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HISTORY-LINDE’S FIRST AMMONIA RECIPROCATING COMPRESSOR 
BUILT IN 1876., THE FIRST COMPRESSOR  WAS INSTALLED IN A 

BREWERY AND EXHIBITED IN PARIS IN 1878
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HISTORY-BLOCK ICE MACHINE -AMMONIA 
COMPRESSOR DRIVEN BY STEAM ENGINE-YEAR-1879
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Ammonia was first used in gas absorption refrigeration 
systems developed by Ferdinand Carré in France in 1859 

and in compressed-ammonia refrigeration systems 
patented by Carl von Linde in Germany in 1876.
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AMMONIA REFRIGERANT HAS 
UNBROKEN HISTORY
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Introduction(Cont.)

 

20/03/2018 Pimpri Chinchwad College of Engineering, 
Pune
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History of Refrigerants
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• Global Warming
• Energy Efficiency
• Environmentally Friendly Solutions
• Alternate Technologies

CURRENT ISSUES NEED TO BE ADDRESSED
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A historic global climate deal was reached in Kigali, on 
25th October 2016  Rwanda at the Twenty-Eighth Meeting 
of the Parties to the Montreal Protocol on Substances 
that Deplete the Ozone Layer (MOP28). The Kigali 
Amendment which amends the 1987 Montreal 
Protocol aims to phase out Hydrofluorocarbons (HFCs), a 
family of potent greenhouse gases by the late 2040s. 
Under Kigali Amendment, in all 197 countries, including 
India. The Kigali Agreement or amended Montreal 
Protocol for HFCs reduction will be binding on countries 
from 2019. It also has provisions for penalties for non-
compliance

KIGALI AGREEMENT-25TH OCTOBER 2016
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AVERAGE HFC CONSUMPTION LEVELS FOR 
2011,2012,&2013+15% OF HCFC BASE LINE

2019 -10%

2024 -40%

2029 -70%

2034 -80%

2036 -85%

HFC PHASEOUT SCHEDULE-KIGALI AGREEMENT
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PHASE OUT SCHEDULE
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End Use Substitutes Decision

Retail Food refrigeration 
below 2200 Btu/hr.

R404A, R407C, 
R410A, R505A

Unacceptable as of 
Jan., 1,2019

Retail Food refrigeration 
greater 2200 Btu/hr.

R404A, R407C, 
R410A, R505A

Unacceptable as of 
Jan., 1,2020

Retail food refrigeration 
Low temperature

R404A, R407C, 
R410A, R505A

Unacceptable as of 
Jan., 1,2020

Retail food refrigeration 
standalone retrofits 

temperature

R404A, R407C, 
R410A, R505A

Unacceptable as of 
July 20, 2016

Federal Register Rules and regulations formed in July 2015 
has stated following as a time table to phase out these 

refrigerants.
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SAFETY OF ENVIRONMENT

GLOBAL WARMING
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CLIMATE IS CHANGING!

CO2  
concentration has 
been continuously 
increasing.

Global temperature 
has also been 
continuously 

increasing.
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Global warming is caused predominantly by CO2 content in the 
atmosphere

Two types of global warming caused by HVAC&R industry are: -

 1.Direct global warming due to leakage of refrigerants which 
depends on type of refrigerant used and quantity of refrigerant 
in the system

2.  Indirect global warming equivalent to CO2 emission due to 
energy consumption over the life time (TEWI) by the HVAC&R 
system.

It is important to note that 90% Global Warming 
contribution comes from energy consumption and 
only 10% from leakage of refrigerant.

17

Level of CO2 EFFECT
250-350ppm Normal - should be required in outdoor fresh air 
600-800ppm Normal limit for indoor air quality

1000ppm-0.1% Prolonged exposure can affect powers of concentration
1000-2000ppm Complaints of drowsiness and poor air circulation
2000-5000ppm Headaches, sleepiness, Nausea, increased heart rate
5000ppm-0.5% Continuous exposure leads to health disorder

10,000ppm 1.0% Breathing rate increases
15,000ppm 1.5% Permissible short-term exposure for working in hazardous 

applications

20,000ppm 2.0% Extremely dangerous to health, gets severe headaches, and 
tiredness

DIFFERENT LEVELS OF CO2 IN THE ATMOSPHERE AND 
IT’S EFFECTS ON HUMANS
(ppm = parts per million ,1 ppm = 0.0001% ,10000 ppm = 1.0%)

To convert PPM to mg/m3 use multiplier 0.7 to get  mg/m3
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TEWI=Total Equivalent Warming Impact

•TEWI= (GWP x L x n)= (GWP x m [(1-arecovery)] ) +(n x E annual xᵝ)

•L= leakage rate per year

•n= system operating time in years

•m-refrigerant charge-      kg

•A recovery = Recycling Factor

•E annual=Energy consumption per year- kWh

•ᵝ  = co2 Emission per kWh
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Total Equivalent Warming Impact
REF: ASHRAE Journal Aug 2013
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USE  OF NATURAL REFRIGERANTS

There is therefore increasing demand to explore use of all-
natural refrigerants like ammonia, water, air, Carbon 
Dioxide as well as hydrocarbons, since these refrigerants 
are in the atmosphere since life came in to existence on 
earth and properties as well as effects of them on human 
body and environment are fully known to mankind and do 
not contribute  to global warming. 

