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[l refrigeration engineers,
particularly those dealingin
food  preservation and
industrial plants have known
atvmonia as o refrigerant of choice
Jue 1o its excellent thermodynamic
properties. 1t is almost nearly a

pericet refrigerant.

This erticle is therofore written with
a vicw to have a relook ar this
refrigerant Jong neglected by air
conditioning practitioners. The
anthor feels confident thas a positive
isage of this refrigerant becomes

evident if one addresses allissues with
anopen mind.

Background

Ammonia Wils used for
refrigeration in 1876, for the first
tine N vapour Compression
machine by Carl Von Linde. Other
refrigerants like CO), SO, were also
common till the 1920s. Every
refrigerant had its own advantages
and drawbacks for example CO.
was  percicved as being less
Jdangerous, although it operated
a much higher pressare than
ammonta,

Development of CECs
(Chlorofluorocarbons) in USAin
the 1930s swung the pendulum in
favor of these refrigerants, as
compared to all other refirgerants
used in those days as CFC's were
considered harmless and extremely
stable chemicals,

The consequences to the outer
cnvironment of massive releases of
CHFC refrigerants could not be foreseen
in those days. CFCs were promoted
as safety refrigerants, resulting in an
accelerating demand and CFC's
SUCCLSS.

Due to this, ammonia came under
heavy pressure, but held its position,
industrial

especially in large

installations and for food preservation.

In the 1980s the harmful effects of

CFC refrigerants became apparent
and it was generally aceepred that
CFC refrigerants were conwributing to
the depletion of the protective ozane
layer and to global warming, resulting
in the Montreal protocol (1987)
where almost all countries agreed to
phase cut CFCs in a time bound
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program.
In view of the serionsiess of dinaee
1o the atmosphere and resalting
dingers due o CRCHICTC coniss

asailso due o global warming cliccis,

the revisions in Montical protoco!
(1990), Copenhagen (1997} anl
Kyotao  (1998)
accelerated phase our sehedule. fven

HCFCs are to be phased oue and

demanded  an

Europe has taken the lead i this
matter. Germany will not use ICTCS
after year 2000.

All developed coumtries have alieady
stopped production and vse of €30S
and developing conntries Tike Tndig
will phase out provduction of CHCs i
2010 while no new equipment ising
CFC can be manufactured atier -4
2003, For HCFCs inclading R-22 e
cut-off year is 2040 for developing
countrics and 2030 for developed
countries.

Ashrae Policy

ASHRAE issued o policy starement
on Ammonia refrigerant - 19v
which is reproduced below:
“ASHRAE

continued  use  of

that  the

AmMmoni s

considers

necessary for foad preservation aid
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

I. Promote authontative intormagion
and

on o ammonia by seminars

publications.

2. Conunue research on animonis
topics such as handling, applicatios
operation and cordrol of cmissions,
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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 government and officials

with information  regarding

ammonia.

Current Scenario

To replace CFCs hectic activities in
the last 10 years by scientists has
resulted in the development of many
substitutes as interim solutions and
long term substitute HFCs like HFC
1344, R 404a, R407a, R407¢, R410a
have already come into existence and
been accepted by automobile,
refrigeration and air conditioning
equipment manufacturers.

European countries have adopted a

different approach and started
relooking at natural refrigerants like
water, air, CO,, ammonia and
hydrocarbons. New standards to
improve safety, handling and reduce
leakages have been put in place. New
equipment like welded plate heat
“exchangers and semi hermetic
ammonia compressors have started
appearing on the scene.

British standard BS 4434, 1995 and
ASHRAE Standard 34, 1997 have
reclassified refrigerant groups and
ammonia is now classified as B,
category. Earlier there were three
groups (A,B,C) while now there are
six (A, A, AL, B, B, B)

B, category means ammonia can be
used with a charge of upto 500 kg in
indirect, closed systems ceven for
hospitals, theatres, super markets,
schools, lecture halls, public
transport terminals, hotels, dwellings
and restaurants.

However there is no restriction
even when the refrigerant charge
exceeds 500 kg if all compressors
and high pressure side machinery
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are installed at or above ground
level in a separate machine room
or in open air with an indirect,
closed cycle cooling system.
Oslo Airport

The most recent example of an air
conditioning installation with
ammonia is Qslo Airport, Norway
which was commissioned in October
1998.

