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With Evapcold low charge ammonia systems, you can drastically reduce your ammonia 
charge while also increasing your system reliability. Evapcold Packaged Refrigeration Systems 
have been thoroughly tested in EVAPCO’s industry-leading R&D and run-testing facilities and 
are also very successfully operating in the field. Guaranteed system performance and reliability 
is a key advantage with Evapcold. Its industrial design and components, product features, and 
low ammonia charge make it the best choice to eliminate the business disruptions from less 
reliable alternatives.

This includes:
•  IIAR-2 and ARM-LC compliance •  Hot gas defrost
•  Fully-rated equipment  •  Pumped liquid recirculation design
•  Robust factory testing    •  Component redundancy options    

And that’s only the beginning. Talk to your local EVAPCO representative or visit evapco.com 
to discover all the ground-breaking benefits of Evapcold Packaged Refrigeration Systems and 
new chiller packages. We are EVAPCO—the team you can count on for life.

The ultra-reliable,
low-charge solution.

for LIFE

Since 1976 | An Employee-Owned Company
Commercial HVAC | Process Cooling | Industrial Refrigeration | Power
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 MESSAGE
BY GARY SCHRIFT

n this February 2021 Edition 
of our Condenser Magazine, 
you will read about progress 
made with the California Air 
Resources Board, completion 

of the ice arena for the upcoming 2022 
Olympics, an overview of research 
projects, and ANSI standards develop-
ment…..all initiatives conducted by 
IIAR volunteers, members, and the or-
ganization as a whole towards further-
ing our mission to provide advocacy, 
education, and standards for the benefit 
of the global community in the safe and 
sustainable design, installation, and op-
eration of ammonia and other natural 
refrigerants.

In my August 2020 and November 
2020 messages, I detailed the many 
other advocacy, educational, research, 
training, guideline, and standards 
initiatives, with results that continue to 
benefit our members and the world, and 
to show real value created from our/
your organization!

I would be naïve to believe that 
IIAR is meeting the needs of everyone.  
Therefore, I continue to ask for input 
from members and non-members and 
ask again that you call, email, or text 
me to discuss any concerns or ideas to 
enhance or improve our organization. 

In November we held our first Talk 
it Out virtual session, the topic was 
Membership Fees.  This topic was sug-
gested by one of our members and was 
received after a call for topics was sent 
to our email database.  Over 20 partici-
pants provided very candid and sincere 
comments during an open forum and 
led the discussion attended by IIAR staff 
and some board members.   

Since then, a Membership Taskforce 
has been formed of volunteers, staff, 
and Executive Board members with 
three goals 1) Create financial sustain-
ability for IIAR where the organization 

does not have to rely on revenues from 
the annual conference to meet non-con-
ference expenses 2) Create a member-
ship structure and membership dues 
that promote financial sustainability 
while focusing on increasing member-
ship and 3) Create member benefits that 
promote new memberships and reten-
tion of existing memberships.

These goals will not be easy to 
achieve and even more difficult to 

measure, and such efforts have certainly 
been conducted in the past 50 years 
of our organization. But I am excited 
to see the results and anticipate future 
actions that can benefit most existing 

members and increase our ranks.
We are entering exciting times for 

natural refrigerants as companies, govern-
ments, and code bodies worldwide revisit 
the use of ammonia and natural refrig-
erants for applications once left to the 
many medium and high GWP and ODP 
refrigerants, and as countries and the 
private sector explore the use of ammonia 
as a green fuel source.  Buckle up….

Exciting Times of Change

president’s

I
We are entering exciting times for natural  
refrigerants as companies, governments,  
and code bodies worldwide revisit the use  
of ammonia and natural refrigerants for appli-
cations once left to the many medium and high 
GWP and ODP refrigerants, and as countries 
and the private sector explore the use of  
ammonia as a green fuel source.  Buckle up….



www.iiar.org  A Publication of the International Institute of Ammonia Refrigeration  |  February 2021  |  CONDENSER  |  5

New MyCore RC-100 Control Panel
The MyCore RC-100 is the next generation controller for MYCOM reciprocating and min-

screw compressors replacing the MYPRO CP1A and MYPRO iP. It has controlling capabilities 
for MYCOM M, WA/WB, WBHE, HK, L, and K reciprocating compressor models as well as 

MYCOM MHS 1290/1410 and the i mini-screw compressor models. This panel features a 5.7” 
resistance film-type touch screen, multiple languages, Modbus TCP/IP over ethernet network 

to provide remote control of the panel and much more.

Mayekawa USA Sales Reps:

info@mayekawausa.com   |   615-773-2859   |   www.mayekawausa.com
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 MESSAGE
BY DAVE SCHAEFER

t is with great regret that we 
have to cancel the face-to-face 
2021 IIAR conference in Palm 
Springs, CA.  However, we 
look forward to an exciting 

second virtual conference that will be 
as informative and widely watched as 
the fantastic first-ever 2020 All-Natural 
Refrigerant Virtual Conference.

Instead of dwelling on what could 
have been with the canceled face-to-
face conference, I would like to focus 
on something that has been extremely 
positive and what makes our organi-
zation great. We are very fortunate 
to have a very hard working staff, 
generous contributors to the Ammo-
nia Research Foundation, and many 
volunteers that have been bringing us 
educational materials and programs 
like the virtual conference, the  Acad-
emy of Natural Refrigerants, safety 
videos and of course our standards that 
make our industry safer.  

With this letter I would like to point 
out the contributions that our Stan-
dards Committee Chairman Mr. Robert 
Czarnecki has made to our industry as 
he steps away from the chairmanship, a 
position he has held for over nine years.

We would like to recognize Mr. Rob-
ert Czarnecki, Chairman of the Interna-
tional Institute of Ammonia Refrigera-
tion (IIAR), Standards Committee, for 
his long-standing and tireless efforts 
in leading the committee for so many 
years.  During his nine-year tenure as 
chair, and for many years prior, Bob 
has been a selfless contributor to the 
Institute.  His leadership has enabled 
IIAR to develop a full suite of standards 
for the ammonia refrigeration industry. 
These standards are cited by numer-
ous United States government agencies 
and several international governments 
as recognized and generally accepted 
good engineering practices. Several of 

them are also normative references in 
national building codes. Mr. Czarnecki 
has devoted countless uncompensated 
hours to the development of IIAR 
standards and has provided unwavering 
leadership, a fair and open forum for 
discussion and opinions, initiatives for 
research, and a great deal of engineer-
ing expertise in the field of industrial 
refrigeration engineering.  

As we know, the United States Envi-
ronmental Protection Agency (EPA) and 
the Occupational Safety and Health Ad-
ministration (OSHA) regulate the use of 
hazardous chemicals.  In their process 
safety management and risk manage-
ment enforcement programs, these agen-
cies rely on industry-developed “rec-
ognized and generally accepted good 
engineering practices” (RAGAGEP), for 
practitioners to follow. IIAR standards 
are used as RAGEGEP for ammonia 
refrigeration and have been cited by 
OSHA in their definition of RAGAGEP 
in general – a testament to the quality 
and importance of the standards. 

It can be observed that Mr. Czar-
necki’s contributions are not only 
important to the IIAR, but also the 

nation’s and the world’s safe supply of 
food and beverages. Mr. Czarnecki has 
been the chair of the committee during 
its most productive period in IIAR’s 50-
year history.  During this time, of the nine 
published IIAR standards, six ANSI stan-
dards have been developed, three have 
undergone extensive revision, and several 
have been re-affirmed, all according to 
the ANSI Essential Requirements.  The 

standards committee itself has also grown 
significantly, and Mr. Czarnecki has been 
instrumental in the management of over 
40 particularly active members, and over 
100 corresponding members. He has been 
recognized as IIAR Member of the Year, 
IIAR Life Member, and has represented 
the industry and the committee in numer-
ous public forums.

Bob Czarnecki is truly deserving of 
recognition beyond his esteemed status 
with the industrial refrigeration commu-
nity.  His work has affected the public 
in general and the safety and health 
of thousands of practitioners who are 
made safer by the IIAR standards.

We also sincerely appreciate that Bob 
plans to stay on as a corresponding 
member of the Standards Committee.

chairman’s

I
With this letter I would like to point  
out the contributions that our Standards 
Committee Chairman Mr. Robert Czarnecki 
has made to our industry as he steps away 
from the chairmanship, a position he has 
held for over nine years.
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      SENSOR OPTIONS

Manning/honeywell 
replaceMent

portable sensor

NH3

ATI has Replacement Ammonia Gas  
sensors for many Honeywell,  

Manning & Calibration Technologies models. 

$195.00

      LOCATE NH3 LEAKS

c16 portasens ii portable ammonia Detector
ATI’s C16 PortaSens II portable leak detector is used to check 
for gas leaks in storage areas, around process equipment and 
piping, and in confined spaces prior to entry.

Features
• Interchangeable “Smart Sensors” for Over 30 Gases
• NH3 Sensors from 0-50 to 0-2000PPM

www.entechdesign.com              www.analyticaltechnology.com             800-959-0299

For over 15 years, ati has manufactured the ammonia sensors used in your Manning systems  
leak detectors.  now, you can buy direct from the source and save time & money.

• Economical, Dependable, and Direct from the Manufacturer.
• 18 Month “no hassle” warranty.  New sensors supplied at half off if required less  
   than 18 months from shipment.
• And, we offer our own gas transmitters and alarm systems for your expansion needs.
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efore COVID-19, the cold 
chain wasn’t on most 
people’s radar, but shifting 
consumer demands, con-
cern over food supply and 
specific healthcare needs 

during a pandemic put it in the spotlight. 
“It changed last spring when we 

started to see disruptions and chal-
lenges in the early days of the pandemic 
related to food,” said Lowell Randel, 
director of government affairs for IIAR 
and senior vice president of government 
and legal affairs for the Global Cold 
Chain Alliance. “The attention around 
the cold chain got even more intense 
with the vaccines coming online.”

Michael Golek, a spokesman for 
GEA Group Aktiengesellschaft, said 
the pandemic has placed a greater focus 
on the environmental health and safety 
discipline in the refrigeration industry. 
“This is reflected in the strict precau-
tions and procedures put in place to 
ensure that our industry can remain 
operational in order to supply our food 
industry customers with the equipment 

and services 
needed for 
them to continue 
to operate,” he said. 

MEETING THE COUNTRY’S NEEDS 
Throughout the pandemic, Randel has 
been in regular communication with the 
government. “I was saying, ‘We’ve got a 
lot of capacity out there in the cold chain 
industry to provide temperature control 
logistics for whatever type of product 
needs to be stored,” he said, adding that 
most of the needs were for food. “If 
there are significant gaps where there is 
a need to fill distribution and storage for 
vaccines, there are a lot of companies out 
there that are ready and willing to help if 
needed and called upon.”

FOCUSING ON PHARMACEUTICALS 
Randel said the recent focus on pharma-
ceuticals could provide new opportuni-
ties for some in the natural refrigerant 
industry. “All of the attention due to 
the vaccine is giving people the motiva-
tion to evaluate if it makes sense to get 

involved with 
pharmaceuticals,” 

he said. “When you 
think about pharmaceuti-

cals, you have security elements, 
liability considerations, insurance 
requirements and additional licensing. 
There are some complexities in dealing 
with pharmaceuticals.”

Another consideration is that phar-
maceuticals can’t be stored in the same 
area as food. “You would need to have 
plans in place for the segregation of 
product,” Randel said. “I think people 
are looking at what it would take to 
transition some of their operations to 
accommodate pharmaceuticals, but it is 
going to be a very individual assessment 
that companies will make to see how 
a transition to pharmaceuticals fits in 
their long-term plans.”

Golek said, generally speaking, there 
is a trend in the cold chain away from 
the use of traditional cold stores and 
distribution centers that serve various 
companies. “The trend in some regions 
is toward processors developing their 

B

The

HOW THE  
PANDEMIC  

HAS CHANGED 
THE FUTURE

COVIDCOLD 
CHAIN



www.iiar.org  A Publication of the International Institute of Ammonia Refrigeration  |  February 2021  |  CONDENSER  |  9



10  |  CONDENSER  |  February 2021  |  A Publication of the International Institute of Ammonia Refrigeration www.iiar.org

COVER story

own storage and distribution logistics 
and not relying on others to store and 
ship their products. This has created less 
spare capacity among cold stores that 
serve multiple customers,” he said, add-
ing that natural refrigerants remain an 
excellent choice for large cold stores. 

Golek said there are opportunities 
for ammonia and CO2 to support the 
global pharmaceutical manufacturing 
and distribution supply chain. “As most 
industries, ours constantly strives to 

innovate and introduce ways to increase 
efficiency and reduce energy use. This 
benefit is twofold for our customers – 
lower operating expenses and reduced 
carbon footprints,” he said. 

