the evaporator outlet was set 

at 7°C (46°F) and at the evaporator inlet at 12°C (56°F)

• plate heat exchanger evaporator with 52 plates having high chevron angle with 

overall dimensions equal to 618x191 mm

The chiller use low internal volume heat exchangers and the direct expansion 

evaporator providing the charge of 10.0 kg of ammonia. Experimental results showed 

COP of 5.0 to 2.7 at ambient temperatures from 10 to 40°C (52 to 100°F). The 

authors estimated potential for a charge reduction of 20% if microchannel condenser 

would be used.

 

 
Figure 15. Condensing unit with MC condenser  
as used at CTS during NH3 evaporator studies

Figure 16. NH3 chiller with prototype hermetic 
compressor, CTS instrumented

Few additional comments

At this point of heat exchanger development, the lowest charges have been achieved 

by using a microchannel approach and will be presented later in more detail. 
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• temperature of the secondary refrigerant (water) at the evaporator outlet was set 

at 7°C (46°F) and at the evaporator inlet at 12°C (56°F)

• plate heat exchanger evaporator with 52 plates having high chevron angle with 

overall dimensions equal to 618x191 mm

The chiller use low internal volume heat exchangers and the direct expansion 

evaporator providing the charge of 10.0 kg of ammonia. Experimental results showed 

COP of 5.0 to 2.7 at ambient temperatures from 10 to 40°C (52 to 100°F). The 

authors estimated potential for a charge reduction of 20% if microchannel condenser 

would be used.
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as used at CTS during NH3 evaporator studies

Figure 16. NH3 chiller with prototype hermetic 
compressor, CTS instrumented

Few additional comments

At this point of heat exchanger development, the lowest charges have been achieved 

by using a microchannel approach and will be presented later in more detail. 

Table 3
Characteristic of the first chiller unit 
with hermetic scroll compressor

6. NEW DEVELOPMENTS IN COMPRESSORS AND MICROCHANNEL HEAT EXCHANGERS AS 
CONDENSERS IN SMALL SYSTEMS  

 

Probably the most important recent development is the new Mycom hermetic compressor that is used for both 
refrigeration and heat pumping.  The wrap is specifically designed for use with ammonia.  Nominal capacity in cooling (at -
5oC/50oC) is 45 kW while in heat pumping is 47 kW.  Motor is IPM type with aluminum windings.  There are two models: 
for low and high temperature.  The weight of the hermetic version is about 100 kg.  This compressor is equipped with an 
oil pump.  The ammonia charge of the unit is 6 kg (see Table 3 and Figures 13 and 14 below).  

 

Table	3	Characteristic	of	the	first	chiller	unit	with	hermetic	scroll	compressor	
	

New Mycom unit with hermetic scroll compressor  
Shell High pressure 

chamber 
  

Design pressure 2.7 MPa  
Motor IPM type Al windings 15 kW  

Operating 
Conditions 

Design temperature 120 oC  
Condensing 

temperature 
30 to 55 oC  

Evaporating 
temperature 

-35 to +10 oC  

Rotational speed 1800～3600 
rpm 

 

Lubrication  Oil pump   
Oil cooling Liquid 

injection 
 

Oil type PAG  
Weight  100 kg  
Refrigerant charge  6 kg  
Capacity at -5/50 
oC 

Cooling  45 kW  

 Heating  47 kW  
	

	
Figure 13.  New Mycom compressor: cross section and photo Figure 14.  New Mycom chillers with hermetic ammonia 

scroll and conventional condensers 
 

Development of microchannel condensers for ammonia has moved from the Air Conditioning and Refrigeration 
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the external volume of a microchannel 
design is small.  Besides being compact, 
microchannel heat exchangers are also 
made lightweight, from aluminum.  
Thanks for the technology developed 
in the automobile industry these ex-

changers are relatively inexpensive.  
Expanding the use of aluminum 

beyond MC condenser it is possible 
to reduce the weight and the cost even 
further, making the chillers cost com-
petitive to conventional systems.  

Hermetic compressor with miscible oil 
provides a low leak and a low mainte-
nance environment and in every respect 
similarity to conventional chillers.   

Since ammonia is one of few refrig-
erants that have vapor lighter than air 

Table 4 Refrigerant inventory for larger heat exchangers
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Nevertheless, microchannel technology is not the only way to reduce charge. Very 

good results have been achieved by using plate evaporators or condensers with water, 

or other fluids, on the other side (brazed, gasketed, cassette, welded shell and plate, 

etc…). The automotive industry has developed plate evaporators for air cooling, but 

the application is still limited to mobile air conditioning (aero, automobiles, off-road 

vehicles etc…). Spray evaporators are also known for their low charge. It should 

not be forgotten that in microchannel heat exchangers significant liquid quantity is 

retained in the headers.

Typical values for refrigerant inventory in larger heat exchangers as given by Pearson 

[13] are shown in Table 3.

Heat exchanger type Specific charge [g/kW] Specific charge [oz/Ton]

Shell and tube 1000 130

Plate 500 65

Gravity fed plate 250 30

Table 3: Refrigerant inventory for larger heat exchangers

Ayub reports about low charges in spray evaporators and recent improvements, 

shown in Table 4.