AMMONIA REFRIGERANT NATURALLY LEADS THE RACE.”

24
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ASHRAE POSITION STATEMENT IN ASHRAE JOURNAL SEPTEMBER 1991 

“ASHRAE considers that the continued use of Ammonia is necessary for food 
preservation and air conditioning.  ASHRAE would promote a variety of 
programs to preserve the economic benefits of Ammonia refrigeration while 
providing for management of risks.

ASHRAE will:

1. Promote authoritative information on Ammonia by seminars and 
publications.

2. Continue research on Ammonia topics such as handling application, 
operation and control of emissions.

3. Maintain and develop standards and guidelines for practical and safe 
application of Ammonia.

4. Provide programs and publications of innovative designs and applications 
using Ammonia

5. Advise govt. and officials with information regarding Ammonia.
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NATURAL REFRIGERANTS
(ZERO ODP & ULTRA-LOW GWP 

REFRIGERANTS)
•  Hydrocarbons  (HC-290, HC-600a)

•  Ammonia  (R-717)

•  Carbon Dioxide (R-744)

•  Water  (R-718)

•  Air      

28
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Petroleum-derived hydrocarbon (HC) refrigerants, all are flammable 
& have successfully been used as refrigerants in industrial, 

commercial and domestic applications. 
1. Methane (CH4) [R-50]

2. Ethane (CH3CH3) [R-170]

3. Propane (CH3CH2CH3) [R-290]

4. Ethylene (CH2CH2) [R-1150]

5. n-butane (CH3(CH2)2CH3) [R-600]

6. Isobutane (CH3CH(CH3)2) [R-600a]

7. Propylene (CH3CHCH2) [R-1270]

8. Pentane (CH3CH2CH2CH2CH3) [R-601]

9. Isopentane (CH(CH3)2CH2CH3) [R-601a]

10. Cyclopentane ((CH2)5)-No ASHRAE Number as used 
for Polyurethene Foaming
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HFC HC ALTERNATIVE APPLICATIONS

R134a R600a-ISOBUTANE HOUSEHOLD  
APPLIANCES

R134a R290/600a mixtures-
propane/isobutane mixtures

COMMERCIAL 
APPLICATIONS

R404A/R507C R290,R1270 and their 
mixtures

Industrial plants -
Petrochemicals

R407C R290.R1270-
Porppane/Propylene 
mixtures

Air conditioning and heat 
pumps

R410A R1270/170 mixtures-
Propylene/Ethane mixtures

Deviations due to capcity & 
pressure levels

R23,R14 R170/R1150-
Ethane/Ethylene mixtures

Low temperature cascades

R227ea R600a-Isobutane High Temperature 
Applications

HYDROCARBONS AS REFRIGERANT AS REPLACEMENT
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REFRIGERANT EVALUATION PROCESS

1. ENVIRONMENTAL IMPACT

2. PERFORMANCE

3. ENERGY EFFICIENCY

4. TOXICITY/SAFETY

5. FLAMMABILITY

6. MATERIAL CPMPATIBILITY

7. STABILITY

8. COST
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THERMAL/PHYSICAL PROPERTIES
•BOILING POINT

•DISCHARGE TEMPERATURE

•DISCHARGE PRESSURE

•SPECIFIC VOLUME

•DENSITY

•LATENT HEAT OF VAPORISATION

•COMPRESSOR DISPLACEMENT

•HORSE POWER PER TON

•COP(Coefficient Of Performance)
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AMMONIA (R717)– A NATURAL 
REFRIGERANT

Ammonia is produced in a natural way by human beings 
and animals; 17 grams/day for humans.

Natural production 3000 million tons/year

Production in factories 120 million tons/year

Used in refrigeration 6 million tons/year
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Ammonia is natural refrigerant, present in the atmosphere and 
available in nature in abundance. In nature, it is produced by 
biological processes and is naturally decomposed & does not add to 
GWP. 

Each human being produces approx.17g of ammonia per day. 

Human liver has capacity to convert 130 g. of ammonia into urea 
each day. 

The volume of ammonia generated by man is only about 3% of the 
total ammonia present in the nature. 

Out of this only little under 5% is used as a refrigerant. Most of the 
ammonia is produced in a “Fertilizer grade” or commercial grade 
where the specifications are 99.5% purity whereas for refrigeration 
grade the purity required is 99.95% minimum and is called 
anhydrous ammonia. 
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Ammonia Content 99.95% Min.
Non-Basic Gas in 
Vapour Phase

25 ppm max.