Additionally, low-charge, high-effi-
ciency ammonia chillers and semi-her-
metic screw compressors for enhanced 
safety can improve ammonia’s general 
efficiency in the pharmaceutical cold 
chain, Golek said. 

The COVID-19 vaccines from Pfizer 
and Moderna both have unique tempera-
ture requirements. Pfizer’s vaccine must 
be kept ultra-cold. “They recognized 
the -70-degree requirement was unique, 
and the conventional supply chain is not 
configured to reach those temperatures,” 
Randel said. “They took a packaging so-
lution to address the temperature control 
down to those low temps.”

Pfizer utilizes dry ice to keep the vac-
cine cold. “You’re seeing the use of spe-
cialized packaging, and in many cases, 
it is shipped directly from the point of 
manufacturing to the point of distri-
bution. It isn’t going to a third-party 
warehouse as you might see with food,” 
Randel said. “With food, you have this 
established supply chain where invento-

ries go from manufacturing to ware-
houses to distribution centers and then 
to the ultimate destination. Particularly 
with the Pfizer vaccine, they are not go-
ing through those multiple steps.”

The Moderna vaccine is stored in 
more conventional temperatures. “Your 
average cold storage warehouse and 
traditional refrigerated transport can 
handle those temperature require-
ments,” Randel said. 

ESTIMATING DEMAND
It may take two to three years to under-
stand how the current COVID vaccines 
will affect demand. “Will the vaccine 
need to be administered annually like 
the flu shot? I don’t think we really 
know that yet,” Randel said. 

However, the cold chain’s overall 
demand will continue to grow, but it 
won’t be limited to the pharmaceuti-
cal industry, Randel said. “We expect 
increased demand on the food side as 
well,” he said. “The question of how 
much goes to pharmaceutical as op-
posed to food is a harder question to 
answer.”

Despite the economic downturn in 
2020 following the COVID-19 pan-
demic, new projects with both ammonia 
and CO2 continued for Star Refrigera-
tion, said Robert Lamb, group sales and 
marketing director for Star Refrigera-
tion. “In fact, it has been a record year 
in terms of new equipment contract 
sales,” he said, adding that many proj-
ects have included Star Refrigeration’s 
Azanechiller and Azanefreezer projects, 
which offer low-charge ammonia and 
deliver a new benchmark in terms of 
energy efficiency. 

The temperature-controlled distribu-
tion sector has seen particular invest-
ment in 2020, including new high bay 
cold storage facilities and traditional 
warehouse designs,” Lamb said. “We’ve 
also been involved in retrofit projects, 
removing high GWP gases such as 
R404A for ammonia.” 

There have also been a number of 
Azanechiller orders for the pharmaceu-
tical business, including three off 1MW 
chillers for a leading pharma business as 
part of a new construction project and 
three 1.2MW chillers for another cus-
tomer, replacing old absorption equip-
ment, Lamb said. 

For chill temperature warehous-
es, Star Refrigeration has used its 
Azanechiller product to cool glycol to 
room coolers, Lamb said. “For cold 
storage applications, our Azanefreezer 
has been used, which uses low charge 
ammonia technology,” Lamb said. 

Caleb Nelson, vice president of 
business development for Azane, the 
U.S.-based division of Star Refrigera-
tion, said there has also been an uptick 
in California’s cold storage business, 
specifically in applications where prod-
uct storage flexibility is needed. “This is 
partly due to COVID creating uncer-
tainty in the demands of the consumer,” 
he said. “One quarter a warehouse 
may need to store frozen product, and 
the next may need to transition part 
of the facility to chill storage to accept 
a specific crop of fresh produce, for 
example.”

On the industrial beverage side, Azane 
is doing work with the Azanechiller, 
which is supporting existing facility 
expansions. “Simple increases in demand 
have required additional chiller capacity 
for production,” he said. 

WORKING TOGETHER

Randel said the pandemic has highlight-
ed the adaptability of the cold supply 
chain and emphasized the importance of 
the industry. “I absolutely believe poli-
cymakers will look to us as an important 
partner,” he said. “The cold chain is an 
important part of critical infrastructure. 
We are essential businesses. We play a 
critical function, and we want to partner 
to make sure people have access to safe, 
quality products,” he said.  

“You’re seeing the use of specialized packag-
ing, and in many cases, it is shipped directly 
from the point of manufacturing to the point 
of distribution. It isn’t going to a third-party 
warehouse as you might see with food.”

– Lowell Randel, director of government affairs for IIAR and senior vice president  
of government and legal affairs for the Global Cold Chain Alliance
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or the first time, transcriti-
cal CO2 refrigeration will 
be used to make ice at a 
Winter Olympics, which 
will be hosted by Beijing in 
2022, with the International 

Olympic Committee deciding to use CO2 
refrigeration system for the most iconic 
venues for the Beijing Olympics. The deci-
sion, which the Beijing 2022 Organizing 
Committee announced as part of a joint 
alliance with the United Nations (UN) for 
the Climate Action framework agreement, 
led by the IOC, will decrease the 
overall carbon footprint of the 
Winter Olympic Games in Beijing. 

“This is a landmark deci-
sion which could potentially 
help address the issue of climate 
change, both in China and even 
globally,” said Juan Antonio 
Samaranch, chairman of the IOC 
Coordination Commission for the 
upcoming winter games. “We are 
pleased to see that the IOC’s close 
collaboration with Beijing 2022 
has resulted in such an important 
outcome.” 

Guy Evon Cloutier, CEO of the 
CTC Group and IIAR’s regional 
vice chair for China and Asia, said the 
legacy and sustainability of the games as 
set by the IOC with the Beijing Organizing 
Committee Olympic Games is very ambi-
tious and was a top priority.  CTC is the 
strategic partner of CIMCO Refrigeration 
for the Olympic Projects in Beijing. The 
company has been active in China since 
1999, ever since promoting and developing 
projects for ice and snow in Asia.   

The decision to use natural refrigerants 
was made possible due to close collabora-
tion between Beijing 2022, International 
Sports Federations and the IOC, which 
provided guidance and technical expertise 
on the topic. 

Yumin Liu, general director for the 
venue planning and construction depart-
ment of the Beijing 2022 Winter Olympics 
Organizing Committee (BOCOG), said 
there will be eight competition and non-
competition venues, with nine pieces of 
ice. According to the IOC’s website, CO2 
refrigerant, which has no impact on the 
environment, will be used in the Beijing 
2022 speed skating venue and some of the 
training venues. Ammonia is being used 
for the sliding center for the bobsleigh and 
luge competitions.

“We all know the influence and legacy 
created by Olympic venues, and China 
is making a statement by using refriger-
ants in ways that have never been done 
before,” said David Fauser, director of 
sales for CIMCO Refrigeration, a divi-
sion of Toromont from Canada. “China is 
demonstrating real leadership here in terms 
of these games, 
showing that 
sustainability and 
performance can 
both be achieved 

and elevated 
without compro-
mising each other. 
As we all look at 
what China has 
done, it can only 
create acceptance 
and awareness 
to what can be 
achieved, and that 
is how you make 
a worldwide 
change.”

The National Speed Skating Stadium, 
also known as the “Ice Ribbon,” is the 
only new ice competition venue in the 
Beijing Winter Olympics Park. The main 
stadium covers an area of about 80,000 
square meters and can accommodate 
12,000 spectators. The total ice surface can 
cover up to 12,000 square meters, almost 
equal to the size of a track and field. The 
National Speed Skating Oval’s interior has 
adopted an all-ice surface that can meet the 
competition requirements of five major ice 
sports—speed skating, short track skating, 
figure skating, curling and ice hockey, as 
well as public skating and special events 
and performances. The multi-purpose 

design concept is a first in the world, no 
other speed oval has such configuration 
and capability, Cloutier said.

Beijing 2022 also joined the UN Sports 
for Climate Action framework, which UN 
Climate Change launched in December 
2018. Its goal is to set a clear trajectory 
for the sports community to contribute 

to global climate goals. Beijing 
2022 is one of almost 40 sports 
organizations that have agreed 
to the framework so far. Others 
include the Organizing Com-

mittees for the Olympic 
Games Tokyo 2020 and 
Paris 2024. 

Xinrog Zhang, 
chairman of the Beijing 
Energy Society, said 
most refrigerants on the 
market contribute to the 
greenhouse effects and are 

detrimental to the 
ozone layer. “On 
the other hand, 
carbon dioxide 
is a natural and 
green refrigerant 
that is friendly to 
the environment,” 
he said. “Liquid 
carbon dioxide 
absorbs heat as it 
evaporates, mak-
ing refrigeration 

and ice-making possible. When it re-
leases heat, we can recycle the heat.”

Wayne Dilk, senior vice president 
of CIMCO and specialist of Olympic 
projects, said the Beijing Olympics 
could provide additional opportuni-
ties for natural refrigerants in the fu-

ture. “This being the first transcritical oval 
in the world for the Olympics and will be a 
benchmark. The Beijing Olympic Com-
mittee should be acknowledged for their 
progressive big step forward in moving to 
CO2 systems setting significant guidelines 
for natural refrigerants in the future in such 
a high-profile facility,” Dilk said.

DEVELOPING THE  
REFRIGERATION SYSTEMS
As part of a four-party consortium, 
CIMCO Refrigeration, was contracted to 
provide the ice rink consulting services for 
the project, which includes reviewing the 
conceptual system design, making recom-
mendations and the modifications and 

2022 Winter Olympics Embrace Natural  
Refrigerants, Set the Stage for the Future

F
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final engineering to meet the design criteria, 
and developing and overseeing the project 
installation and the commissioning within 
the quality control parameters for an 
Olympic project.

The CO2 transcritical system being used 
consists of a CO2 system with a nominal 
capacity of 4000 KW (1,140 TR) at -18°C 
SST and 38°C SCT. The transcritical CO2 
includes six packages with each six com-
pressors, six adiabatic gas coolers one for 
each system, and four CO2 recirculation 
vessel packages each with 2 CO2 pumps 
together connected to common suction and 
liquid supply manifolds. 

The floor design consists of 10 
separate refrigerated floor zones, 
including two speed skating 
tracks, one warm-up track and 
two ice rinks each with dedicated 
pumping systems. The other 
six zones are connected into 
two separate pumping systems, 
but with individual zone valves 
and temperature control. The 
floor network is constructed of 
stainless pipe of different sizes 
with stainless headers all sized to 
provide the optimal flow rates to 
maintain uniform temperature 
all over the ice surfaces. 

Carrier is providing the CO2 
pre-fabricated refrigeration 
systems, manufactured by their 
Green & Cool division and imported from 
France. Carrier also has a joint venture 
in China with Haier established in 2001, 
providing local heating, ventilating and air 
conditioning, refrigeration, fire, security 
and building automation technologies for 
the China market.

In a statement, Carrier said a CO2 tran-
scritical for ice making is the most envi-
ronmentally responsible technology in the 
world with direct carbon emissions close to 
zero, thanks to the low GWP of the refrig-
erant. What’s more, the advanced technol-
ogy can control ice temperature variances 
within 0.5 degrees. For post-Olympic 
operation, it can save nearly 2 million kWh 
of electricity each year, making the venue 
sustainable for the long term.

The refrigeration system designed for 
our speed skating oval will allow us to 
control the ice temperature to within 
0.5°C (0.9°F). Xiaonan Wu, board 
chairman of the Beijing National Speed 
Skating company, said carbon dioxide 
refrigeration could help make the oval 
with the most possible even temperature 
across the ice. 

The waste heat generated during the 
refrigeration process will be fully recycled 

and used for the stadium ambient heat-
ing, hot water for ice making process and 
showers, ice melting, and the efficient con-
trol of temperature and humidity all year 
around. The heat recovery system will save 
two million kilowatt-hours of electricity 
every year, Wu said.  

Different sports require different tem-
peratures of ice. “Curling ice operates at 
two degrees higher than hockey ice. Figure 
skating is different than speed skating 
because of the blades. For speed skating, 
the ice has to be as hard as hockey ice, but 
it can’t be much harder because the blades 
are so long, they can’t turn. If it is too 

soft, they 
have a real 
struggle,” 
Dilk said. 

The abil-
ity to main-

tain accurate temperatures should benefit 
athletes, Fauser said. “When it is transcriti-
cal, it really does create the best ice because 
there is no temperature difference across 
the floor,” he said. “For an Olympic event 
where every millisecond matters, that could 
be the difference in winning gold or setting 
a new world record. With this type of 
system mixed with an experienced crew of 
ice makers, this ice will provide unbeliev-
able consistency and glide potential, which 
could make it the highest quality fastest ice 
that the Olympics have ever seen.”

