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CASE STUDY:
COMPARING EVAPORATIVE CONDENSERS WITH
ADIABATICALLY ASSISTED AIR COOLED CONDENSERS

Gabor Hilton*, MIE.AUST M.AIRAH

1. Introduction

Oxford Cold Storage is the largest refrigerated warehouse facility on one site in Australia, with a total refrigerated space of 700,000
cubic metres. The site area is 17 ha.

The extensive refrigeration systems use evaporative condensers which consume 55.5 million litres of water per annum.
There is pressure to reduce this water consumption.

The total annual cost of water at the facility is $52,706 based on 95 cents per kilolitre. An additional cost of $40,000 per year is
incurred for cooling water treatment for corrosion and the cost of complying with the BCC’s requirements for Legionella bacterial
control in evaporative condensers and cooling towers. Therefore, the total annual water cost is $92,706.00.

The use of adiabatically assisted air cooled condensers (AAACCs, commonly referred to as hybrid condensers) offers the prospect
of reducing water consumption by 60%, as claimed by Australia’s leading manufacturer of the units.

There are also no Legionella problems associated with AAACCs and they are exempt from the Building Control Commission’s
(BCC’s) requirements for Legionella bacteria control.

A case study was conducted to determine whether or not there would be merit in replacing the existing evaporative condensers
at Oxford Cold Storage with AAACCs.

Note was taken of expected energy consumption, water savings and capital costs for Freezer 11 and then projected
for the whole site.

The overall conclusion is that AAACCs in this case are not a suitable solution due to high capital cost and increased energy
consumption, notwithstanding the positive results showing water savings of 33.3 million litres and the absence of Legionella issues.
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Figure 1 — annual ambient dry bulb temperature profile for Melbourne City
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2. Operating principles of various refrigerant
condensing systems

2.1 Evaporative condensers (ECs)

These devices are well known and widely used in industry. Their
principle of operation is to evaporate water in an air stream by
using the latent heat of condensation of the refrigerant inside the
tubes by means of a complex heat and mass transfer.

Any fan heat added to the air stream adds to the evaporation
load as does the initial sensible heat component between
the dry bulb condition and the wet bulb condition which is an
adiabatic process.

In evaporative condensers generally, the water evaporates at
a rate of 1kg / sec for 2,400kW total heat rejection.

Large quantities of heat may be removed with minimal pump
and fan energy due to the high latent heat of evaporation

of water, giving a large enthalpy increase per degree C rise
in wet bulb temperature. Finally, the water consumption is
proportional to the heat load.

2.2 Adiabatically assisted air cooled condensers
(AAACCs)

These are essentially air cooled condensers where the air
is pre-cooled in an adiabatic process by cooling air through
wetted pads similar to an evaporative cooler. This is a heat
and mass transfer process.

The pre-cooled air is then used as cooling air relying solely on
increasing the air temperature in a convection heat transfer
process.

Because of the small specific heat of air, large volumes of air
are required using considerably more energy than evaporative
condensers for air movement. However, the pumps for
AAACCs are considerably smaller and less energy intensive
than those for evaporative condensers. See Table 1.

The water consumption rate of AAACCs may be greater

than that for equivalent capacity ECs. One manufacturer of
AAACCs cites a maximum water consumption of 0.54 litres
per second for an AAACC with a heat rejection capacity of
785 kW. In an evaporative condenser the evaporation rate
would be 0.35 litres per second to handle the 785 kW heat
rejection plus removing the fan and pump heat added and the
adiabatic cooling component of the air. This highlights the
fact that in AAACCs, the water consumption is a function of
relative humidity, air temperature and rate of air flow.

The water saving with AAACCs is due to the fact that when
the ambient air dry bulb temperature is below a certain value,
such as 22°C, for example, the water to the pads is turned
off and the condensing process continues as a sensible

heat transfer process without pre-cooling the air. Discharge
pressure may then be maintained for various reasons by
either slowing down the fans or switching the fans on and off.

As can be seen from Figure 1, the ambient dry bulb temperature
in Melbourne is at 22°C or below for about 85% of the time. In
such a case, the water would be on for only 15% of the time.

3. Analysis of AAACC requirements compared to
the existing installation

In Table 1, the capital cost and connected electrical power for
fans and pumps are compared between ECs and AAACCs
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A quotation was obtained to replace three existing
evaporative condensers located at the Freezer 11 plant room
with nine AAACCs.