Non-Basic Gas in Liquid 
Phase

10 ppm max

Water 33 ppm max.
Oil (as soluble in 
petroleum ether)

2 ppm max.

Salt (calculated as NaCl) None
Pyridine, Hydrogen 
Sulphide, Naphthalene

None

AMMONIA REFRIGERATION GRADE 
PURITY REQUIREMENTS
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Molecular symbol NH3-R-717

Appearance Colour less
Odour Characteristic, pungent
ODP (Ozone Depleting Potential) 0
GWP (Global Warming Potential) 0
Atmospheric life in years <0.019165(Ref IIAR)
Ammonia content-minimum 99.95%-99.98% as per ASHRAE

Water content 33 PPM max.
Oil content 2 PPM max.
Non condensable 0.2ml/g
Salts content None
Pyridine, Hydrogen sulfide, Naphthalene None

Molecular weight 17.031g/mol.

Alkaline pH 11.6

REFRIGERATION GRADE AMMONIA PROPERTIES
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REFRIGERATION GRADE AMMONIA PROPERTIES 
Boiling Point at one atmosphere (101.33 kPa) -33.330C (239.82K)

Freezing point at one atmosphere/Triple point -77.660C (195.5K)

Critical temperature 132.220C(405.37K)

Critical Pressure 115.6kg/cm2 g-(11.34MPa)

113.3bar-ab. (1643.29psig)

Latent heat at -330C & at one atmosphere 1.369MJ/kg (588.8 Btu/lb.) /327.1Kcal/Kg

Relative density of vapour compared to air at 00C 0.5967- (lighter than air)

Vapour Density at -330C 0.8896kg/m3or (0.5554 lb./ft3.)
Sp. Gravity of liquid at -330C compared to water @ 
40C

0.6816

Liquid Density at -330C and at one atmosphere 681.6kg/m3 or (42.55 lb./ft3)
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Refrigeration Grade Ammonia Properties 
One cubic foot of liquid at 600F Expands to 850 cubic feet of gas
Specific volume of vapour at 00C at one 
atmosphere

1.299m3/kg-(20.80 ft3/lb.)

Lower Flammability limit by volume (LFL) at 
atmospheric pressure

15-16%-108.000mg/m3

Upper Flammability limit by volume (HFL) at 
atmospheric pressure

25-28%- 240,000 mg/m3

Flammability classification 

(Non-Flammable)

B2L as per ASHRAE Classification

Ignition temperature 651.10C(924.13K) -(12040F)

Ignition energy (200C, 101Kpa) 14mJ
Sp. heat at constant pressure-Cp 2.1706kJ/kg k(0.5184Btu/lb0F)

Sp. heat at constant volume-Cv 1.6444 kJ/kg k (0.3928 Btu/lb0F)

40
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Refrigeration Grade Ammonia Properties

Thermal conductivity of liquid at 00C 518.5x10-3 W/mK

Kinematic viscosity of the liquid at 00C 2.66x10-7 m2/s

Ratio of sp. heats at 150C and 1 atmosphere 
(Ƴ= Cp/Cv)

1.320

Ammonia produced daily in human beings 17 g ̃1mol

Concentration in human blood                                          0.8-1.7PPM

Solubility in water(200C-1bar) 0.517kg or 650-g or 1.ltr of water

United Nations Chemical ID No. I.D. # (1005)
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Reasons for Selecting Ammonia Refrigerant
• ODP-0
• GWP < 1
• Atmospheric Life- 0.01 years
• Natural Refrigerant
• Highest Efficiency-Better Heat Transfer 

Properties
• Easier Oil Management
• Low Cost-Easy Availability
• Smaller pipe sizes
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Refrigerant ODP GWP Atmospheric Life-years

R-22 (HCFC -22) 0.055 1790 11.9
R-134a 0 1370 13.4
R404A 0 3700 16
R407C 0 1700 5.6
R410A 0 2100 16
R507C 1 3300 40.5
R32 0 675 4.9
R290-Propane 0 3.3 12.0
R1234Ze 0 6.0 0
R1234yf 0 4.0 0
R744=CO2 0 1.0 29-36
Ammonia, R717 0 0 <0.02

Comparison of ODP and GWP values and atmospheric life of currently used 
refrigerants. (ASHRAE Fundamentals 2013-page 29.5) & Wikipedia
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Refrigerant Molecular
weight

Density kg/m3
@ 200C. 1atm

R717 17.03 0.716

Air R729 28.97 1.204

R744 44.01 1.839

R290 44.1 1.865

R410A 72.58 3.062

R407C 86.2 3.639

R22 86.47 3.651

R134a 102 4.336

Molecular Weight comparison of Various Refrigerants

44
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Refrigerant Critical 
Temperatur
e-0C