The oil recovery on a CO2 system is dif-
ferent than for ammonia, Dilk said. The oil 
recovery system is unique in that each skid 
has its own oil recovery system. 

The IOC mandates that the ice surface 
is ready for international competition the 

winter before the Olympics, Dilk said. 
“That timeframe leaves timing a little bit 
more difficult because you have access a 
year earlier, and there is a lot of planning 
that goes into it,” he said. 

The speed skating oval was completed 
on Jan. 22 with the making of the first ice 
sheet. From April the ice will be perma-
nently used and start to host pre-Olympic 
games competitions. 

There have been some challenges with 
creating the new venues, including the 
global pandemic. “COVID-19 was by far 
the biggest challenge, with the restriction 
to bring to China some of our overseas 

experts,” said Cloutier, who 
has lived in China since 2002 
and has been involved in the 
Olympic projects in Beijing since 
the beginning.  

Some unique design re-
quirements by the organizing 
committee and operation team 
had issues to be addressed. For 
example, the Ice Ribbon has 

a fourth speed 
skating track. 
“That caused some 
piping design chal-
lenges. The final 
design allows for 
the whole surface 
of 12,000 square 
meters to be 
covered with ice, 
or different section 
independently as 
needed. This is the 

first time, no other speed oval speed oval in 
the world has this layout design, he says. 

Automation has proved to be a chal-
lenge. Siemens Electric will provide the 
hardware for the automation, but Dilk said 
those involved are working on the opera-
tional aspect. “Our last scramble right now 
is to finalize the run logic of the automa-
tion system to run it,” he said, adding that 
the technology will have to synchronize 48 
compressors, 30 temperature sensors as 
well as heat recovery systems. “Everything 
is computerized and can be completely op-
erated and coordinated for high-quality ice 
with the system from the control room.”

The hardest part of building Olympic 
venues is they’re only done every four years 
and experience is limited, but Dilk said 
CIMCO has an advantage because it has 
worked on Olympic venues in the past. 
CIMCO was involved with the engineer-
ing and supply of the ice surfaces for the 
Winter Olympic Games in Vancouver and 
Calgary in Canada, Dilk was involved in 
both projects. 

2022 Winter Olympics Embrace Natural Refrigerants, Set the Stage for the Future
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ell-developed 
standards are 
critical. They can 
empower and 
strengthen users 
with regard to 

marketplace position and even the glob-
al economy. They also ensure the safety 
of consumers and that the environment 
is protected. 

“Knowing what is required by 
standardization saves both time and 
money,” said Tony Lundell, senior di-
rector of standards and safety for IIAR. 
“Standards should ensure safety, and 
that may be the sole purpose of a single 
standard. Standards should also provide 
protection for people and for the envi-
ronment, where applicable.”

The American National Standards In-
stitute was created to guide the develop-
ment of all kinds of standards. How-
ever, ANSI does not write standards. 
“They establish the rules for standards 
development and ensure that the stan-
dards development process is fair, open, 
accessible, and responsive to the needs 
of affected stakeholders and interested 
parties,” Lundell said. 

IIAR is an ANSI-approved standards 
developer, also known as a standards 
development organization or SDO, and 
the association follows set standards 
development procedures to ensure a 
safe and efficient industrial refrigeration 
operating environment. 

“The IIAR suite of standards is 
intended to be a single source for the 
refrigeration community so that they 
don’t have to wade through multiple 
guidelines regarding the use of natural 
refrigerants,” Lundell said. “Often there 
are multiple standards covering a single 
topic, and this can become confusing.”

Eric Smith, technical director at IIAR, 
said IIAR has been able to influence the 
model code bodies due to the complete-
ness of its suite of standards and the 
rigorous ANSI public review process 
used to develop them.  

“We were able to get the model code 
bodies to directly reference our standards 
rather than promulgating their own 
requirements for ammonia refrigeration 

systems,” Smith said. “That allows users 
to have a single reference point for their 
recognized and generally accepted good 
engineering practices (RAGAGEP) rather 
than performing a gap analysis every 
time a system is designed or modified.”

One of the things that makes IIAR an 
ideal candidate as a standards developer 
is its collaborations with allied associa-
tions worldwide, including Columbia, 
Australia, Chile, Costa Rica, and with the 
Eurammon block of European organiza-
tions, Lundell said. “In addition, IIAR has 
strong ties to U.S.-based refrigeration and 
safety organizations such as the Global 
Cold Chain Alliance, ASHRAE, the In-
dustrial Refrigeration Consortium, ASTI 
(Ammonia Safety Training Institute) and 
RETA, the Refrigerating Engineers and 
Technicians Association,” he explained.  

STARTING THE  
ANSI-APPROVAL PROCESS

Because IIAR standards are ANSI ap-
proved, they are subject to a rigorous 

public review process to ensure that 
they represent an industry consensus.   

The standards process starts by 
recruiting stakeholders for a standards 
development committee. That commit-
tee is then divided into working groups 
that will address specific topics within 
the scope of the proposed standard, 
Lundell said. 

Most standards begin with either the 
standards committee or the board iden-
tifying a standards project, which can 
be either a new standard or a revision to 
an existing standard, Smith said. “They 
file a project identification notification 
system with ANSI. That announces to 
the public IIAR is working on a stan-
dards project,” he said.  

Once ANSI approves the proposal, the 
standards development process can be-
gin. ANSI standards start off as a board 
of standards review (BSR) document. 

When the first draft is ready, the stan-
dards committee and the IIAR board of 
directors vote to publish the first public 

The ANSI-Approval Process:  
A Step-By-Step Guide

W

IIAR Suite of Standards Under Periodic Maintenance

IIAR 1 – Definitions and Terminology Used in IIAR Standards

IIAR 2 – Safe Design of Closed-Circuit Ammonia Refrigeration Systems

IIAR 3 – Ammonia Refrigeration Valves

IIAR 4 – Installation of Closed-Circuit Ammonia Refrigeration Systems

IIAR 5 – Startup of Closed-Circuit Ammonia Refrigeration Systems

IIAR 6 – Inspection, Testing, and Maintenance of Closed-Circuit Ammonia 
Refrigeration Systems

IIAR 7 – Developing Operating Procedures for Closed-Circuit Ammonia Re-
frigeration Systems

IIAR 8 – Decommissioning of Closed-Circuit Ammonia Refrigeration Systems

IIAR 9 – Minimum System Safety Requirements for Existing Closed-Circuit 
Ammonia Refrigeration Systems

Non-Ammonia IIAR Standards in Development
IIAR CO2 - Safety Standard for Closed-Circuit  
Carbon Dioxide (CO2) Refrigeration Systems

IIAR HC – Safety Standard for Closed-Circuit  
Refrigeration Systems Utilizing Hydrocarbon Refrigerants
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review draft, Smith said. Each standard 
can go through multiple public reviews. 
“Every public review comment must be 
addressed in one way or another. Every 
comment gets discussed. That is unlike 
the ISO process where only the people 
on the committees get to comment,” 
Smith said, adding that the process can 
sometimes take years.

“Developed responses for each com-
ment are tracked and shared with the 
originating commenters to work to a 
resolution/agreement and eventually 
voted on by the IIAR standard commit-
tee voting members,” Lundell said.

Hallmarks of the ANSI process are that 
consensus must be reached by representa-
tives of materially affected and interested 
parties and that the standards undergo a 
public review, Lundell said. “In addition, 
a consensus body must be assembled to 
verify the standard’s content and verify 
that the ANSI process was met.”

Also, the consensus body is invited to 
comment on the standard either before, 
during or after the public review, Smith 
said. “This is a group we solicit publicly 
through our website,” he said. “It has 
been a steady group of people over the 
last couple of years.”

At this time, IIAR has three consensus 
bodies and will be developing a fourth 
consensus body soon. The consensus body 
rosters can be viewed on the IIAR website.

Lundell said comments must be 
answered in good faith and an appeal 
process is required. “The consensus 
body is responsible not only for verify-
ing a standard’s content as mentioned, 
but also for verifying that all elements 
of the ANSI essential requirements have 
been met,” he said. “The ANSI essential 
requirements include openness, balance, 
lack of dominance among stakeholder 
groups, consensus and due process.”

Ultimately, the consensus body has to 
vote on whether to approve the stan-
dard and the standards committee has 
to vote for publication. “The board, 
standards committee and the consensus 
body are balanced,” Smith said. 

Smith said anybody who is an IIAR 
member can join the committee or be 
corresponding members to get involved 
and then become voting members. 

MAINTAINING STANDARDS

There are different ways to maintain 

standards, Smith said. “IIAR chose 
five-year periodic maintenance,” he 
explained. 

IIAR has also updated several standards. 
IIAR 4 and 8 have been recently updated, 
Smith said. An update on IIAR 2 will be 
released in the next quarter. “IIAR 9 was 
published last year, and IIAR 5, 6 and 7 
was published the year before,” he said. 

“IIAR 1 and IIAR 3 are now open 
for their five-year periodic maintenance 
review, and two other new standards 
are in development for CO2 (carbon 

dioxide) and HC (Hydrocarbon) natural 
refrigerants,” Lundell said. 

KEEPING ACCREDITATION
IIAR is audited by ANSI every five years. 
“We have to prove that we’ve handled 
negative comments in an appropriate 
way,” Smith said. “They audit IIAR 
against ANSI procedures. It is every bit as 
intensive as an annual financial audit.”

“The ANSI audit includes project 
tracking for each standard shows each 
step taken when a standard is being 
developed,” Lundell said.

763-205-0828 
camcolubricants.com

Helping you keep it cool
for over 30 years!
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s the world›s leading advocate 
for the safe, reliable and ef-
ficient use of ammonia and 
other natural refrigerants, 
research is a critical com-
ponent of IIAR’s work. 

IIAR’s ongoing research projects lead 
to improved safety and more efficient 
operations while also shaping industry 
standards. 

CURRENT RESEARCH PROJECTS
The IIAR Research Committee cur-
rently has three active research projects, 
said Bruce Nelson, president of Colmac 
Coil Manufacturing and chairman of 
the Ammonia Refrigeration Founda-
tion. “Each of these projects follows a 
well-defined work statement that was 
first developed and approved by the 
Research Committee, reviewed and ap-
proved for funding by the ARF Board of 
Directors, and then sent to prospective 
researchers soliciting their proposals to 
do the work,” he said. 

The research committee reviews each 
proposal and then selects the successful 
bidder. Each research project is man-
aged by a project monitoring subcom-
mittee appointed by the research com-
mittee chair, Nelson said. The current 
chair is Wayne Wehber. 

The project monitoring subcommittees 
are made up of people on the research 
committee and anyone with a significant 
interest, said Eric Smith, technical direc-
tor at IIAR. “I encourage people to get 
involved if they have a particular interest 
in a research project or a particular type 
of expertise that might be applicable.”

Current research projects are: 
Machinery Room Ventilation and 

Ammonia Release Computational 
Fluid Dynamics Study: The study aims to 
evaluate ventilation system designs and 
requirements for mitigating the chance of 
deflagration during accidental ammonia 
releases in machinery rooms. The re-
search’s potential benefits include reduced 
capital costs, improved safety, and greater 
consistency in design practice. The study 
is being performed by Gexcon US, with 
Dr. Scott Davis as the Principal Investiga-
tor.  Work began in March 2020 and is 
expected to complete by June 2021. 

A Step-by-Step Guide to Estimate 
Ammonia Releases and Reporting: The 

project deliverable is to generate an 
IIAR step-by-step guidance document 
and accompanying spreadsheet calcula-
tor that will aid end-users dealing with 
ammonia releases. This work is being 
conducted by Bent Wiencke and is due 
to be completed by June 2021.

“The idea is to provide an easy-to-use 
methodology and computer spreadsheet 
program to report ammonia releases,” 
Smith said. “It will provide an easier way 
to estimate release amounts and  guid-
ance on what the report should contain.”

Smith said the tool should also help 
companies avoid over-reporting. “Some 
people make a report out of an abun-
dance of caution, so they aren’t fined 
later, but the next thing you know, they’re 
reporting all kinds of incidents that might 
unnecessarily raise a red flag to regulators. 
That isn’t good either,” he said. 

Development of a Design Basis for the 
Avoidance of Hydraulic Shock in Ammo-
nia Pipework Systems using State of the 
Art CFD Modeling: CFD modeling of am-
monia suction lines at the moment of hot 
gas defrost initiation is being conducted 
to analyze condensate induced hydraulic 
shock (CIHS) phenomenon. The research 
is being undertaken by Chidambaram 
Narayanan, at AFRY in Switzerland. 

Smith said it builds on an earlier 
ASHRAE research project on conden-
sate induced hydraulic shock. Currently, 
Narayanan is validating the CFD model 
to confirm the results match work that 
was previously conducted through 
ASHRAE research at Georgia Tech on 
hydraulic shock in ammonia piping. 
The modeling program is also being 
verified against a well-documented inci-
dent involving CIHS. 