This is one of the largest and most
advanced airports having a capacity
to handle 16 to 18 million passengers
per year with 64 check in counters
and 80 aircrafts per hour. The total
operational building areais 18,000 m”.
The plant uses ammonia refrigerant
in an indirect cooling chilled water
system, with three reciprocating, 16
cylinder compressors in one arca and
two reciprocating cCompressors of 8
cylinders in another arca.

HVAC Plant Room at Oslo Airport, Norway

6300kW
1720kW

Toral refrigeration cypacity

Floatrical Mot

(5 x 280) + (2 x 160)
Refrigerant charge (ammonia) 2500 kes
This example makes the point in
favour of ammonia as a refrigerant
for air conditioning and dispels all
myths about its safety and fire hazard
issucs.
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As is well known, barring a few small
ac plants, which use dircct
expansion systems, the majority of air
conditioning plants use indirect,
chilled  water using
reciprocating, centrifugal or screw

S\/SICIHS

water chiller packages. Hence the use
of ammonia for such plants is finding
increasing use the world over.
Thermal Storage Systems

Another important application that
has emerged in the last decade is the
use of thermal storage systems, which
cenerate chilled water during off-
peak hours for use during day-time
hours.

This use has gained popularity in
developed countries due to a lower
electricity tariff rate during night,
especially in metropolitan cities. 1t is

therefore, economical to generate
cold water during night time and use

it during the day. Such applications
are increasing in the USA and many
of them use ammonia refrigerant.

P&T Building Copenhagen

This  plant
reciprocating compressors with plate
heat exchangers for the evaporator
as well as the condenser side.

uses ammonia

Particular mention of this plant is
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made in this article 16 stress the
point that with the use of plate heat
exchangers,  the refrigerant charge
reduces to nearly 20% and thus
handling of refrigerant and dangers
duc to possible leaks are substantially
minimized.

\\\’/UHCJ Plillk‘ heat x'\u']\;lll;j\‘li\ have

up innumerable
AC & R

professionals for various applications

opened

opportunitics (o

in air conditioning where earlier use
of ammonia was unthinkable.

Those who are aware of this

l\;lckgmuml and can offer creative
solutions will have a tremendous
advantage. This is‘exactly why
ammonia as a refricerant has a bie
potential in the future, since it has
zero ozone depleting potential and
zero global warmine effect.

Obstacles 1o the use of ammonia
need 1o be understood thoroughly

and care taken while designing and
installing the plants, so that the false
sense of security, created through
some 50 years of promotion of the
now hanned, so called, safery
refrigerants s and
appropriate measures taken.

un\lcr.\mud

Having covered some  typical

T

N f o

wiring at the P&T building, Copenhagen.

= :
The complete Ammonia Chiller package inclu

examples let us now look at the
properties  of  ammonia  in

comparison with other refrigerants.

Ammonia - a Natural
Refrigerant

Ammonia occurs on carth s
naturally as water. [tisa combination
of two natural compounds namely
Nitrogen and Hydrogen. There are
no man-made chemicals involved.
Our body produces one tenth of an
ounce of ammonia daily. Our liver
routinely converts ammonia in our
body and maintains normal PH

halance necessary to sustain life.
Toxicity

Since ammonia is water soluble,
inhaled ammonia dissolves in the
lining of nasal passage and s
swallowed. Consequently very linde
inhaled ammonia reaches the lunes.
It has been established l‘\ WHO thi
continuous inhalation of low
concentration of ammonia (25
PPM) does not produce harmful
effects. Even 100 PPM for short
duration does not have dangerous

effects.