Critical 
pressur
e-MPa

Boiling point Critical 
Density-
kg/m3

R717-
Ammonia

132.25 11.333 -33.33 225.0

R134a 100.06 4.0593 -26.07 511.0

R22 96.15 4.99 -40.81 523.8

R1234yf 94.7 3.3822 -29.49 475.6

R32 78.11 5.782 -51.65 424.0

R404A 72.05 3.729 -46.22 486.5

R410A 71.36 4.903 -51.55 459.5

R744 30.98 7.377 - 467.6

Critical Temp/Pr., Boiling point & Density of various Refrigerants
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LATENT HEAT COMPARISON @ 4-50C

• Water R-718-   2489.04kJ/kg
• Ammonia – R717-  1247.85kJ/kg
• R410A-    214.48kJ/kg
• HCFC 22/R22-  201.79kJ/kg
• HFC 134a/R134a-  195.52kJ/kg
• R404A-    162.03kJ/kg
• R1234yf-                          181.93 kJ/kg
• R1234ze(E)-                     195.42 kJ/kg 

48
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Ammonia –R717 134.40C-113bar

HCFC-22 96.150C-49.9bar

HFC134a 101.060C—40.59bar

R404A 72.050C-37.28bar

R410A 71.360C-49.02bar
R-1234yf 94.7 °C-33.81 bar

R1234Ze 109.360C-36.34bar

CRITICAL TEMPERATURES AND PRESSURES:

50

R-717 R-22 R-134a R-404A

Specific enthalpy 
variation(kJ/kg)

1049.6 147.7 128.2 94.1

Mass flow rate 
(kg/s)

0.95x103 6.79x103 7.80x103 10.63x103

Specific volume 
(m3/kg)

1.217 0.166 0.284 0.115

Volume flow rate 
(m3/s)

1.16x103 1.13x103 2.22x103 1.22x103

volume flow rates comparison capacity of 1kW at -
35/+350C can be compared for various refrigerants

Ammonia mass flow rate is Less  compared to other refrigerants
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Refrigerant Cp/Cv at 
boiling 
point
or at 
Atmospher
ic pressure

Approximate isentropic  
Discharge Temperature 0C

R22 1.236 75
R134a 1.154 55
R404A 1.166 58
R410A 1.244 70

R717(Ammonia) 1.348 145

Compression Ratio (γ), Discharge Temperatures.
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Ammonia Refrigerant v/s  R-22
1. Specific heat of liquid is 4 times - 4 to 1
2. Latent heat of vaporization is- 6 to 1
3. Liquid thermal conductivity is -5.5 to 1
4. Viscosity is less- 0.8 to1
5. Liquid density is less - 0.5 to 1

53 54
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DISCHARGE PRESSURE V/S TEMPERATURES

56
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a) Suction line (NH3) 15.0-17.5m/sec 

b) Discharge line (NH3) 17.5-20.00m/sec 

c) Liquid line (NH3) condenser to receiver 0.5 - 0.6 m/sec 

d) Liquid line (NH3) receiver to system 1.0to 1.5 m/sec 

e) Wet return line (NH3) 8 to 10 m/sec 
f) Suction line (H20) 1.0to 1.2 m/sec 

g) discharge line (H20) 2.0-2.5 m/sec 

RECOMMENDED PIPE LINE VELOCITIES

59

Refrigerant Suction line –
mm OD

Discharge Line-
mm OD

Liquid line –
mm OD

Ammonia –
R717

50 40 20

HCFC-22 80 65 32

HFC134a 80 80 40

R404A 80 65 40

R410A 65 50 32

PIPING SIZE COMPARISON

60
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Line size Refrigeran
t

Suction line-
kW

Discharge line -
kW

Liquid line-
kW

50mm R22 106.4 150.5 707.5
R134a 70.10 106 546
R404A 96.18 137.33 758.2
R410A 160.19 229.98 1320.9
R717-
Ammonia

218.6 374.7 2840.5

Refrigeration capacity in kW for different refrigerants for 
same operating conditions+400C condensing and + 50C 
evaporating Temperature say for 50mm pipe size

The above table clearly indicates that for the same line size, ammonia 
refrigerant has the highest refrigeration capacity for all 3 lines mainly suction, 
discharge and liquid- Ref: ASHRAE 2014 Refrigeration volume
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Comparison of Various Refrigerants
ASHRAE Fundamentals 2013 Table 8-29.8
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100kW capacity, at 400C condensing and -150C evaporating 
temperature Mass Flow rate Comparison

Refrigerant Capacity

kW

Power

 kW

C.O.P. Press.

 ratio

Mass 
flow

kg/hr.

Volume 
flow-
m3/hr.