IIAR Improves Safety and Operations with 
Ongoing Research and Standards

A

Each IIAR Research Project Goes Through 13 Critical Steps: 

1. A new research topic is identified and forwarded to the research committee 
for discussion and development. These new topics can come from a number of 
sources, including individual members, IIAR committees, the IIAR board of direc-
tors, IIAR staff or other organizations.
2. The research committee evaluates and prioritizes these new topics within the 
overall long-range research plan.
3. A work statement describing the topic and deliverables is developed for the 
highest priority topics using a standard work statement template.
4. The research committee then votes to recommend approved work statements 
for funding by Ammonia Research Foundation.
5. The ARF board of directors reviews the work statements and requests for funding.
6. Work statements approved for funding are returned to the research committee 
and a proposal evaluation subcommittee (PES) is formed.
7. The research committee forwards the work statement to IIAR staff with a rec-
ommended list of bidders.
8. IIAR staff solicits proposals from researchers.
9. Proposals received are forwarded to the PES and evaluated.
10. The PES recommends a bidder to the Research Committee for approval and 
a project monitoring subcommittee (PMS) is formed.
11. The successful bidder’s name is forwarded to IIAR staff, who then negotiate 
the contract for the research with the bidder.
12. Once the contract is signed, the PMS manages the project to completion.
13. Deliverables from the project are forwarded to IIAR staff for publication and 
distribution.

All research at IIAR goes through a strategic process. Bruce Nelson, 
president of Colmac Coil Manufacturing and chairman of the Ammonia 
Refrigeration Foundation, identified these 13 steps that are part of every 
research project. 
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“Once the validation step is com-
pleted, the model will be used to char-
acterize and identify pipe dimensions 
and operating conditions that produce 
hydraulic shock in ammonia piping. The 
deliverable from this project will be a 
set of design guidelines that help design-
ers of ammonia refrigeration piping 
systems avoid hydraulic shock during 
hot gas defrosting,” Nelson said. 

These deliverables are expected to be 
incorporated in our ammonia training 
literature and the Piping Handbook.  

RECENT RESEARCH PROJECTS
IIAR recently completed a project study-
ing insulation installation techniques. 
“It resulted in a report by the researcher 
on appropriate practices for installing 
insulation to both preserve the integrity 
of the insulation and the integrity of the 
system itself,” Smith said, adding that 
the report has been crafted in a soon-to-
be-published guideline on the instal-
lation of the most common insulation 
systems. “The point is to protect own-
ers’ investments and ensure the quality 
of insulation systems. 

Smith added that the guideline pro-
vides the installation techniques as well 
as quality-control methodology and 
basic guidance on maintenance.

Additionally, recent ARF-funded 
research on pressure drop in wet suction 
risers resulted in revised design calculations 
and tools, which were published in the re-
cently revised ammonia Piping Handbook. 

RESEARCH FUNDING
All of the research is funded by the Am-
monia Refrigeration Foundation. “The 
ARF exists to fund education through 
scholarships and research projects of 
importance to IIAR members,” Nelson 
said. “ARF is funded entirely by dona-
tions from individuals, companies, and 
other foundations.”

Nelson said every research project put 
forward for funding must have well-
defined deliverables that are of compelling 
and urgent importance to the IIAR mem-
bership. “Deliverables can take a number 
of forms including important new design 
data for our handbooks, new science-based 
justification for changes to our safety stan-
dards, tools to help our end-user members 
with compliance issues, energy efficiency 
analysis and guidance, etc.,” he said. 

An ARF research project’s cost can 
exceed $150,000, said Joe Mandato, 
chairman of the ARF board of trustees. 
“Annual budgeting for research projects 
is based on the amount of funds avail-
able,” he said. “These funds are gener-
ated from the Foundation’s investment 
income and donations received.”

Donations include pledge payments 
from existing trustees who are in the 
process of fulfilling their $50,000 
pledges, initial pledge payments from new 
trustees, funds from foundations and indi-
vidual contributions, Mandato said. “As 
a result, it is important to add new trust-
ees each year to increase the funds 
available for the foundation to expand its 

research program in terms of the number 
of approved projects and/or the complex-
ity of the projects approved.”

Mandato said the COVID-19 pandemic 
adversely impacted ARF fundraising efforts 
in 2020. “Since July 1st, we have added 
only one new ARF trustee,” he said. “I’m 
hopeful companies are in a better position 
to join the ARF Trustees now that CO-
VID-19 vaccine distribution has begun. 

All IIAR member companies can sup-
port the foundation by becoming ARF 
trustees and designating their donations 
be used for research or by funding spe-
cific research projects, Mandato said. 

Another important Foundation ser-
vice is the Foundation’s scholarship 
program, which has recently received 
a generous $45,000 donation from 
the Kahlert Foundation for fiscal year 
2000 – 2021. This year, the Foun-
dation funded eight scholarships 
for engineering students currently 
pursuing an engineering or related 
technical degree leading to a career 
in the refrigeration field.    

The ARF Founders Scholarship is 
now accepting Applications! Click 
here ARF Scholarship Application 
Form (iiar.org) to submit your  
application.

Call For Applicants:  
Foundation Scholarships

Colmac Coil Manufacturing Announces Leadership Change
Colmac Coil Manufacturing has announced 
that Joe Fazzari, P.E., has been promoted 

to the position of 
President, Colmac 
Coil Manufactur-
ing, effective 
January 1st, 2021. 
Fazzari succeeds 
immediate former 
President Bruce 
Nelson, P.E. who 
has transitioned to 

a new role as Director of Innovation of Col-
mac Coil Manufacturing. Fazzari will have 
the oversight of all operations and strategic 
direction of Colmac Coil.

“I am excited to take on this new challenge 
with our focus being to continue Colmac 
Coil’s growth with new, innovative products 
for the industrial heat transfer industry.” 

said Joe Fazzari, President of Colmac Coil.  

Fazzari has been with Colmac Coil since 
2002, serving as Vice President for 13 
years. He has played an active role in 
helping guide the Company’s strategic 
plan over the past 16 years. Joe is a li-
censed Professional Engineer in the State 
of Washington and is actively involved in 
the International Institute of Ammonia 
Refrigeration community. He also holds 
a B.S. in Mechanical Engineering from 
Washington State University. Fazzari 
has been instrumental in Colmac Coil’s 
growth. 

“I have found that the best way to grow 
our company is to listen closely when 
customers speak and work to develop new 
products and new product features that 
solve problems for our customers,” said 

Fazzari. “If you listen to your customers 
carefully, they will tell you what direction to 
go in order to better serve them.”

Bruce Nelson, former Colmac Coil Presi-
dent of 24 years, will continue to serve as 
Director of Innovation. Nelson led Colmac 
Coil through decades of growth and helped 
make Colmac Coil a leader in the industrial 
heat transfer industry.

“It is very gratifying for me to have seen 
Joe grow and mature as an engineer and 
as an executive manager at the company,” 
said Nelson “He knows our industry well 
and is well known by many in our industry 
having served for several years on the 
Board of Directors of IIAR. Joe is well suit-
ed and well prepared to lead the company 
going forward and will keep our customer-
focused culture going strong.” 

https://www.iiar.org/foundation/ARF_Scholarship/ARF_Scholarship_Application_Form.aspx?WebsiteKey=74f03f30-6d9c-441c-bac6-1800e2b0f023
https://www.iiar.org/foundation/ARF_Scholarship/ARF_Scholarship_Application_Form.aspx?WebsiteKey=74f03f30-6d9c-441c-bac6-1800e2b0f023
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t the December meeting of 
the California Air Resources 
Board, the board voted 
to approve the proposed 
regulation on hydrofluo-
rocarbons that estab-

lished a 150 GWP limit for new ice 
rinks and other types of large refrigera-
tion systems in locations such as cold 
storage warehousing. 

Based on the vote, the proposed 
regulation will be finalized mostly in 
its current form. Any changes CARB 
makes will have to be limited in scope 
and are called “15-day changes” which 
are tweaks to the proposed rule that 
will come out for a final 15-day public 
notice and comment period.  

Christina Starr, EIA senior policy 
analyst, said she expects any 15-day 
changes on this HFC rulemaking to 
be unrelated to the ice rink sector and 
more focused on the air conditioning 
sector for manufacturers that are seek-
ing an additional two-year time delay 
for making a refrigerant transition.

“The biggest takeaway is that the 
more than 80 percent of ice rinks that 
already use ammonia or CO2 would be 
smart to continue opting for these truly 
climate-friendly alternatives,” Starr 
said. “CARB’s decision signals that only 
refrigerants under 150 GWP should be 
considered ‘future-proof’ from a climate 
regulation perspective.”

Under the new regulation, the 150 
GWP limit applies to new ice rinks, 
while a 750 GWP limit applies to exist-
ing rinks. Starr said it’s quite likely 
future regulations will expand this to 
existing rinks as well. “CARB was very 
clear in the hearing that this distinction 
is only because there are some very few 
counties where it could be more chal-
lenging for an existing rink that uses 
a higher-GWP refrigerant to switch to 
ammonia due to local permitting chal-
lenges,” Starr said. 

Gary Schrift, president of IIAR, said 
any regulation in California that re-
quires and promotes the use of natural 
refrigerants is a gain for our industry 
and will most likely expand the use of 
natural refrigerants. 

“We all know that often when Cali-

fornia creates a regulation, other states 
follow, and often manufacturers and 
suppliers follow with their products 
designed to meet California require-
ments so that one does not have to have 
a California version and an ‘all other 
states’ version,” 

Schrift said he was on a call with some 
Latin American IIAR chapter representa-
tives recently who stated ‘we do what the 

USA does.’ “The USA often follows what 
California does, so it only seems likely 
that this decision will expand in the USA 
and Internationally,” he said. 

There was some pushback from 
HFO-HFC blend manufacturers against 
the 150 GWP limit for new rinks. One 
manufacturer voiced concern that 
some CO2 and ammonia refrigeration 
system designs are patented. “However, 
those patents do not limit the numer-
ous design possibilities,” Schrift said, 
adding that the manufacturer expressing 
concern produces a patented refrigerant 
that can only be purchased or licensed 
from that company.

Starr said CARB’s staff responses 
to any concerns indicated the board 
stands by the technical feasibility of the 
proposal CARB approved. “There was 
also a strong showing by a number of 
industry stakeholders that support the 

150 GWP limit,” she said. “There was 
no indication they plan to revisit this 
part of the regulation, though it’s still a 
slim possibility.”

Several proponents of low GWP re-
frigerants shared their thoughts during 
the meeting. “It was really encouraging 
at the hearing to see so much of the 
industry come out strongly in support 
of more ambitious yet feasible climate 

regulations that will reward the in-
novation and entrepreneurship of the 
companies that have made the most 
sustainable choices,” Starr said. 

During the December meeting, Mary 
Nichols, then administrator of CARB, 
said HFCs are synthetic chemicals that 
are very powerful short-lived climate 
pollutants and present an immediate 
threat to the atmosphere.  

“Refrigerants in particular are an 
overwhelming problem at this point. 
The growth and use of these chemicals is 
extraordinary around the world as devel-
oping countries improve their standard 
of living,” Nichols said. “Fortunately, 
there is a transition underway around 
the world to more climate-friendly 
refrigerants. It is important those of us in 
California do our part as we also move 
ahead with other chemicals as well. 

CARB Moves Forward on Low-GWP  
Requirements for California Ice Rinks

A
“The growth and use of [refrigerants] is extraor-

dinary around the world as developing countries 
improve their standard of living. Fortunately, 
there is a transition underway around the world 
to more climate-friendly refrigerants. It is impor-
tant those of us in California do our part as we 
also move ahead with other chemicals as well.”
–Mary Nichols, then administrator of CARB
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he number of coun-
tries ratifying the Kigali 
Amendment to the Mon-
treal Protocol is steadily 
growing. 

In 2016 in Kigali, Rwanda it was 
agreed to phase down hydrofluorocar-
bon (HFC) refrigerants for environ-
mental reasons. The amended Montreal 
Protocol is the instrument that will 
make this happen. 

In November 2016, the Paris Agree-
ment entered into force. The Paris 
Agreement is a legally binding interna-
tional treaty on climate change. At the 
time of writing, 190 Parties out of 197 
Parties to the Convention are Parties to 
the Paris Agreement.

The goal of the Paris Agreement is 
to limit global warming to well below 
2°C (3.6F), preferably to 1.5°C (2.7F), 
compared to pre-industrial levels. 

The science and the politics that have 
led to these agreements are therefore 
obviously considered conclusive. Within 
polities across the world, legislation and 
regulations are or have been evolving that 
reflect the above two global initiatives. 

