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ENERGY CONSERVATION MEASURES ADOPTED
IN HEAVY WATER PLANTS

S.Sundaresan, S.Lakshmanan.
Heavy Water Plant - Tuticorin

Energy use can be significantly reduced in the process
plants by systematically reviewing the original design and
operating practices.

While designing a Chemical Process Plant, sometimes the
designers go for high margin in certain areas anticipating
to suit process conditions which finally result in wastage
of energy if those conditions are not realised in the actual
operation of the plant.

Similarly some of the operating practices evolved since
commissioning, might be resulting in uneconomical use of
energy when they are not checked by the regular review of
the operating practices.

This paper deals with the various efforts made by Heavy
Water Plant, Tuticorin, in identifying the potential energy
losses and steps taken to minimise them, which not only
resulted in substantial energy savings but also helped in
debottle-necking of the plant.

Measures adopted

Experience in the operation of the plant has revealed
that the anticipated conditions on certain machines differed
from the actual operational conditions resulting in wastage
of energy. Such machines and the areas have been identified
and corrective steps were taken to avoid wastage of energy.

After detailed study the excess pressure drops de-
veloped across the compressors were brought down to the
required pressure drop by reducing the speed of the compres-
sor thereby saving in energy. The excess pressure drop
developed across the pumps were also reduced by removing
some of the impellers without affecting the balancing or by
trimming the impellers. The excess capacity available in
some compressors were fully utilised by sharing the load
from other units and thereby achieving substantial energy
conservation.

1.0 Speed reduction of centrifugal booster compressor

The inlet synthesis gas is supplied from the adjacent
fertilizer plant at a pressure of 191-216 Kg/cm2 and 40
degree C. The pressure drop across HWP is to be compensated
by a centrifugal compressor driven by a constant speed 2600
KW induction motor with a design capacity of 48000 kg/hr and



a differential pressure of 53 kg/cm2 across the plant. But
in actual operation it was only 30 kg/cm2. Hence for the
required flow the control valve at suction had to be throt-
tled so,as to drop the remaining head. This was resulting
in huge energy waste. This area was identified and we have
reduced the speed of the compressor by 8 percent from 14770
rev/minute to 13588 rev/minute by changing the existing
step up gear unit. This has resulted in reduction of energy
consumption to the extent of 10400 units per day. The pay
back period for this modification was about 3 months.

2.0 Load sharing between two refrigeration system
(See fig.l)

There are two refrigeration systems in Heavy Water
Plant, Tuticorin - one for ammonia synthesis unit and the
other for main plant, The refrigeration system for ammonia
synthesis unit employs a two stage centrifugal compressor
driven by 2450 KW induction motor. This system operates at
two temperature levels viz. +12 deg.C and -11 deg. C.

The main plant refrigeration system which works on -11
deg. C employs three reciprocating compressors, of 440 KW
each with a provision of capacity change either to 50 or 100
percent.

It was found even in maximum load condition in NH
3

synthesis unit that the antisurge valve of the first stage
of the centrifugal compressor was 40 percent open. This
indicated that spare capacity was available with the cen-
trifugal compressor whereas in main plant three reciprocat-
ing compressors were to be run plus one compressor at 50
percent. Hence both the refrigeration systems were inter-
connected with appropriate control circuits. This has
resulted in maximum utilisation of the centrifugal compres-
sor without spending extra energy. In addition to energy
saving of about 300 KWhr. this has resulted in sparing one
reciprocating compressor for preventive maintenance purpose
thereby helping to have sustained production. The pay back
period for this modification was around two months.

3. Incorporation of capacitor bank

Though capacitor bank will not conserve energy, it will
reduce maximum demand thereby the payment to Electricity
Board is reduced. Four units of capacitors are in line.
Two of them are 7 KVAR and the other two are 14 KVAR. They
are in parallel to two buses of 3.3 KV. Since commissioning
of this system, the power factor had been brought to close
to unity from 0.86.

(a) By improving the power factor, MD is reduced by
1300 KVA to 1500 KVA.
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(b) Energy consumption was reduced about 225 KWhr
per day.

4.0 Incorporation of outlet pressure reducing valve

Even after reducing speed of centrifugal booster com-
pressor its inlet control valve remained in 20% closed
condition even during maximum gas throughput to isotopic
exchange section.

This wastage of energy at the inlet of compressor has
been profitably utilised by providing a pressure reducing
valve at the synthesis gas outlet line to ammonia plant.
This pressure reducing valve is throttled so that booster
compressor suction control valve opens around 95%. It has
helped in increasing the operating pressure of primary
exchange tower (by 15 kg per sq. cm) thereby increase in
extraction efficiency for the same energy consumption.

5.0 Production of off-grade heavy water instead of nuclear
grade heavy water

At present D o withdrawal frorc main plant is started as
2

and when the concentration of heavy water is reached 40% w/w
instead of 99.8%. If the plant is run for production of
nuclear grade heavy water, the loss due to venting of en-
riched ammonia/synthesis gas during a trip of the plant on
various faults will be considerable (around 100 kgs of
equivalent heavy water). This will be equivalent to an
energy consumption of 1,54,000 KWhr of electrical energy.
In order to. avoid such recurrent energy wastage. Production
was started from the mair, plant.

The off-grade heavy water requires very less amount of
energy to upgrade it to nuclear grade heavy water by vacuum
distillation.

6.0 Removal of one set of impeller or trimming of impellers

In 12P11/12 pumps two impellers out of six were re-
noved. In 12P61 pump the impeller was trimmed by 10 mm from
240 mm to 230 mm. By effecting the above modificationsthe
ampearage of 12P11/12 was brought down to 55 from 70 and
that of 12P61 was brought down to 65 from 75. these two
modifications were done without affecting the capacity of
the plant. Also we are able to run the plant without any
reduction in load even during high power frequency which was
a restraint earlier.

Conclusion

All the above modifications have resulted in a saving
of about 7% of electrical energy.
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These efforts have also resulted in increasing the on-
stream factor and capacity utilisation with low specific
energy consumption.