Presence of 2-5 PPM ammonia in
air is detectable by smell. The

ding clectric starter panel and all
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advantage is that it gives people o
carly warning, enabling them to ¢
away immediacely frem a danwero
arca = so ammonia is self alaming
as even 5 PPM levels are easi
detected due 1o s pungent odog
Only when concentiation excecd
400 PPM, there s irritation in cye:
nose and respiratory organs.
Studies have therefore prove,
conclusively that there is no season
for any concern in using ammeonia.
Flamability

Ammonia is extremely hard towmig
and under normal conditions, is
stable compound. Ammonia wil
breakdown thermally above 4507
and ammonia vapour is flammabl
only at very high concentruam i
atmospheric air,

The flammable limiis in dry sir o
20C and | :lllnn.\l\iu‘l"c (1.3 ke
Cme) are:

LOWER LIMIT 15% by vol -
150,000 PPM or 105 gm/m’ or 9.2
by weight :

UPPER LIMIT 30.2% by vol =
3,020,000 PPM or 2! /

5 gmfm’ o
20.19% by weight

An ammonia air mixture doe not
ignite below 651°C in a sealed iron
flask.

Ammonia has been classified by the
US Dept. of Transportation and US
Coast Guard as a non-flamumablc
compressed gas for transportataon.

Ammonia installations do not
require special flame proof electaeals
as  required for Methane and
Propane, which are classified as
flammable refrigerants.

Availability & Cost

Under normal atmospheric pressre,
ammonia is a colourless, pungent
gas. Classified as refrigerant numher
R717, the 700 Group identsies

“inorganic compounds” and 17 is
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Ozone Depleting Potential

v

Fig. 1:Graph shows that Ammonia has
zero ozone depleting potential and there-
fore does no environmental damage.

Giobal Warming Potential

O -« N Wb

Fig. 2: Graph shows that Ammonia has
zero global warming potential and hence
is an ideal refrigerant compared to other
refrigerants. ;
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Fig. 3: The CFC Refrigerants are very
stable and have high atmospheric life.
They will eventually reach and damage
stratospheric ozone layer. Ammonia is a
natural substance, which when released
to atmosphere, reacts chemically with
carbon dioxide in the air in presence of
water to form harmless compounds such
as Ammonium Bicarbonate. Ammonia
released to atmosphere is transformed
within a few hours or days and thus
causes no damage.

the molecular mass of ammonia.
Roughtly, the price of HCFC-22 is

3 to 5 times ammonia refrigerant.
The cost of ammonia is not likely
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to rise significantly since ammonia
is mainly produced for fertilizers
and less than 5% of the total volume
of ammania produced is used as a
rc(rigér;xxif; Whereas, prices of
HCFC-22 and HFC-134a have shot
up steeply, as these chemicals are
produced for refrigerant purposes
only. # 4 i

Ammonia is produced-in a fertilizer
grade or commercial grade which has
99.5% minimum ammonia content,
while high purity -or refrigeration
grade anhydrous ammonia, with
99.95% minimum ammonia content
is specified for, use as refrigerant.
Thermodynamic Properties
I. Table -1 réveals that ammonia
refrigerant requires ‘a smaller
displacement: compressor for the
same output compared- to other
refrigerants..

2. The power consumption for
ammonia is also least compared to
other refrigerants.

3. The coefficient of performance for

ammonia is better-than other’

refrigerants.

4. The discharge temperature
however, is higher with ammonia
installations due to higher index of
compression and higher compression
ratio. This can however, turnout to
be an advantage if one installs a
superheat reclaim unit, or uses it in a
heat pump application.

Heat Transfef Coefficients
W/m2 K) -~

Feures in Table2 show the consistent
advantage of ammonia. Higher heat
transfer  rate - “means  smaller
evaporators and condensers for a
given temperature  difference
between refrigerant and external
fluid.

Alternatively if we retain larger
evaporators and condensers, the
corresponding evaporating
temperatures for maintaining the
same conditions will be higher, and
similarly the condensing
temperatures (for same heat sink
temperatures) will be lower: thus
increasing cycle efficiency and
coefficient of performance.

Density - Lighter Than Air

Sce Figure 4 which explains why the
number of fatal accidents involving
CFCs is many times greater than the
remarkably few fatal accidents with
ammonia refrigerant.

The molecular weight of ammonia
is also less, 17.03, as against 86.48
for R-22. Hence, molecules of
ammonia are casily carried away. It
also means that if plants working with
R-22 and ammonia develop equal
size leaks, the loss of refrigerant will
be greater per unit time for the R-
22 plant than ammonia.