To provide the equivalent capacity to the three ECs required
nine AAACCs.

4. The ideal discharge pressure

Theoretically, depending on the size and type of an
evaporative condenser, the discharge pressure can be
lowered close to the pressure corresponding to the saturated
condensing temperature (SCT) for ammonia at the ambient
wet bulb (WB) temperature. The actual SCT will usually be
a bit higher than the theoretical SCT because of pressure
losses in the discharge pipes and the possible presence of
non-condensable gasses such as air in the ammonia.

It is common practice to refer to SCT rather than pressure
based on the saturated pressure-temperature relationship of
refrigerants.

4.1 Oxford Cold Storage’s condensers are designed for
ambient 32°C DB and 22°C WB

Non-condensable gases (air) are the most frequent cause of
elevated discharge pressures and these are removed from
the system by automatic air purgers.

With Oxford’s oversized condensers, it is possible to achieve
very low discharge pressures, in the order of 600-800kPa
on cold days and nights. The condensers are oversized

to enhance energy efficiency and this has been taken into
account in calculating the energy savings.

Parameter Evaporative Equivalent
Condensers capacity
(existing AACCs

Total number of units 3 39

Design DB temp 32°C 35°C

Design WB 22°C 22°C

Heat rejection per unit 1956kW THR 652kW THR

Total heat rejection 5868kW THR 5868kW THR

Condenser fans, each 1x18.5kW 4 x 5.5kW VSD
and 1 x11kW

Total number of fans 6 36

Total fan rated capacity 88.5kW 198kW

Water pump capacity 5.5kW 0.4kwW

Total pump rated 16.5kW 3.6kW

capacity

Total pump and fan KW 105kW 201.3kW

Cost of units each $75,000 $67,806

Total cost of all units $215,000 $610,254

Table 1 — comparison of evaporative condensers and AAACCs

At elevated suction pressures and higher than the design
discharge pressure conditions it is possible for the high
stage compressor motors to become overloaded. Most

120 120
100 M 100
2
o 80 80 &
2 o
= / ©
o 3]
3 60 60 ©
g £
o o
N (o)
o~ 40 40 O
=S
20 20
Reference Ecolibrium
August 2005
0 0
800 900 1000 1100 1200 1300 1400 1500

Discharge Pressure kPag

Figure 2 — change in cooling capacity and energy use as function of discharge pressure for a fully loaded NH3 screw compressor relative
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screw compressor controllers adjust the motor current by
partially unloading the compressor. This in turn reduces
the compressor capacity, further increasing the low and
intermediate stage suction pressures and the load on all
compressor motors.

The challenges are therefore:

e To maintain low discharge pressures during conditions
of high ambient temperatures and humidity, and

e At times of low ambient temperatures to maintain
adequate pressure for the liquid feeds to the low
pressure drums and intercoolers, and where DX
systems are used

4.2 The effects of reducing compressor discharge
(head) pressure on energy consumption

As shown in Figure 2, lowering the discharge pressure
has only a small beneficial effect on compressor and
hence overall system cooling capacity, but it significantly
reduces compressor energy used for the same amount of
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cooling. Generally, energy use reduces by 2-3% for every
1°C reduction in SCT.

The results for changes in power consumption for the
high stage screw compressor in Table 1 were obtained by
physical testing on Freezer 12 high stage compressor.

The Freezer 12 high stage screw compressor is direct
coupled to a four pole 320kW/535A electric motor which
draws 530amps at the design conditions of -10°C/ 35°C
(see Figure 2). Reducing the discharge pressure by
200kPa will reduce the power consumption by 45BkW
(7%), which equates to 52 kW max demand at 90%
electric motor efficiency and 95% transmission efficiency
between the metering point and the motor.

If the discharge pressure is reduced by an average of
200kPa over 365 days based on 24 hours a day operation
the savings for Freezer 12 are:

365 x 24 x 51 x $0.13/kWhr = $58,079.00

The estimated energy savings over the whole Oxford site are:
Freezers 1-10  $71,628.00

Freezer 11 $105,157.00
Freezer 12 $58,079.00
Total $234,914.00

This equates to 1,807,000 kWhrs saved. This reduced
CO2 emissions by 2,515 tonnes in Victoria, which uses
brown coal as a power generating fuel.