Ammonia 100 26.686 3.75 6.583 340.704 173.0421

R-22 100 27.897 3.58 6.5186 2401.91 186.4804

R134a 100 28.583 3.50 6.193 2723.76 326.6467

R404A 100 33.418 2.99 4.955 3732.48 204.5811
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Refrigerant Capacity-
TR

Shaft 
Power

HP/ TR

R  717 104.4 245.2 2.349
R-22 104.7 264.9 2.530
R134a 53.8 148.6 2.762
R404A 97.9 290.8 2.970
R 507 102.2 302.3 2.958
R410A 151.5 415.3 2.741

COMPARISON AT -200 F/+95 0F

64
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COMPARISON@-+400C/+20C

Refrigerant Capacity-kJ/kg Power consumption-W- C.O.P.
Ammonia-R717 1076.335 173.473 6.20
R410A 155.467 28.647 5.43
R134a 142.197 24.201 5.88
R404A 106.254 20.530 5.18
R22 156.419 26.376 5.93
Propane-R290 290.557 46.659 5.80
R507 111.904 20.452 5.47
Isobutate-R600a 263.125 43.728 6.02
Water –R718 2337.240 403.211 5.80
CO2-(+310C/-50C) 104.106 26.692 3.90
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COMPARISON@-+400C/-50C

Refrigerant Capacity-kJ/kg Power consumption-W- C.O.P.
Ammonia-R717 1068.731 215.255 4.965
R410A 159.327 32.416 4.80
R134a 138.124 29.551 4.67
R404A 102.346 25.142 4.07
R22 153.832 32.416 4.74
Propane-R290 263.01 56.917 4.62
R507 109.137 25.096 4.35
Isobutate-R600a 253.671 52.966 4.79
Water –R718 2324.327 525.501 4.42
CO2-(+31/-5) 107.718 35.701 3.02
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COMPARISON@-+400C/-250C

Refrigerant Capacity-kJ/kg Power consumption-W- C.O.P.
Ammonia-R717 1043.211 358.501 2.91
R410A 142.662 57.08 2.50
R134a 126.048 46.768 2.70
R404A 90.272 39.978 2.26
R22 145.666 52.230 2.79
Propane-R290 240.649 89.845 2.68
R507 100.675 40.348 2.50
Isobutate-R600a 226.378 82.130 2.76
Water –R718 2287.299 1024.183 2.23
CO2-(+31/-5) 111.222 66.772 1.67
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COMPARISON@-+400C/-400C

Refrigerant Capacity-kJ/kg Power consumption-W- C.O.P.
Ammonia-R717 1020.824 496.672 2.06
R410A 80.654 53.063 1.52
R134a 116.693 61.965 1.88
R404A 80.854 53.063 1.52
R22 138.945 70.159 1.98
Propane-R290 223.32 118.890 1.88
R507 93.932 54.234 1.73
Isobutate-R600a 207.398 107.450 1.93
Water –R718 2259.468 1603.402 1.41
CO2-(+31/-40) 109.446 96.160 1.14

68
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Refrigerant For positive 
Temperature cold 
rooms-+400C/20C

For secondary 
fluids operation
+400C/-50C

For low 
temperature cold 
rooms-+400C/-
250C

Ammonia-R717 6.20 4.965 2.91
R410A 5.43 4.80 2.50
R134a 5.88 4.67 2.70
R404A 5.18 4.07 2.26
R22 5.93 4.74 2.79

AMMONIA C.O.P. (EFFICIENCY)COMPARISON WITH 
OTHER REFRIGERANTS FOR VARIOUS APPLICATIONS

Refrigerant For positive 
Temperature 
cold rooms-
+400C/20C

For secondary 
fluids
 operation 
+400C/-50C

For low 
temperature 
cold rooms-
+400C/-250C

Blast 
freezers/IQF
+400C/-400C

Ammonia-
R717

6.20 4.965 2.91 2.06

R410A 5.43 4.80 2.50 1.75
R134a 5.88 4.67 2.70 1.88
R404A 5.18 4.07 2.26 1.52
R22 5.93 4.74 2.79 1.98
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Cost Comparison W.R.T.- R22

70
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CONCERNS WITH 
AMMONIA REFRIGERANT

72
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BACKGROUND
Concerns with ammonia:
1. Toxicity
2. Flammability
3. Regulations (> 10,000 lbs)
4. OSHA –Process Safety Management (PSM)
5. EPA –Risk Management Program (RMP)
6. DHS –Chemical Facility Anti-Terrorism Standards (CFATS)
7. HAZOP STUDY-Hazard & operability study