Table 1
| Evap. Pr ‘Cond. Pr Compression| Comp. Power cor Discharge
kg/cm? A | kg/em? A ratio Displ* kW= temp. °C
: Litre/sec
Ammonia 2:41 11.89 4.94 0.463 0.207 4.84 98
R22 3.03 12.26 4.03 0.476 0.210 4.75 53
R12 1.862° 7.581 4.07 0.784 0.213 4.69 38
R134a 1.631 7.850 4.81 0.812 0.226 4.42 43

Thermodynamic properties based on — 15° C saturated evaporating temperature and 30°

C saturated condensing temperature
* Per kW of refrigeration
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Qil Recovery

Table 3 shows why there are fewer
problems between oil and amimonia
in refrigeration systems as ammonia
and oil do not mix casily together.
Oil readily separates and settlesat the
bottom of flooded evaporators and
the use of Tow pressure and high
pressure receivers makes the task of
oil drainage and recovery fairly
simple.

Liquid Density at room temperature g/m3
11284

=

Ammonm Ql R2

Fig 4: Ammonia being lighter than air,
only normal ventilation provided for the
plant room is adequate and no special
precautions are necessary as it is casily
carried away by air. Whereas R-22 being
heavier and in general all CFCs being
heavier than air, these casily accumulate
at floor level, basements, shipholds and
remain undetected for sometime.

Due to the miscible nature of R-22,
oil separation and recovery systems
for this refrigerant tend to be more
complex than for ammonia,
especially for low temperature
applications, where oil tends to
separate and  remain  in the
cvaporator. i

Great care must be taken in piping
design for R-22 plants to ensure that
oil returns to the compressor at the

same rate, at which the compressor
pumps it out. Any scparation and
accumulation of oil in the system
will not only affect  plant
performance adversely, but will
lead to danger of oil starvation in
the
breakdowns.

compressor,  leading 1o

Oil Foaming

With R-22 it is very difficult to
prevent oil foaming due to the partial
miscibility of oil with R-22. Thus
plants using R-22 witness oil foaming
in the crankcase of reciprocating
compressors, which does not occur
plants.  R-22
require

in ammonia
compressors  therefore
crankcase oil heaters to minimise
absorption of gas by the oil during
idle cycle of the compressor.

Oil Pump Malfunction

The density of R-22 liquid is higher
than mineral oil. Henee, during start
up, if liquid refrigerant is present in
the crankcase, the liquid will settle
down and oil will float on top starving
the oil pump and thereby affecting
lubrication, since refrigerant liquid
does not have lubricating properties.
In ammonia installations, even if
liquid is in the crankcase, since density
of ammonia liquid is lower than
mineral oil, the oil layer is always at
the bottom and ammonia liquid floats
on top, thus reducing the dangers of
oil starvation for lubrication.

Pipe Sizes

A relevant comparison of the

Table 2
Ammonia HCFC 22
Condensation outside tubes 7500-11000 1700-2800
Condensation inside tubes 4200-8500 1400-2000
Boiling outside tubes 2300-4500 1400-2000
Boiling inside tubes (Liquid circulation) 3100-5000 1500-2800

Heat Transfer Coefficients (W/m? K)
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refrigeration capacity of refrigeram
suction lines of various pape sizes witk
flow rates that causes exacly the sane
drop in saturation tempessure, shows
that a given pipe size, when carryinge
ammonia wiil provide 2-3 simes nmore
refrigeration capacity than®- 22, This
means that ammonia systems can e
designed with smaller (so bwer costd
pipes for the same penalty i pressure
drop, or if the same pipe sizes are
sclected, the ammonia sgstem wilf
have a smaller pressare  drop,
permitting a  higher evaporatos
temperature and lower casdensation
temperature, thereby impawing cycle
efficiency and COD,

For example, a 10 em dia, 30 meter
long (equivalent length) saction fine
will have a carrying capadgry of 280
kW (80 tons) imposing = pressure
drop of 1°C in a R-22 system, whereas
for an ammonia system the line

capacity will be 728 kW (28 tons) —

under identical cond@ions of
cvaporating  and  cemdensine

temperatures and same presure drop.
Critical Temperature

The critical temperature o ammoniz
is 132.4°C whereas for R-22 iy
is 96°C.