For practitioners within the refrigera-
tion industry, the time for questioning 
what has led us all to this point has 
passed. It is now necessary to focus our 
combined efforts and expertise on the 
responses to the new regulatory and 
legislative environments that either are 
or will be realities soon. 

The ammonia refrigeration industry, 
which already uses one of the most energy-
efficient and environmentally benign refrig-
erants available, does not have to concern 
itself with too many of these energy conser-
vation initiatives, right? Wrong. 

Is this as good as it gets? Is the am-
monia refrigeration industry as energy 
efficient as it can be? If not, how is the 
energy conservation potential of ammo-
nia refrigeration plant generally (exist-
ing as well as new) quantified, and how 
is this potential realized? 

Ammonia refrigeration plants are 
employed in a variety of different ap-
plications. To shed light on some of the 
questions raised above, mixed refriger-

ated warehouses have been used as a 
sample application in the following. 

Refrigerated warehouses have been 
the subject of numerous energy perfor-
mance analyses by many researchers 
over several decades. There are not 
many analyses, however, that mainly 
focus on ammonia refrigeration plant. 

Secondly, the results of the published 
analyses have, with few exceptions, 
been grouped to show designers and 
users average energy performance prac-
tice as opposed to best practice energy 
performance. 

If users and designers examine their 
key performance indicators and deter-
mine that they fall within the average 
industry practice bracket, it is tempting 
to conclude that the plant they possess 
is indeed as good as it gets. 

It is, however, the difference be-
tween average industry practice and 

Energy Performance Benchmark-
ing: Considering the Efficiency of an 
Ammonia Refrigeration Installation
S T E FA N  J E N S E N ,  S C A N T E C

T
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Figure 1. Typical SEC-values for refrigerated warehousesFigure 1. Typical SEC-values for refrigerated warehouses

best practice energy performance that 
will provide a measure for the energy 
conservation potential of a particular 
application. 

So, what is the best practice energy 
performance for an ammonia refrigeration 
system servicing a refrigerated facility? 

Generally, the energy performance of 
a refrigerated warehouse is measured in 
kWh per unit refrigerated volume per 
year or kWh.m-3.year-1 (kWh.ft-3.year-1). 
This is also referred to as Specific Energy 
Consumption (SEC). Figure 1 provides 
examples of recorded SEC-values. 

The color-coding of the performance 
values is self-explanatory. The systems 
represented by the yellow dots are 

highly energy-optimized, dual-stage 
ammonia refrigeration plants with screw 
compressors and liquid overfeed. These 
systems were designed and constructed 
between 1999 and 2013 by one refrig-
eration contractor for one client. 

What is noteworthy in relation to 
Fig. 1 is the spread between the SEC-
values. Some of this spread is of course 
explained by differences in peripheral 
conditions and differences in the ways 
the individual warehouses are operated. 

What is also evident is that the SEC-
values of certain plant types form a 
significantly closer and more predictable 
cluster than others. This is the case for the 
systems represented by the green dots. 

The green dots characterize refrigera-
tion plants with a significant focus on 
superior part load energy efficiency. This 
translates into multiple smaller compres-
sors, extensive use of rotational speed 
control, and detailed optimization of the 
operating envelopes of the individual 
heat exchangers throughout the systems. 

The plants represented by the green dots 
are also not penalized by the presence of 
relatively heavy liquefied refrigerant in 
the suction lines/risers. Particularly at part 
load, the presence of liquefied refrigerant 
in suction lines and risers can cause very 
significant line pressure drops and serious 
energy performance penalties. 

Within Fig. 2 is illustrated an achiev-
able best practice energy performance 
benchmark. The benchmark is based on 
recorded SEC-values of ammonia refrig-
eration plants operating in the field. 

The graph for the best practice 
energy performance benchmark is 
SEC=16,000V-0.61 kW.h-0.61 m-3*.year-1 
where the refrigerated volume V is inserted 
in m³. The blue graph SEC=78,673V-0.631 
represents average practice for the facilities 
recorded in this example. 

The vertical distance between the two 
graphs represents the energy conservation 

Generally, the energy performance of a refrig-
erated warehouse is measured in kWh per unit 
refrigerated volume per year or kWh·m-³·year-1 
(kWh·ft-3·year-1). This is also referred to as 
Specific Energy Consumption (SEC). Figure 1 
provides examples of recorded SEC-values. 
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ENERGY efficiency

Figure 2. Best and average practice energy performances

potential. For a 100,000 m³ (3,531,467 
ft³) warehouse, the energy conservation 
potential is 55-14.3=40.7 kWh/m³*a 
(1.15 kWh/ft³*a) or a 74% reduction. 

So, what explains the recorded spread 
in SEC-values aside from variations in 
peripheral conditions?

This can be answered in one sentence 
– lack of attention to overall system 
energy performance at partial load. 

Let us have a look at some practical 
examples. 

The first one is a conversion of a small 
5.250 m³ (185,400 ft³) refrigerated food 
service facility from air cooled, single 
stage R404A based condensing units 
with electric defrost to a dual stage cen-
tralized, low charge NH3 plant with hot 
gas defrost and evaporative condenser. 

The recorded reduction in SEC is 57 
to 71% depending on the time of year 
and plant control settings. 

The second example is the replacement 
of an existing NH3 plant with two single 
stage economized screw compressors, 
gravity flooded refrigerant feed, hot gas 
defrost and evaporative condenser with a 
dual stage, centralized, low charge NH3 
plant with reciprocating compressors 
and hot gas defrost – refrigerated volume 
10,000 m³ (350,000 ft³). 

The before/after annual operating 
expenses (sum of energy and maintenance 
costs) are $275,000 and $83,000 respec-
tively. The simple pay-back is five years. 

The third example is a 60,000 m³ 
(2,119,000 ft³) refrigerated distribution 
facility with 300 tons/week blast freezing 
capacity. Based on the first electricity 
account after commissioning, the new fa-
cility features 57% lower annual energy 
costs ($370,000 versus $865,000/year) 
than the almost identical neighboring 

facility serviced by a conventional liquid 
overfeed NH3 plant. 

It is anticipated that this initial energy 
performance advantage recorded for the 
third example will increase further as 
steady state conditions are established 
within the new facility. 

The tasks that lie in front of us all are 
clear, but not necessarily easy. Collectively, 
we need to examine our past performances 
within the area of energy efficiency engi-
neering as applied to industrial refrigera-
tion, identify shortcomings, and improve. 

This will no doubt challenge some 
well-established conventions, but there 
is not anyone better at challenging what 
we do than ourselves. Collectively, we 
clearly have what it takes to do this job. 
In IIAR we have an excellent forum for 
information exchange. We must start 
this journey now. The time is right. 
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Emergency Series Part 2: Emergency 
Shutdown and Response
J E N  A L L E N ,  A L L E N  S A F E T Y  L L C

e saw in part 
one of our 

Emergency 
Series covering 

Pre-Emergency 
Planning (November 

2020 Condenser, page 25) that, as an 
industry, we are having to reframe how 
we look at ammonia leaks. From em-
ployee turnover creating less experience 
in our engine rooms to aging equip-
ment, we are finding that HAZMAT 
scenarios have become part of the busi-
ness.  We have also found that, based on 
the safeguards an organization puts in 
place to address these leaks, ammonia 
leak management can be simple.  In this 
second article, we will take you step-
by-step through the emergency response 
process.  From initial leak identifica-
tion through releasing the area back to 
normal operations, we will provide you 
with tools and strategies to ensure any 
leak at your location is well-coordinated 
and well managed.

WHAT CAUSES A LEAK,  
AND WHEN IS IT HAZMAT?  

When we think about what can cause 
an ammonia leak, several scenarios 
come to mind:  construction, line 
break, repair and maintenance, weath-
er, mechanical integrity, wear and tear, 
wrong parts, sanitation chemical cor-
rosion, and power industrial trucks to 
name a few.  But how do we recognize 
if the leak is a “nuisance leak” or if a 
HAZMAT scenario is occurring?  To 
make this determination, we may need 
to reframe how we view HAZMAT re-

sponses.  Often the term “HAZMAT” 
brings to mind an outside agency re-
sponse and level A suits, but it may be 
beneficial to view HAZMAT responses 
with a more modern lens where we 
define a HAZMAT response as a re-
sponse to an unexpected ammonia leak 
at or above a facility’s pre-determined 
evacuation levels, in which respond-
ing operators or technicians match the 
level of PPE worn to the leak’s severity.  
To aid in this, the following questions 
can be helpful:

• Is the presence of released ammonia 
unexpected, and not the result of 
planned repairs/maintenance?

• Is the concentration of ammonia in 
the technician’s breathing zone where 
they would stand to make the adjust-
ments/repair greater than the facil-
ity’s pre-determined evacuation levels 
for ammonia?

• Is the concentration of ammonia 
rapidly increasing?

• Per the facility’s emergency programs, 
would the operator or technician be 
required to either don additional PPE 
to fix the leak or evacuate the area? 

• If operators or technicians answer 
yes to the questions above, then 
the scenario would likely require a 
HAZMAT response.

OSHA’s HAZMAT and Emergency 
Response standard, 1910.120, outlines 
emergency responses as those where 
a group of responders, either internal 
or third party, comes from “outside 

the immediate release area” to ad-
dress a leak that has a good chance of 
becoming uncontrolled or significant 
in size.  Within this standard OSHA 
allows employees to address the release 
without classifying it as a HAZMAT 
response if:

1. They are within the immediate  
leak area

2. They feel the release can be easily 
controlled and/or managed

3. There are no safety hazards present 
at the time of occurrence

The complete standard can be 
found at https://www.osha.gov/
laws-regs/regulations/standardnum-
ber/1910/1910.120

In any case, a facility should estab-
lish protocols for a leak investigation, 
what situations constitute safety haz-
ards, and when HAZMAT responses 
should be initiated. Operators and 
technicians should be familiar with 
these protocols.

THE RELEASE 

Once it is established that a HAZMAT 
response will be required, a facility has 
two choices.  If there is a trained inter-
nal HAZMAT team at the facility, a 
trained Incident Commander- someone 
with a current HAZMAT Technician 
Certification as well as a current Inci-
dent Command Certification- will need 
to take over the scene.  Alternatively, 
if the facility does not have a trained 
HAZMAT team on-site, they will need 
to call a third-party HAZMAT team 

W

This article has been updated from a previous version to distinguish the 
differences between a nuisance leak response and a HAZMAT response.

Emergency response or responding to emergencies means a response effort by em-
ployees from outside the immediate release area or by other designated responders 
(i.e., mutual aid groups, local fire departments, etc.) to an occurrence which results, 
or is likely to result, in an uncontrolled release of a hazardous substance. Responses 
to incidental releases of hazardous substances where the substance can be absorbed, 
neutralized, or otherwise controlled at the time of release by employees in the immediate release area, or by maintenance 
personnel are not considered to be emergency responses within the scope of this standard. Responses to releases of 
hazardous substances where there is no potential safety or health hazard (i.e., fire, explosion, or chemical exposure) are 
not considered to be emergency responses.

https://www.osha.gov/laws-regs/regulations/standardnumber/1910/1910.120
https://www.osha.gov/laws-regs/regulations/standardnumber/1910/1910.120
https://www.osha.gov/laws-regs/regulations/standardnumber/1910/1910.120
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to respond.  This can include a fire de-
partment or a hired response company.  
The facility will then stand down, not 
making entry into the hot zone regard-
less of victim or leak status, and upon 
the arrival of the third-party respond-
ers, the facility’s role will be to advise 
and support from the cold zone.  

If the facility has an internal 
HAZMAT team, the Incident Com-
mander will need to determine what 
PPE Level and response style is re-
quired.  To accomplish this, additional 
leak investigation may be needed using 
the investigation protocols created 
during emergency pre-planning.  These 
protocols outline the number of par-
ticipants, what meter will be used, and 
when to don respiratory equipment.  
Based on the information the investiga-
tion yields, the Incident Commander 
can determine the following:      

• Is the quantity of ammonia lost small 
or large?

• Do any local, state, and federal agen-
cies require leak notification?

• Are shelter in place or evacuation 
orders necessary for the facility itself, 
surrounding businesses, or residential 
neighbors?

• What Level of PPE is required? 

• Does the team have the training and 
medical qualification to respond at 
that Level, and in that PPE? 

• Is the required PPE on hand, in good 
working order, and in sufficient 
amounts for each participant?

• Are there enough trained personnel 
present on-site to safely respond? 

• Is an offensive response (to include 
victim rescue and leak shutdown), or 
defensive response (emergency stop 
button is pushed) required? 

• Is your team trained to perform of-
fensive or defensive leak responses?