73

Physical properties-Ammonia 
TOXICITY   HOW MUCH
    HOW LONG

FLAMABILITY    Ignition temperature -6500C

EXPLOSIVENESS  16 to  25% by volume

ODOUR    PUNGENT
    DETECTABLE-5PPM ONWARDS
    Tolerable- 500-1000PPM

LEAKAGE TENDENCY  LESS LOSS-PURGING/LEAKS
    8.2CFT/LB AGAINST1.2CFT/LB
    FOR R-22

MOISTURE TOLERENCE  IMMENSE-AQUA/AMMONIA 

OIL MISCIBILITY   IMMISCIBLE

74

Toxicity classifications 

Class A signifies refrigerants where toxicity has not been 
identified at concentrations ≥ 400 ppm v based on TLV–
TWA data or consistent indices 

Class B signifies refrigerants for where there is evidence 
of toxicity at concentrations < 400 ppm, based on TLV-
TWA data or other consistent indices 
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Flammability classifications 

1 – No flame propagation 

2 – Exhibits flame propagation, a LFL > 3.5% and 
heat of combustion < 19,000 kJ/kg 

 

 2L – burning velocity not greater than 10 
 cm/s* 

3 – Exhibits flame propagation, a LFL ≤ 3.5% and
 heat of combustion ≥ 19,000 kJ/kg 

76
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IS 16656 : 2017 and ISO 817 Product Safety 
Considerations

Highly Flammable (3)
HOC >= 19000kJ/kg
LFL <= 3.5%

Practically
Non-Flammable (1)
No Flame Propagation at 60C

Flammable (2)
HOC >= 19000kJ/kg
LFL > 3.5%

Lower
Toxicity (A)

OEL > 400ppm

Higher
Toxicity (B)

OEL < 400PPM

Safety Classification
Examples:

Propane             A3

R-152a  A2

HFC 32              A2L
 

R-134a               A1

Mildly Flammable (2L)
BV =< 10cm/sec

B1

B2

B3

A1

A2

A3

77 78

ASHRAE Standard 34.1-2013-Toxicity/Flammability

Flammability in Air @ 60°C & 101.3 kPa ASHRAE Standard Safety Group

Higher Flammability
LFL or ETFL60 ≤ 100 g/m3 OR HOC ≥ 19 MJ/kg A3 B3

Lower Flammability
LFL or ETFL60 > 100 g/m3 & HOC < 19 MJ/kg A2 B2

Lower Flammability
LFL or ETFL60 > 100 g/m3 & HOC < 19 MJ/kg
with a maximum burning velocity of ≤ 10 cm/s

A2L B2L

No flame Propagation A1 B1

Flammability in Air @ 60°C & 101.3 kPa Lower Toxicity
OEL ≥ 400PPM

Higher Toxicity
OEL 

< 400 PPM

LFL = Lower Flammability Limit
ETFL60 = Elevated Temperature Flame Limit @ 60°C
HOC = Heat Of Combustion, OEL-Occupational Exposure Limit

79

Toxicity Levels of Ammonia refrigerant

5 PPM Onwards Detectable

25 PPM Detected by  most – no health hazard exposure 10 – 
15 years

100 PPM No dangerous effects, minor irritation.

400 – 700 PPM Irritation Eyes, Nose, Mucous . Lead to dryness

1700 PPM Cough, Cramp,  Serious Irritation, Injuries

2000 PPM Can Lead to Death

7000 PPM Lethal within few minutes 
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Effects on the human body due to ammonia leaks at various 
concertation levels:

5 ppm (3.5mg/m3)- Minimum perceptible odour. Low temperature and high humidity makes 
it easier to smell. 
25 ppm(17mg/m3) -MAC value = maximum allowable concentration 
50ppm(35mg/m3)
40 ppm -The smell is very distinct. An person reacts and wants to get away from the area 
100 ppm -Eye and nose irritation begin after a short period of exposure 
250ppm(175mg/m3)
400 ppm -Strong irritation of eyes, nose and respiratory organs. Injuries can occur 
500-1000ppm(350-700mg/m3)
700 ppm-490mg/m3 Coughing and cramp. After 30 minutes, serious injuries may occur. 
1700 ppm -1190mg/m3 Fierce coughing and cramp. Death can occur in less than 30 minutes 
5000 ppm -3500mg/m3 and above Immediate unconsciousness. Death occurs within a few 
minutes

To convert PPM to mg/m3 use multiplier 0.7 to get  mg/m3

81

3 PHASES OF AMMONIA
1. Liquid 
2. Gas
3. Aerosol-small drops, White cloud of more than 

45,000ppm R717.The visibility is only 30 to 40 cm 
and the temperature is down to -740C.The cooling 
effect of the continuously evaporating fine droplets 
cools the cloud so that it becomes more denser than 
air and hence very dangerous to inhale.
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AMMONIA LEAKS DETECTABLE -AT 3mg/m3 level
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AMMONIA REFRIGERATION 
APPLIATIONS
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Fields of Applications
1. Ice Plants-commercial/amusement centers
2. Cold storages-Fruit/Vegetables/meat/Fish/Seeds/Dry 

fruits
3. Freezing of foods-Fish/meat/Fruits/Vegetables
4. Breweries/ Dairies/ice-cream making
5. Chemical/Dyestuff –process cooling
6. Concrete cooling-Dams/Roads/Runways
7. Water Chillers-Air conditioning
8. Thermal storages-Heat Pumps
9. Super markets-Ammonia/CO2 cascade

10.Industrial Process/Fertilizer plants
11.Bottling Plants-Coca Cola/Pepsi

93

12.Concrete cooling applications for river dams, airport runways and concrete 
expressways

13.Fertilizer plants

14.Maximum use is of ammonia is in agricultural industry as a fertilizer with 99.5%
minimum content of ammonia of commercial grade.