As the condensing temperature
approaches the critical temperature,
the coefficient of performance and
the refrigeration capacity as reduced
significantly. Considering fure uses
of ammonia, the higher eritical
temperature will be advantageous in

Density - Kg/ m3

O - N w &

Fig 5: So 582 < 893 for Ammasia.
Whereas 1128.4 > 893 for R-22
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Table 3 systems in comparison
~ Miscibility to other refrigerants.
‘emperatures THER: : Conclusion:
R22 ~ Ammonia )
T ‘Since safety is the only
50°C 100% miscible Immiscible. ! S ; y
‘ major challenge facing
25°C 100% miscible Immiscible pote ntial
0°C 100% miscible Immiscible npp[ic;uiohs ; of
-25°C 100% miscible Tmmiscible ammonia, any fear held
by the general public, as
-40°C 100% miscible Immiscible well i })y 1 ché

Mineral oil miscibility at various temperatures

at pump applications requiring
gh temperatures for maximum
at utilization.

reenhouse Impact (TEWI)

~ . . .
CR applications contribute to
lobal Warming in two ways:

Direct — By escape of refrigerant
atmosphere while servicing and by
akages in the system (including
rapping) during the entire life cycle
" the system — expressed in
juivalent CO; emission.

Indirect — Due to energy utilised
. the generation of which CO, is
nitted to the atmosphere.
herefore Total Equivalent
7arming Index (TEWI) is leakage
us energy consumption.

EWI = MASS refrig't X GWPrcfrig'(
O x E annual X years

here: GWP = Global Warming

otential of refrigerant relative to

10,(GWP of CO, = 1)
t = CO, emission per kW hr of
nergy

= Energy consumption (kWhr
er annum)

.= Number of years.

5WP of ammonia is zero i.e. there
s no direct greenhouse effect.

“he very good thermal properties of
mmonia and the absence of a direct
reenhouse effect lead to a more
avorable TEWI balance of ammonia
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engineering field, must
be dispelled through
proper education, field training and
safety practices. 1

Given today’s changed atmosphere
in which aims of = ‘energy
conservationalist © often
conflict with  those  of
environmentalists, ammonia, the
time tested self alarming and non
polluting refrigerant provides the best
option  with its  superior
thermodynamic properties, with no
global warming potential coupled
with its environmentally. friendly
characteristics and low cost.

Extensive use of ammonia in all fields

of air conditioning and refrigeration -

in light of the CFC phase out situation
is a necessity and is practical.

There is no limit to the
development and utilization of
ammonia as a refrigerant for the
entire AC &R industry.

4

References:

1. ASHRAE Findamentals 1997

2. FEurammon Publications — Germany
Ammonia for an ecologically friendly
future

3. Ewope's Most Modém Abrport —
Opcnm] Oct 98
OSL English Presentation 04/97

4. Nawral Working Fluids — 1IR Gustav

Lorentzen Conference

Sabroe Denmark Publication No.

0541 - 181

6. Opporunities for Ammonia
Refrigeration — W.E Stoecker
Heating/Piping/Air Conditioning —
Sept 89

wn

7. Ammonia as a refrigerant —
International Institute of
Refrigeration — 1993 publication

8. Ammonia as a vefrigerant - ASHRAE
Journal September 1991

9.  Ammonia as an altemative refrigerant —
ASHRAE Journal July 1990

10. Choice of refrigerant for Refrigeration
systems for Industrial Process plants by
R.P. Paranjpey — 5-1-1982 paper
published at Institute of Energy
Management Co-sponsored by All
India Air Conditioning &
Refrigeration Association

11. International Institute of Ammonia

Direct Effect:
of Refrigerant

3,000,000 Emissions

2,000,000

Normalized Radiative Forcing

Use

100 150

0 S0
Time (years)

Indirect Effect

200 250 300

Refrigeration
o ; . . ! Publications Illinois —
s A USA
12. British Standard BS
4,000,000 |-
4434 - 1995

13. Refrigeration & Air
Conditioning Journal
UK, February 99. The
impact of accelerated

phase out of
HCFCs

from Energy 14. ASHRAE Journal
September 1998 -
Global Warming
Implications R

Fig. 6: Radiative forcing from greenhouse gases for a
supermarket direct expansion refrigeration system.

%  April - June 1999

~ 7



	Blank Page