Upon answering these questions, the 
Incident Commander will begin putting 
a response plan into place.  If the Inci-
dent Commander determines a facility 
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evacuation is required, trained location 
evacuation coordinators will begin 
evacuating personnel to pre-identified 
locations up-wind of the leak while the 
Incident Commander is conferring with 
location refrigeration technicians to de-
velop a plan to address the leak or any 
life safety/victim concerns.  It would be 
typical that law enforcement and fire 
support aid in the evacuation notifica-
tions for any neighboring businesses or 
residential areas. 

PPE SELECTION

With site evacuation coordinators and 
local agencies managing shelter in 
place or evacuation needs, the Incident 
Commander can turn their focus on 
outlining specific plans for addressing 
victim management, where the leak 
is occurring, the size of the leak, how 
long the leak has been active, options 
for shutting down the leak, and PPM 
of ammonia in the areas where vic-
tims and/or valves for shutdown are 
located.  For PPE determination there 
are two options.  If the leak is known 
to be under IDLH in areas the entry 
team will need to access, a response 
in APRs and ammonia gloves paired 
with a standard work uniform, Level B 
suit, or rain suit- often called a “Stage 
2 HAZMAT Response” or “Limited 

HAZMAT Response”- is sufficient.  If 
significant time has gone by since the 
initial investigation, Levels are at or 
above IDLH, or if leak concentrations 
are unknown, a “Stage 3” or “Level 
A HAZMAT Response” is required.  
While in the past facilities trained using 
Level B for ammonia leak responses 
that were just over IDLH, viewing 
them as a “less risky” PPE option, we 
have found in live applications this 
concept is not practical.  This is due 
to many Level B manufacturers not 

providing a max PPM concentration 
for Level B use.  That coupled with the 
possibility of finding the leak is both 
liquid and vapor, a mixture of am-
monia and other chemicals, or exceeds 
their location’s Level B threshold all 
make a response in Level B undesir-
able.  This is because these scenarios 
all require the entry team to return to 
the cold zone where entry and backup 
teams must change to Level A, with en-
try teams re-entering the hot zone 20+ 
minutes later to manage a leak that has 
increased in size and duration, adding 
unnecessary risk for entrants.        

BRIEFING AND GOALS

Once the team has determined PPE 
Levels, the Incident Commander will 
begin verifying last dates of training, 

training Levels, and that physicals 
and fit testing are within the last 12 
months.  (Even during a pandemic, 
training and medical questionnaires/
evaluations should be within 12 
months).  Officer roles will be assigned 
according to the style of response 
chosen.  If a Stage 2 or APR response 
is required, two entry, two backup, 
and an on-site Incident Commander 
will begin the briefing session.  For 
a Stage 3 or Level A response, the 
Incident Commander will instruct the 
2-person entry team and a 2-person 
backup team to begin having their 
pre-entry vitals taken by the Medical 
Officer and begin dressing in Level A.  
A Decontamination (Decon) Officer 
would begin setting up a three-stage 
wet decontamination zone prior to 
entry, allowing the team to be im-
mediately decontaminated upon their 
arrival to decon regardless of what is 
identified in the hot zone.  This could 
include victim management, heat stress 
recovery, a mixture of chemicals or oil, 
or a liquid leak.  This versatility makes 
wet decon preferential to a dry decon, 
which can only be used for ammonia 
vapor.  Once decon is staged, the team 
member would have their pre-entry 
vitals taken by the Medical Officer, and 
dress in Level B.  Based on the number 
of additional team members available, 
the roles of Entry Team Officer, Safety 
Officer, Logger, and Security Officer 
roles may also be assigned.    

Once the team is ready to make 
entry, the Incident Commander will 
review the goals of the entry with the 
goals of Life Safety (remove and treat 
victims), Scene Stabilization (leak 
shutdown or hitting the emergency 
stop), and Property/Product Conserva-
tion in mind, in that order.  For entry 
teams performing refrigeration tasks, it 
is important that a trained and quali-
fied operator perform the refrigera-
tion tasks.  The roles of the second 
entrant, backup team, or for an entry 
team that is only removing victims can 
be filled by anyone that is current on 
their technician training and medical 
qualifications.  This is something that 
can be extremely relevant for responses 
where there are limited operators that 
can pass vitals, where multiple entry 
teams are required, or for off-shift, 

If significant time has gone by since the initial  
investigation, Levels are at or above IDLH, or if leak 
concentrations are unknown, a “Stage 3” or “Level 
A HAZMAT Response” is required.  While in the past 
facilities trained using Level B for ammonia leak  
responses that were just over IDLH, viewing them  
as a “less risky” PPE option, we have found in live  
applications this concept is not practical.  
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weekend, or holiday responses when 
team members called back are slow to 
arrive at the location. 

Communication methods and 
expectations should be covered, 
including who on the entry team will 
communicate with the Incident Com-
mander, as well as specific parameters 
for exiting the hot zone.  For a Stage 2 
entry, expectations to exit the hot zone 
would include meter readings nearing 
250PPM (immediately dangerous to 
life and health, IDLH, for ammonia 
is 300PPM).  For a Stage 3 Level A 
entry, a typical expectation might be 
when the SCBA “bell” beings ringing, 
or when there are approximately 10-15 
minutes of air remaining in the tank.  
For either stage response, entrants 
should exit the hot zone if conditions 
inside the hot zone are different than 
expected or change, rendering the ini-
tial plan unsafe to complete, unachiev-
able, or ineffective.      

The emergency portion of the loca-
tion’s SOP should be reviewed and then 
followed by the entry team, provid-
ing the team with specific detailed 
information on how to shut down and 
isolate a leak for each specific piece 
of equipment at that site, based on 
that unique system.  Support docu-
ments such as accurate P&IDs and 
block flow diagrams can be extremely 
helpful for refrigeration operators and 
PSM coordinators when locating what 
valves should be closed, the order in 
which they should be closed, if any 
pump-out lines exist, and any drain 
time required to avoid trapping am-
monia.   If the team determines that the 
pre-determined site-specific emergency 
shutdown procedures written into the 
SOPs- that receive an annual review by 
operators- cannot be followed for any 
reason during the response, it is highly 
recommended that the Incident Com-
mander or logger document during the 
briefing the reason these procedures 
cannot be followed.  The team will also 
need to document what procedures 
were followed instead, and why a dif-
ferent method was utilized. 

THE RESPONSE

Once the entry team departs the cold 
zone, the Incident Commander will 
have frequent check-ins with the entry 

team, with the entry team providing 
updates on their location, meter read-
ings, what step of the plan they are 
completing, and when they are return-
ing to Command or Decontamination.  
This accomplishes two goals.  One, it 
allows the IC to track the specific loca-
tion of the entry team in case backup 
must be activated.  Two, it allows the 
IC to verify conditions inside the hot 
zone and determine the goals and plans 
for the next entry team.  If any of the 
pre-determined scenarios for immediate 
departure of the hot zone arise (meter 
readings, conditions, elapsed time), the 
entry team will return to Command.  
If for any reason the IC loses commu-
nication with the entry team, or if the 
entry team does not return within the 
expected timeframe, backup will be 
sent to retrieve the entrants.   

VICTIMS AND DECONTAMINATION:

If victims are removed from the hot 
zone, there are two options based on 
a team’s training level.  If the team is 
a Stage 3 Level A trained team, the 
team can begin treatment of victims 
immediately by providing a wet de-
contamination as victims arrive at the 
decontamination zone.  Decon and 
Medical Officers will coordinate with 
ambulance crews for victim medical 
management once initially decontami-
nated.  If the facility has no HAZMAT 
team, or, a Stage 2 or Limited Response 
HAZMAT team, the facility would 
work with the area fire department 
or ambulance crew to decontaminate 
and treat any victims removed from 
the hot zone.  Once victims are being 
treated- or if there were no victims 
removed- the entry team will be de-
conned, swabbed to ensure there are 
no residual contaminants, and return 
to the cold zone where PPE is removed 
and post-entry vitals are taken.  

RELEASING THE AREA:

The entry, decontamination, re-entry 
cycle may continue several times based 
on if there were victims, leak size, 
duration, location, valve accessibility, 
number of leaks, mechanical integrity 
in the area where the leak was shut 
down/isolated, and the accuracy and 
effectiveness of the location’s SOPs.  
Once the final entry is made and the 

Incident Commander has verified the 
shutdown was successful and the area 
is ventilating, the team can begin focus-
ing on returning to normal operations.  
This includes: 

• Collection of any logger notes

• Obtaining written statements from 
all participants

• Lock/tag any required valves and 
secure rooms 

• Contact a hazardous waste hauler to 
neutralize and remove any contami-
nated items

• Schedule any required repairs

• Completion of an event critique

• The final step includes the comple-
tion of an incident investigation 
addressing how and why the leak 
occurred, with a written action plan 
including responsible parties and es-
timated completion dates to prevent 
re-occurrence.   

LASTING EFFECTS:

HAZMAT response timelines can range 
from 15 minutes to 8+ hours, but with 
proper pre-emergency planning and 
emergency response safeguards, a facil-
ity can take back control of what his-
torically was viewed as an uncontrolled 
event.  The impact this planning has on 
risk reduction for responders, response 
time to victims, and length and severity 
of the leak, all also directly affect a 
facility’s bottom line through produc-
tion downtime and product loss. This 
makes thoughtful and detailed emer-
gency management programs not only 
the right and responsible thing to do 
for employees and neighbors but also a 
benefit financially to every location.   

Jen Allen is the Vice President for 
Allen Safety LLC, which specializes 
in confined space rescue training, 
HAZMAT training, and customized 
Safety & PSM audits.  
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Unknowns

LEARNED?

LESSONarticipating in IIAR confer-
ences, webinars, commit-
tees, and sub-committees 
has certainly increased 
my knowledge and my 
access to information. 

I have listened to and worked with 
very knowledgeable people from many 
backgrounds. Even after being involved 
in the ammonia refrigeration industry, 
and specifically IIAR for many decades, 
I am still learning. This reminds me of 
a famous statement I read in a book 
by Donald Rumsfeld, who served as 
George W. Bush’s secretary of defense. 
Rumsfeld said:

“As we know, there are known 
knowns; there are things we know we 
know. We also know there are known 
unknowns; that is to say, we know there 
are some things we do not know. But 
there are also unknown unknowns—the 
ones we don’t know we don’t know.”

The part of this quote that still 
surprises me today is how many times I 
experience “unknown unknowns.”

I am not going to get into the details 
of some of the “unknown unknowns” 
that I have run into, but generally 
describe three examples of things I re-
cently “didn’t know I didn’t know.”

In doing maintenance of ammonia 
equipment and piping one primary 
concern is that the work is done safely. 
A lot of thought has gone into what 
should be done to be safe, yet still, be 
able to perform the intended activity.

One example, where I have been sur-
prised at what I didn’t know, is entering 
an evaporative condenser. I have been 
inside of many evaporative condensers. 
Before entering a unit certain precau-
tions are taken, such as: verifying that 
the fans and water pump(s) have been 
shut down and locked out; and visu-
ally looking inside the unit for possible 
interior hazards. Before I knew of such 
a thing as Legionnaires’ disease, I, and 
everyone I knew, just went inside the 
condenser. I have not heard of someone 
catching Legionnaires’ disease from 
entering an evaporative condenser, but 
it does seem to be a potential area that 
could have the bacteria. Now wearing 
some type of breathing protection seems 
like good advice.

Does the interior of an evaporative 
condenser qualify as a confined space? 
I didn’t really give this much thought, 
however in conversations with knowl-
edgeable people on this topic, evapora-
tive condensers do fit the requirement 
of a “Permit Required Confined Space” 
(PRCS). As I mentioned, decades ago 
I never saw an evaporative condenser 
with signage identifying the space as a 
“Confined Space.” It wasn’t until about 
the last 10 – 15 years that I started see-
ing some units with a sign, and the few 
I saw had a sign saying something like, 
“No-permit required Confined Space”, 
which from what I have understood 
would not be appropriate signage. 

If the interior of a condenser is PRCS, 
what does that mean? Here I have run 
into “unknown unknowns”, and this 
issue is still being discussed by knowl-
edgeable people participating in the 
IIAR Safety Committee. One of the 
challenges with entering an evaporative 
condenser is the ammonia in the coil. If 
there is even a “potential” of a release 
of a hazardous substance, then certain 
actions, according to OSHA, must be 
taken. The ammonia must be removed 
from the coil. That’s easier said than 
done, but assume there is a safe way 
to do that. The next hurdle is isolation 
of the coil from the system. There are 
three methods for doing this, however, 
no evaporative condenser installation 
I have seen can be isolated using one 
of those methods.  How we match up 
what we have (design and procedures) 
with what the OSHA regulations appar-
ently require, is a challenge. Hopefully, 
over the next several months, a reason-
able recommended approach will be 
determined.