Ref. Capacity [kW] Specific charge [g/kW] Specific charge [oz/Ton]

1 1408 113 14.5

2 2816 72 9.2

3 4189 54 6.9

Table 4: Specific charge values for some ammonia spray evaporators

Pearson reports that “optimal charge” chiller had 100g/kW (13 oz/Ton) charge. The 

optimal value had an unspecified additional charge for leakage and operation.

Table 5 Specific charge values for some ammonia spray evaporators
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the application is still limited to mobile air conditioning (aero, automobiles, off-road 

vehicles etc…). Spray evaporators are also known for their low charge. It should 

not be forgotten that in microchannel heat exchangers significant liquid quantity is 

retained in the headers.

Typical values for refrigerant inventory in larger heat exchangers as given by Pearson 

[13] are shown in Table 3.

Heat exchanger type Specific charge [g/kW] Specific charge [oz/Ton]

Shell and tube 1000 130

Plate 500 65

Gravity fed plate 250 30

Table 3: Refrigerant inventory for larger heat exchangers

Ayub reports about low charges in spray evaporators and recent improvements, 

shown in Table 4.

Ref. Capacity [kW] Specific charge [g/kW] Specific charge [oz/Ton]

1 1408 113 14.5

2 2816 72 9.2

3 4189 54 6.9

Table 4: Specific charge values for some ammonia spray evaporators

Pearson reports that “optimal charge” chiller had 100g/kW (13 oz/Ton) charge. The 

optimal value had an unspecified additional charge for leakage and operation.Table 6
Specific refrigerant charges for some 
commercially available ammonia chillers
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Litch and Hrnjak presented data for some small ammonia systems with published 

charges in Table 5.

Chiller System Capacity, Evaporator [kW] / [Ton] System specific charge [g/kW]/ 
[oz/Ton]

Air cooled: 

Hrnjak & Litch (MC 
condenser)

13 / 3.8 18 / 2.3

Cecchinato & others 120 / 34.8 84 / 10.7

Refcomp VKA16-14 16 / 4.6 125 / 16

York YSLC F4F00UW 220 / 63.8 129 / 16.5

N.R. Koeling LK 25 25 / 7.2 159 / 20.3

Water cooled:

Palm, KTH – Sherpa 
project

9 / 2.6 11 / 1.4

ILKA MAFA 100.2-11K45 108 / 31.3 23 / 2.9

ABB (York) BXA 108 / 31.3 157 – 43 / 20 – 5.5 

Gram (York) LC 38 – 228 / 11–66 228 – 37 / 29 – 4.7

Sabroe (York) PAC 57 – 1074 / 16.5–311 172 – 36 / 22 – 4.6

Table 5: Specific refrigerant charges for some commercially available ammonia chillers

B. Palm in the summary of a decade of charge reduction at KTH presented a small 

ammonia system (a laboratory setup simulating a domestic water to water heat 

pump) as a part of Sherhpa project. Their largest challenge was to get the oil back 

to the compressor in the direct expansion system so they used miscible oil and a 

heat exchanger with narrow channels. The same special aluminum heat exchangers 

were used as condenser and evaporator. Plate heat exchangers were also tested and 

performed well as condensers but not as evaporators due to problems with oil return. 

The system with an open compressor had 9kW capacity with 100g of charge (an 

amazing 11 g/kW, half of the charge of ILKA MAFA 100.2-11K45).

Hermetic compressor with miscible oil provides a low leak and a low maintenance 

environment and in every respect similarity to conventional chillers.
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location of the chiller should be on 
the roof.  Assuming unobstructed re-
lease, even in the worst case scenario 
of catastrophic leak refrigerant vapor 
cannot increase its concentration in 
specific zones beyond LFL (lower 
flammability level) or toxic concentra-
tions values.  That represents great 
improvement in safety and puts am-
monia below the radar of regulations.

All said above leads to an excel-
lent opportunity for the ammonia as 
a refrigerant in urban areas: very low 
charged, hermetic chiller placed on the 
roof with unobstructed vapor release.
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Special attention is given to explore and design a methodology for fair way of 

comparing refrigerants based on their potential to be used in low charge condensers.

This paper also presented a case for a small, low charge, air cooled ammonia 

chiller using microchannel condensers and hermetic compressor with miscible oil. 

Microchannel air cooled condensers along with DX plate or similar evaporators 

provided basis for low charge.

In addition, the external volume of the chiller could be reduced because the external 

volume of a microchannel design is small. Besides being compact, microchannel heat 

exchangers are also made lightweight, from aluminum. Thanks for the technology 

developed in the automobile industry these exchangers are relatively inexpensive.

Expanding the use of aluminum beyond MC condenser it is possible to reduce the 

weight and the cost even further, making the chillers cost competitive to conventional 

systems.

Nomenclature

A = Area [m2]
α = void fraction [-]

L = tolat lentgh [m]

m= mass [g]

ρ = density [kg/m3]

x = quality [-]

z = length

Subscripts

l = liquid

v = vapor

i = counter
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