15.Recently many Super markets are also using ammonia/carbon 
dioxide(R717/R744) or ammonia/secondary fluids like propylene glycol systems

16. Liquefaction of gases like Chlorine,carbon dioixide & other gases

17. Pharmaceutical plants for process cooling

18. Mettalergical industry, ammonia is used as a source of inert gas, or for nitriding
of metal surfaces.

19. In environmental protection, ammonia plays an important role in removing
nitrogen oxides and sulpher dioxide from the smoke emitted by power plants.

Field of Applications
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20. Air conditioning of large complexes like Air ports, telegraph, and 
other commercial office premises – more details given subsequently, 
using chilled water systems.

21. Skating ice rings for amusement parks

22. Space shuttles

23. Heat Pumps.

24. Industrial heat pumps

25. Marine Refrigeration and many other

Field of Applications
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IQF

98

IQF
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SPIRAL FREEZER

100
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SPIRAL FREEZER

101

PLATE FREEZER

102

FALLING FILM WATER CHILLER

103

Conventional Block ice maker
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ICE BANK TANK IN DAIRY INDUSTRY

105

ICE WATER SILO

106

ICE WATER SILO

107

FLAKE ICE MAKER

108
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TUBE ICE MAKER

109 110
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A duel Purpose Chiller for Food Processing 
Plant and  and comfort Air conditioning

112
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AMMONIA PACKAGE BRINE CHILLER

113

Modern Packaged 
Ammonia Systems

•New design (PHEs or 
spray type shell & tube 
evaporator)
•Liquid injection system
•Better efficiency (>30%) 
than HFC134a
•Less charge (0.02 to 0.5 
kg/kW) for dry and flooded 
evaporation 
•Higher discharge pressure 
(up to 40 bar)
•Safety level increased 
significantly towards “zero 
leak”
•Used in Europe for both 
display cabinets and space 
conditioning
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DCE REFRIGERATION PVT LTD.

LOW CHARGE AMMONIA REFRIGERATION SYSTEM WITH HIGH SIDE 
FLOAT & NO RECEIVER

H.SIDE 
FLOAT

No HP RECEIVER
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AIR COOLED AMMONIA PACKAGE CHILLER-
Azane by Star Refrigeration UK-784kW-200kg 

(0.86kg/Ton)refrigerant charge

116
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Star Refrigeration U.K. Roof Top Units using 
Low charge Ammonia systems

117

Star Refrigeration U.K. Roof Top Units using 
Low charge Ammonia systems
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119

USE OF AMMONIA IN AIR 
CONDITIONING

120
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USE OF AMMONIA REFRIGERANT IN 
COMFORT AIR CONDITIONING

1. Oslo Air Port -Norway
2. Heathrow Terminal -5 
3. Singapore Air Port
4.Dusseldorf Airport
5.Zurich Airport
6. New Zealand Christchurch Airport
7.Stuttgard Airport Terminal 3-2300kW Grasso 
8.Exchange- Copenhagen
8. Space Shuttles
9.Process Plant -Halls

121

USE OF AMMONIA REFRIGERANT IN 
COMFORT AIR CONDITIONING

10.Thermal storage systems for Malls, Cinema Halls
11. KWN Greenpeace Headquarters-Vienna
12. Sabb-Linkoping-Sweeden-4 ammonia chiller of 2 

megawatt
13.Berlin Ostbanhof train station-Grasso system  for 

three storey building complex 
14. Roche Headquarters in London -930 kW- Star 

Refrigeration
15. Mulligan Letter sorting center-Switzerland-Johnson 

Controls
16. Ozeaneum in Stralsund-Johnson controls-500kW A/C
17. Telephone Exchange-Copenhagen
Ref: Eurammon issue-Refrigerants by nature-2012/2016
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Ammonia for A/C and 
Commercial Refrigeration

•Ammonia A/C with central plants
•Ammonia display freezer cabinets
•Independent circuits
•Secondary refrigerants used
•Risk free AC&R 

123 124
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One of The Four package Ammonia Chillers being 
installed at Heathrow Airport