Another example: Air purifying respi-
rators. Early in my ammonia refrigera-
tion career, I was at times assigned to 
assist a refrigeration technician as work 
was done changing piping and control 
valves on an active ammonia system. 
During the 1960’s I had no knowledge 
of PPM levels, I just knew ammonia 
made my eyes water, breathing difficult, 
and I wanted to leave the space. How-
ever, when ammonia became too irritat-
ing we wore a canister style full-face 
respirator, the kind with the elephant 

hose from the mask to the canister. I 
also did not know there was such a 
thing as “fit testing”, nor did the people 
I worked with.  All we knew at the time 
was that if the face seal was good, we 
didn’t experience effects on our eyes or 
breathing due to the ammonia.

At that time I didn’t know there 
might be devices that could measure 
the PPM of the ammonia. I’m not sure 
that such measuring devices were even 
generally available to purchase. What 
PPM levels we were working in was un-
known. We now know the levels should 
be measured and monitored. It was 
also not known that ammonia within a 
fairly narrow range of concentrations 
in air, and in an enclosed space could 
possibly ignite.  We now know this.  I 
did see flame erupt out of cut lines, but 
at the time we thought that was just the 
residual oil, not realizing that ammonia 
vapor might have been part of the flam-
ing action. We also heard some scary 
sounds inside of a few pressure vessels. 
All the time doing work I know I was 
never in a concentration that was high 
enough to result in a possible ignition. 
I was never in a hazy ammonia atmo-
sphere, but this was due to luck, not 
knowledge. At the time the only testing 
means we had was that if you started to 
feel stinging it was time to leave.

Even if you didn’t feel stinging, the 
canister would eventually reach a 
saturation level (you started smelling 
ammonia in the mask), which told you 
it was time to change the canister.

As time has gone by, more and more 
people started using cartridge-style 
instead of canister-style full-faced am-
monia masks. Presently a large percent-
age of air purifying respirator (APR) 
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masks are cartridge style. What I 
didn’t know until fairly recently is 
there is a difference in the specifi-
cations NIOSH uses for masks. A 
cartridge-style meets the specifica-
tions for a 23C, which is good for 
PPM levels up to, but not over 300 
PPM, the IDLH for ammonia. The 
canister-style mask is a 14G, which 
is also good for 300 PPM. However, 
while wearing the 14G a person could 
accidentally be in a higher PPM level 
due to a sudden release and they can 
justifiably escape, they just cannot go 
back in the above 300 PPM environ-
ment. So, with the 23C a person 
never goes above 300 PPM, but with 
a 14G style, you could be above 300 
PPM and escape. This for me was an 
unknown unknown, and I am still 
studying this one.

One more example of an unknown 
is a term I never thought of that now 
applies to something I know a fair 
amount about, which is ammonia. 
I have seen liquid ammonia many 
times. If you were upwind and the 
pool has stabilized, you might first 
think it was water. After a first few 
seconds, you should notice visible 
vapor forming and disappearing just 
above the liquid surface, like wisps of 
smoke. Ammonia is a clear and very 
cold liquid at atmospheric pressure.

Not too many months ago, while 
on a conference call I heard the term 
“Green ammonia.” What is that? 
Even though I am Red/Green color-
blind, I know ammonia is most often 
clear (other impurities such as oils, 
etc. might change the color). The 
term actually doesn’t apply to the 
color, but to the energy source used 
to produce it. In this case, ammonia 
is being produced using solar or wind 
power generating methods. Thus 
ammonia is called green because it’s 
being produced using a renewable 
energy source.

There are many unknowns, and 
even unknown unknowns, even 
within our industrial ammonia refrig-
eration industry. As we stay involved, 
listen, and learn, we can, over time, 
change many of these unknowns into 
knowns, which can improve designs, 
operation and maintenance, and over-
all safety for all.
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Choosing Between Traditional 
and Roth IRA’s

Do I need a tax deduction, and am 
I eligible for it?
• If you are covered by a workplace 

retirement plan and are a single filer, 
adjusted gross income (AGI) under 
$66,000 will allow for a full tax deduc-
tion on a traditional IRA contribution.

• If you are covered by a workplace 
retirement plan and are married filing 
jointly, AGI under $105,000 will 
allow for a full tax deduction on a 
traditional IRA contribution.

• If you (and your spouse if married) 
are not covered by a workplace retire-
ment plan, you can have any AGI 
level and fully deduct your traditional 
IRA contribution.

Am I eligible to make a Roth IRA 
contribution?
• If a single filer and have AGI under 

$125,000, you may make the full 
$6,000 ($7,000 if age 50+) Roth IRA 
contribution.

• If married filing jointly and have AGI 
under $198,000, you may make the 
full $6,000 ($7,000 if age 50+) Roth 
IRA contribution.

Is my tax rate going to be higher 
now or higher in the future?
• If you believe your tax rate is going to 

be the same or higher in the future, a 
Roth IRA is more beneficial, as those 
assets will be tax-free after five years 
and age 59½.

Are my beneficiaries in high tax 
brackets?
• Under the SECURE Act’s 10-year rule, 

non-spouse beneficiaries must have 
inherited IRAs depleted over 10 years 
instead of taking minimum distribu-
tions each year over a life expectancy.

• If beneficiaries are in a high tax 
bracket, inheriting tax-free Roth IRA 
money does not get taxed at the ben-
eficiary’s high rate.

How long do I have until retire-
ment or needing access to this 
money?
• The younger the investor, the longer 

time horizon he or she has to com-
pound earnings in an IRA.

• Since Roth IRA earnings will eventu-
ally be tax-free, Roth IRAs become 
more appealing for younger investors.

Bonus question: Do I have a larger 
concentration of pre-tax or Roth 
IRAs and retirement plans?

• By having a large concentration of 
only pre-tax IRAs and retirement 
plans, you are subject to RMDs and 
must start paying taxes on this money 
at age 72.

• By having a tax-diversified portfolio 
with some pre-tax and some Roth 
IRAs, you have the flexibility to draw 
from both account types to minimize 
tax liability.

Traditional IRA                    Roth IRA
Tax-deductible contributions Yes1 No

Tax-deferred growth on earnings Yes No

Tax-free growth on earnings No Yes

Tax-free distribution of earnings No Yes2

Contributions allowed at any age Yes3 Yes3

Required minimum distributions (RMDs) at age 72 Yes No

Contribution eligibility depends on income No Yes

Contributions may be withdrawn at any time tax-free No4 Yes

Each year, individuals with earned income may decide to put 
$6,000 ($7,000 if age 50 or older) into an IRA to save for re-
tirement. The decision to contribute to a traditional IRA versus 
a Roth IRA has several key considerations, such as eligibility, 
tax-deductibility, and current versus future tax rate. The below 
chart outlines some features of each type of IRA to aid in the 
important decision of which IRA to fund annually.

1 Dependent on tax filing status, retirement plan coverage, and adjusted gross income (AGI)
2 Five years from first Roth IRA funding and age 59½, first-time homebuyer, death, or disability
3 Must have earned income
4 Non-deductible contributions may be withdrawn tax-free, but subject to the pro rata rule

Five Important Questions to Ask:
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Final round: Why contributing 
early in the year matters IRA own-
ers can make IRA contributions for 
2021 from January 1, 2021 – April 
15, 2022, so why does it pay off to 
contribute early?
Over the course of 20 years, a $6,000 
contribution invested in January of 
each tax year versus on April 15 of the 
following year can make a significant 
difference:

As you can see in the chart to the 
right, by waiting just 15 months, the 
cost could be $23,794. By making IRA 

contributions earlier in the year, the ac-
count’s value has more time to grow and 
compound earnings.

The IIAR and ARF reserve investment 
funds are currently managed by Stifel 
Financial Services under the investment 
policy established by their respective 
board of directors. Members of IIAR 
may use the services of Stifel for personal 
and business investments and take advan-
tage of the reduced rate structure offered 
with IIAR membership. For additional 
wealth planning assistance, contact your 
Stifel representative: Jeff Howard or Jim 
Lenaghan at (251) 340-5044.

$235,000 ____________________________________________________________

$230,000  ____________________________________________________________

$225,000  ____________________________________________________________

$220,000  ____________________________________________________________

$215,000  ____________________________________________________________

$210,000  ____________________________________________________________

$205,000  ____________________________________________________________

$200,000  ____________________________________________________________

$195,000  ____________________________________________________________

$231,020

January

$207,226

April

Assumes: 6% rate of return, compounded monthly. This is a hypothetical illustration only and does 
not reflect actual performance of any particular investment.

As you can see in the chart below,  
by waiting just 15 months, the cost 
could be $23,794. By making IRA  
contributions earlier in the year,  
the account’s value has more time  
to grow and compound earnings.

763.205.0844  •  www.coolairinc.com  •  sales@coolairinc.com
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Biden Administration Takes Early Action on 
Regulatory Policy and Climate Change

oe Biden began his presidency 
on January 20th by signing a 
series of Executive Orders im-
pacting a wide range of policy is-
sues.  In just the first 10 days of 
his Administration, Biden took 
42 individual executive actions, 

many of which reversed policies instituted 
by former President Trump.  Regulatory 
review and climate change are among the 
major actions that will have an impact on 
the natural refrigerants industry.

REGULATORY REVIEW AND FREEZE 
OF TRUMP ACTIONS
It is customary for incoming Presi-
dents to freeze late term actions of the 
previous administration.  The Biden 
Administration is following this practice 
by pausing the implementation of rules 
finalized in the last days of the Trump 
administration.  In a memo to agencies, 
the Biden administration has directed 
that agencies not propose or issue rules 
in any manner until a department or 
agency head appointed or designated 
by Biden reviews and approves the rule.  
Rules that have already been sent to 
the Federal Register, but not published, 
shall be immediately withdrawn for 
review and approval.  Effective dates 
for rules that have been published in the 
Federal Register, or otherwise issued, 
but have not taken effect shall be post-
poned for 60 days to allow for review.  

In addition to reviewing late term 
Trump regulations, the Biden adminis-
tration has issued a memo on modern-
izing the regulatory review process.  The 
modernization calls for concrete sug-
gestions on how the regulatory review 
process can promote public health and 
safety, economic growth, social welfare, 
racial justice, environmental stewardship, 
human dignity, equity, and the interests 
of future generations.  The recommenda-
tions should also include proposals that 
would ensure that regulatory review 
serves as a tool to affirmatively promote 
regulations that advance these values.  
The memo also calls for the development 
of procedures that account for distri-

butional consequences of regulations, 
including as part of any quantitative 
or qualitative analysis of the costs and 
benefits of regulations.  These changes to 
the review process are likely to shift how 
cost benefit analysis is viewed and lead 
to a more aggressive regulatory agenda.  
The policies articulated in the memo 
are a strong indication that agencies 
are likely to be very active in increasing 
the role of regulations in advancing the 
Biden administration’s priorities.

ADDRESSING CLIMATE CHANGE
Joe Biden stressed the need to act on 
climate change during the campaign.  He 
has pledged that the US will reach net-ze-
ro greenhouse gas emissions by 2050 and 
has proposed investment of $1.7 trillion 
in clean energy and green jobs, ending 
fossil fuel subsidies and banning new oil 
and gas permits on public lands. Some 
of Biden’s first actions as President have 
focused on combating climate change.  
The Executive Order on Tackling the Cli-
mate Crisis at Home and Abroad sets the 
stage for climate to be at the center of US 
foreign policy and national security.  

Making good on his campaign prom-
ise, Biden is moving to have the U.S. 
rejoin the Paris Climate Agreement and 
is committed to playing a greater role in 
multilateral climate efforts.  Examples 
of increased global engagement include 
hosting a Leaders’ Climate Summit on 
Earth Day, April 22, 2021; reconvening 
the Major Economies Forum and creating 
a new position, the Special Presidential 
Envoy for Climate, which will have a seat 
on the National Security Council.  The 
order initiates the process of developing 
the United States’ “nationally determined 
contribution” (emissions reduction tar-
gets) under the Paris Agreement.

In addition to the Paris Agreement, 
Biden has signed an Executive Order 
regarding the Kigali Amendment to 
phase down HFCs.  The order directs 
the Secretary of State to prepare, within 
60 days, a transmittal package seek-
ing the Senate’s advice and consent to 
ratification of the Kigali Amendment to 

the Montreal Protocol on Substances 
that Deplete the Ozone Layer.  The U.S. 
signed the Kigali Amendment during the 
Obama Administration, but the Trump 
Administration did not take any steps 
to further its ratification.  The Kigali 
Amendment has been ratified by 112 
countries, but the three largest users of 
HFCs, the U.S., China and India, have 
yet to ratify.  Should the U.S. complete 
ratification, that could encourage China 
and India to follow suit.