125 126

Semi-Hermetic Ammonia System Heats, Cools Dutch Business, Apartment Complex
EINDHOVEN, The Netherlands—An ammonia heat pump has been installed to heat 
and cool 40,000 m2 of apartments and business premises in the Netherlands. The re-
modeled office complex, a former factory for conglomerate Philips, will use the 800 
kW ammonia heat pump system fitted with two twin screw compressors for space 
heating during the winter and air conditioning during the summer. One of the 
compressors is redundant in case the system fails. An ammonia heat pump was 
selected to heat and cool the building complex due to its high-efficiency, zero global 
warming potential and zero ozone-depleting potential, said the developer.-               
18th October 2018
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Stuttgart Airport Changes over to Ammonia 
refrigeration system

129 130
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SAAB OFFICE ROMS IN LINKOPING SWEDEN
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JHOMSON CONTROLSS  USES AMMNIA SYSTEM TO AIR 
CONDITION  5000 SQ.M OF OF OFFICE AREA USING  FOUR 

AMMONIA WATER CHILLING UNITS EACH OF 2MW 
CAPACITY
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Philips Building in Eindhoven
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• RECENT DEVELOPMENTS IN 
AMMONIA REFRIGERATION 

TECHNOLOGY
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5H CARLYLE AMMONIA COMPRESSOR

136
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CARRIER CORPORATION HAS DEVELOPED NEW 
AMMONIA COMPRESSOR & HAS ENTERED IN 

AMMONIA MARKET

137

SEMI HERMETIC AMMONIA 
COMPRESSOR
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PACKAGE CHILLER USING SEMI 
HERMETIC AMMONIA COMPRESSOR
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SEMI HERMETIC AMMONIA  SCROLL 
COMPRESSOR

140
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7kW Ammonia Reciprocating Compressor
HKT-GOELDNER-GERMANY

141

AMMONIA SEMI HERMETIC COMPRESSORS

2nd August 2015 142

142

AMMONIA RECIPROCATING COMPRESSOR 
PACKAGE

2nd August 2015 143
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ECO MESH AMMONIA AIR COOLED CONDENSER
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HYBRID EVAPORATIVE CONDENSER

145 146

MICRO CHANNEL HEAT EXCHANGER TUBES
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EXTERNAL/INTERNAL FIN TUBES FOR HEAT 
EXCHANGERS

149

Aluminum Coolers For Ammonia

150

ALUMINUM  AND STAINLESS STEEL TUBING 
COMPARISON
REF ASHRAE JOURNAL FEB 13 PAGE 18

151

Ref. ASHRAE Journal Feb 13 Page 18
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ALUMINUM COOLERS
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Ammonia chiller packaged unit with a hermetic 
scroll compressor
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Plate Heat Exchangers
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AIR COOLED AMMONIA PACKAGE 
CHILLER

157

LOW AMMONIA CHARGE SYSTEMS
Andy Pearson-IIAR presentation
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WATER COOLED PACKAGE CHILLER-SCREW 
COMPRESSORS  & PHE CONDENSER/COOLER-856 kW-86 kg

0.353kg/TR
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WATER CHILLER USING RECIPROCATING 
COMPRESSOR

& ENCLOSED PHE CONDENSER/COOLER

160
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PACKAGE MILK CHILLER WITH ‘U’ TUBE 
ACCUMULATOR

163

NON-AZEOTROPIC LIQUID GAS BLENDS-
ADVANTAGE

1. Ammonia with Propane(290)
2. Ammonia with Octafluoropropane(R218)
3. Ammonia with Octafluorocyclobutane(R318)
4. Ammonia with isobutane(R600a)
5. 60% Ammonia and 40% dimethyl ether(R723)

Experiments have shown that compared to pure Ammonia,  
some blends tested have lower discharge temperatures, 
lower compression ratios,5-10% better refrigeration 
capacity and better oil solubility(PAG or PAO oils)

Ref: Monika Witt-Condenser magazine November 2008
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CO2 AMMONIA CASCADE

165 166

Cascade refrigeration system NH3/CO2 and indirect 
cooling

167

AMMONIA-CO2 BRINE SYSTEM –FRUIT 
STORAGE-HOLLAND

168
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AMMONIA -CO2 CASCADE

169

Oil Recovery System-The first installation of this vessel 
saved over 237 litres of oil in the first year, plus countless 

man hours in maintenance and draining of waste oil.
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OIL MANAGEMENT SYSTEM
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The Ozeaneum In Stralsund 
Gernmany:Underwater world
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KOREAN SHIP

173 174
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AIR PURGER
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WATER REMOVER 

177 178

Water Dehydrator
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 THANK YOU
ANY QUESTIONS?

• Fellow Life member ASHRAE
• Fellow member -ISHRAE
• Cell No.+91-9822398220

• Mail: Ramesh.paranjpey@gmail.com

• Web: http://Ramesh-paranjpey.com
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