Ratification of Kigali would also 
build on recent Congressional action 
to pass the American Innovation and 
Manufacturing Act (AIM Act), which 
was included in the Omnibus Appropri-
ations and COVID relief bill passed in 
December 2020.  The AIM Act provides 
EPA with regulatory authority to phase 
down HFCs, something the courts had 
ruled the agency did not have previ-
ously when the Obama Administration 
attempted to use the Significant New 
Alternatives Policy (SNAP) Program to 
restrict HFC use.

Under the AIM Act, EPA will administer 
an allowance system reducing the permit-
ted amount of HFCs that can be consumed 
(i.e. produced or imported) in the U.S. by 
85% at the end of 2035.  The bill gives 
EPA a mechanism by which it can meet 
Kigali Amendment targets and authorizes 
prohibitions or restrictions on HFC use by 
sector or subsector.  The AIM Act includes 
provisions to improve the management 
of refrigerants to “minimize release” by 
regulating servicing, repair, disposal, or 
installation of equipment and reclamation.

The Biden Administration’s efforts on 
regulations and climate change represent 
both opportunities and challenges for the 
industrial refrigeration industry. An in-
creased focus on regulatory enforcement 
and potential efforts to revise programs 
such as Process Safety Management 
and the Risk Management Program 
could add to regulatory burdens.  IIAR 
will work closely with government and 
industry partners to promote and protect 
the industry as these policies evolve.    

J
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ressure relief design 
documentation is often the 
most misunderstood por-
tion of the Process Safety 
Information required un-
der 29 CFR 1910.119(d)

(3)(i)(D) and 40 CFR Part 68.65(d)(1)
(iv).  The two regulations state that the 
relief system design AND design basis 
shall be included in the process safety 
information pertaining to the equipment 
in the process.

The word “design” is fairly straight-
forward.  The Cambridge Dictionary 
defines the word design, when used as 
a noun, as “a drawing or set of draw-
ings showing how a … product is to be 
made and how it will work and look” 
or “the way in which something 
is planned and made.”  Sounds simple, 
right?  We need to have the technical 
specifications and physical arrangement 
of the relief design documented.  Easily 
done.

Hold that thought for a moment.  Be-
fore we dive into the pitfalls associated 
with the documentation of the physical 
arrangement and technical specifications 
for the relief system, let’s consider what 
the regulation means by the “design 
basis.”  In the strict sense, the “design 
basis” of a design is the set of codes and 
standards that were used to determine 
the design.  For instance, a facility with 
a relief vent header that was constructed 
in 1997 would likely have followed 
ASHRAE15, 1994 Edition.  If the 
facility modified their vent header in 
2016, the header design basis would be 
updated to IIAR2, 2014 edition.  These 
design bases need to be listed in the 
design documentation.

Circling back to the design documen-
tation, the ASME Boiler & Pressure 
Vessel Code (B&PVC) requires that 
the user “conduct a detailed analysis 
to identify and examine all potential 
overpressure scenarios.”   It goes on to 
say that the causes of overpressure as 
described in API 521, Pressure Reliev-
ing and Depressurizing Systems, shall be 
considered, but that “other standards or 
recommended practices that are more 

appropriate to the specific application 
may also be considered.”  Some of the 
scenarios listed in API 521 that can 
be relevant to ammonia refrigeration 
systems include closed outlets on ves-
sels, cooling water failure to condenser, 
accumulation of non-condensables, 
overfilling of a storage or surge vessel, 
failure of automatic control, abnormal 
heat or vapor input, a heat exchanger 
leak, hydraulic expansion, exterior fire, 
and a power failure. 

We need to start by documenting the 
required relief capacity for each piece 
of equipment for each relevant scenario 
as determined by the facility’s Process 
Hazard Analysis (PHA).  Bear in mind 
that a scenario is not irrelevant if we 
deem them to be improbable due to the 
engineering (e.g. high pressure alarms 
and cutouts) and administrative (e.g. 
periodic inspections and operating 
procedures) safeguards that are in place 
at our facility.  The two scenarios of 
overpressure that are most commonly 
identified for ammonia refrigeration 
equipment include an exterior fire or an 
abnormal heat or vapor generation, per-
haps due to a closed valve, with exterior 
fire generation being the scenario that 
is most often documented in the relief 
design.  We’ll look at each one individu-
ally to illustrate some of the pitfalls as-
sociated with determining the required 
relief capacity.   

Let’s start by looking at how the relief 
capacity is determined for an exterior 
fire.  The formula to calculate this relief 
capacity for a vessel or pipe is:

Crequired = f × D × L

Where:

Crequired  =  required discharge  
  capacity rate (lbair/min)

f =  0.5 (1.25 if combustible 
  materials are within  
  20ft of protected  
  equipment)

D =  vessel or pipe diameter (ft)
L =  vessel or pipe length (ft)

Let’s say that we have a shell and tube 
heat exchanger.   The heat exchanger 
has a diameter of 2 ft and a length of 5 
ft.  Let’s assume for the sake of argu-
ment that there are no combustibles 
within 20 ft.  The required relief capac-
ity using the formula would be:

Crequired,HEX=0.5×2×5 =5lbair/min

What if the unit is outdoors and is 
insulated and jacketed with an alumi-
num jacket?  The reduced likelihood of 
a fire around the unit due to its loca-
tion, together with the reduction in heat 
load due to the reflective properties of 
the insulation jacket along with the F 
factor of the insulation, need to be con-
sidered.  While a mathematical treatise 
on how to determine an appropriate 
reduction factor in required capacity 
due to insulation and location is outside 
the scope of this article, it is important 
to be aware of these factors as they will 
occasionally make a huge difference in 
the cost of the relief system for certain 
pieces of equipment.  For the purposes 
of this exercise, let’s say that this heat 
exchanger is located indoors, so we are 
going to assume that there is no attenu-
ation of the heat load presented by a fire 
around the equipment.

Let’s take the external fire scenario a 
step further.  For the purposes of illus-
tration, assume that the heat exchanger 
has 8 ft of 6” diameter piping attached 
directly to the suction outlet of the heat 
exchanger prior to the suction isola-
tion valve.  The required relief capacity 
for this pipe must be included in our 
calculation as it is part of the protected 
equipment.  The required relief capacity 
of the pipe is: 

Crequired,pipe=0.5 × 0.5 × 8 = 2lbair/min

The total required relief capacity for 
this equipment would then be:

Pressure Relief Design Considerations From a PSM 
Compliance Standpoint (Part One) BILL LAPE, SCS ENGINEERS
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Crequired,total = Crequired,pipe + Crequired,HEX

Crequired,total= 
2lbair/min + 5lbair/min = 7lbair/min

While the change to the required 
relief capacity in this illustration would 
be unlikely to change the selected relief 
valve, consider a product tank with a 
flooded ammonia refrigeration jacket.  
In order to properly calculate the total 
required relief capacity, not only does the 
surge drum need to be included, but the 
tank jacket, the liquid drop leg, and the 
jacket suction return piping to the surge 
drum also need to be included in the to-
tal required relief capacity.  Often these 
additional pieces of equipment within 
the envelope of relief valve protection are 
omitted from the calculations.

Another area that is often overlooked 
is the potential relief scenarios due to 
internal heat loads.  While internal heat 
loads are unlikely for most pressure 
vessels in an ammonia refrigeration 
system, they are a consideration for heat 
exchangers.  If a heat exchanger will 
be exposed to a fluid that is above the 
saturation temperature of ammonia that 
corresponds to the set pressure of the re-
lief valves that are installed to protect it, 
then the internal heat loads must also be 
considered.  For instance, if the set pres-
sure of a surge drum on a product tank 
is 150psig, the corresponding satura-
tion temperature is roughly 85°F.  Most 
clean-in-place (CIP) systems for product 
tanks will have a high temperature cut-
out for their wash cycles between 140°F 
and 180°F, depending on the applica-
tion.  This temperature is well above the 
saturation temperature of the ammonia 
at 150 psig, and, as such, the internal 
heat load must be considered.  It is out-
side the scope of this article to dive into 
the math behind the internal heat load 
calculations, but the following example 
provides illustration of how the internal 
heat load can often be the true factor in 
determining the required relief capacity 
of equipment.

Let’s say that we have a product tank 
that, while not flooded, is built to the 
ASME B&PVC, so it must be protected 
with relief valves.  Its refrigeration 
jacket is 5 ft high and the tank is 10 
ft in diameter.  It is rated for 150 psig 

Maximum Allowable Working Pres-
sure (MAWP).  To be conservative, no 
attenuation factor will be used for heat 
loads due to external fire, even though 
it is insulated and located outdoors.  
There are no combustibles within 20 ft 
of the tank.  The required capacity for 
the external heat load is:

Crequired,External = 0.5 × 10 × 5 =
25lbair/min

However, the tank is cleaned by a 
CIP system that washes the tank with 
a maximum flow rate of 125 gallons 
per minute of wash solution.  The high 
temperature cutout on the CIP system is 
180°F.  The required relief capacity due 
to internal heat load would be:

Crequired,Internal = 49.58lbair/min

As you can see, the required relief 
capacity due to internal heat load is the 
relief capacity scenario that determines 
the capacity of the installed relief valves 
on this equipment.  As an end user with 
an ammonia refrigeration system, is im-
portant to be mindful of these internal 
heat loads and their impact on relief 
capacity, as this particular scenario has 
often been overlooked when the relief 
system design is documented.

Another parameter that is often omit-
ted from relief designs is an analysis of 
inlet losses between the protected equip-
ment and the relief valve.  In a nutshell, 
the piping between the protected equip-
ment and the relief valve will cause a 
pressure drop between them.  The effect 
of this pressure drop is to de-rate the 
capacity of the relief valve.  Section 
UG-135(b)(1) of the ASME B&PVC re-
quires that “…The characteristics of the 
upstream [pressure relief] system shall 
be such that the pressure drop will not 
reduce the relieving capacity below that 
required or adversely affect the proper 
operation of the pressure relief valve.”  
So, in order to comply with the ASME 
B&PVC, two things must be true of the 
inlet losses:

The required relief capacity must be 
less than the de-rated capacity of the 

pressure relief valve due to the inlet 
pressure loss.

The inlet pressure loss must be less 
than the blowdown pressure of the re-
lief valve or the relief valve will chatter 
during operation, reducing its flow.

Let’s look again at our product tank 
example.  We determined that the re-
quired relief capacity is 49.58 lbair/min.  
The tank has no nozzle on it dedicated 
for relief, but let’s say that its jacket 
suction outlet connection is 1-1/2.”  
We cannot install a relief connection 
greater than 1-1/2,” but ½” or even ¾” 
is undesirable due to its relative lack 
of strength and potential for breakage.  
So, we choose a 1” nozzle to connect 
the relief valve inlet piping to the tank 
suction line.  Let’s say that a commer-
cial refrigeration relief valve is chosen 
with an inlet port size of 1” and a relief 
capacity of 53.8 lbair/min.

Since there is an isolation valve in this 
suction line within a foot of the jacket 
nozzle on the tank, the connection must 
be made within six inches of the tank 
suction outlet.  However, the alcove of 
this tank where the operator inspects it 
and makes connections to pump prod-
uct in and out of the tank is on the sec-
ond floor of the facility, so the tank is 
mounted on a steel framework, putting 
this nozzle out of reach of the refrigera-
tion operators.  So, upon installing this 
tank, the operators decide to extend the 
relief valve inlet piping up to the roof 
to facilitate the inspection and mainte-
nance of the relief valves.   They install 
25 ft of 1” piping, with one 90° elbow, 
and a three way valve with a Cv of 
13.95 gpm/psi.  When we calculate the 
de-rating of the relief valve capacity, we 
find that the adjusted capacity is 43.44 
lbair/min, which is inadequate to cover 
our required relief capacity.

One might argue that such a pip-
ing arrangement for the inlets of relief 
valves is unusual.  Admittedly, it is.  
However, it serves to illustrate how im-
portant it is to evaluate the inlet piping 
and its effect on the relief valve capacity.  

The purpose of this article was to high-
light some of the factors that affect the re-
lief capacity of a relief system that are often 
overlooked.  In the next article, we will 
discuss some of the pitfalls associated 
with internally relieving relief valves. 



38  |  CONDENSER  |  February 2021  |  A Publication of the International Institute of Ammonia Refrigeration www.iiar.org

214-515-5000

01

01

03

02

04

02

03

04

www.Polyguard.com/mechanical

The optimal Cold Service System starts with RG-2400® 
gel on the pipe to prevent corrosion.

Dow® Styrofoam™ insulation provides long-term stable 
R values. 

VaporGuard™ for use as a vapor stop on sub-freezing 
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of flexible weatherproof cladding products. 
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