It is likely that AAACCs would maintain the compressor
discharge pressure 200 kPa higher than ECs would
because of the inherent heat transfer processes involved.

4.3 Condenser fan and pump running cost

In the case of evaporative condensers, there is a benefit
in running excess condenser capacity when it is available.
See Figure 3.

This is due to the fact that the reduction in compressor
power consumption is greater than the increase in relative
condenser fan and pump power.

As observed previously in Table 1, AAACCs use
considerably more fan and pump power than the ECs and
consequently little or no benefit can be had by running
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excess AAACC capacity when it is available at light load
conditions, as is the case for ECs.

This leads to the observation that the higher fan and pump
power consumption imposes a running cost penalty on
the system during a year running as condenser fans would
be turned off to match compressor capacity and maintain
a required minimum discharge pressure. Variable speed
drive (VSD) power saving should be treated carefully due to

reducing electric motor efficiency.

We estimate this energy cost penalty to be equal to the
continuous running of the AAACC fans and pumps reduced
by the continuous running of the EC fans and pumps. This
results in the following running cost penalty. It is based on
data from Table 1 for Freezer 11.

1. Connected load AAACC, BKW 201.3
2. Connected load EC, BkW 105.0
3. Difference, BkW 96.3
4. Say output, % 85
5. Say motor efficiency, % 90
6. Say transmission efficiency between metering
point and fan motors and pumps, % 95
7. kW max demand, kW
96.3 BKW x 0.85
0.9x0.95 Say, 95
8. Annual running cost penalty due to AAACC
fans and pumps
365 x 24 x 95 x $0.13 = $108,186.00 for Freezer 11
Refrigerant: Ammonia

Compressor capacity:

Annual running cost penalty projected for the entire site
would be

$108,186
$105,157

x $234,914 = $241,680.00

At 13 cents/kWhr this represents a total energy penalty of
1,859,000 kWhrs which generate an extra 2,587 tonnes of
CO2 greenhouse gas emissions.

5. Summary of comparison

In Table 2, on page 26, the relative advantages and
disadvantages are summarised

6. Conclusions

Referring to Table 2, it is clear that in the case of Oxford Cold
Stores replacing existing evaporative condensers (ECs) with
adiabatically assisted air cooled condensers (AAACCs) is not
an attractive proposition as it would:

1.

o K~ D

Have a capital and installation cost penalty of some $1.2
million.

Occupy three times as much land or roof area.
Consume an extra 3.66 million kWhrs/annum of electricity
Have a $476,000 annual energy cost penalty.

Generate an extra 5100 tonnes of CO, greenhouse gas
annually.

Save 33.3 million litres of water representing a saving
of $72,000.00.
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Figure 3 — power requirements for compressor and condenser vs condenser capacity (Visser, 1979)
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In addition to increasing annual nett running costs by some $400,000 (extra
energy costs reduced by water savings) and requiring significant extra
investment of some $1,200,000, the real problem is the extra 5100 tonnes of
CO2 greenhouse gas generated.

It should also be borne in mind that increased energy consumption by the
consumers results in additional water consumption at the power station.
Water supply to power stations is becoming an issue.

The strong belief of the engineers in this case is that the generation of 5100
tonnes of CO2 is far too high a price to pay to eliminate the possibility of
legionnaires’ disease and saving 33,300 tonnes of water.

Oxford management believes that legionnaires’ disease is a manageable risk.
It should be a manageable risk everywhere if it comes at such a high overall
environmental cost.

It is emphasised that the above findings are site specific to the Oxford facility
and may not be true for other sites.

[t may well be that the situation at other sites is different, as the design of
the refrigeration systems has significant bearing on the energy consumption
characteristics of refrigeration plants.

In cases where cooling towers are used, AAACCs would have a much better
chance of being successfully applied, as cooling tower systems are less
efficient than direct refrigeration systems because of the extra stage of heat
exchange on the discharge of the compressors and the tendency to maintain
constant discharge pressures.

AAACCs have a very bright future for applications in the emerging revival of
transcritical carbon dioxide refrigeration technology applied to both industrial
refrigeration and office building air conditioning with the attendant benefits of
achieving both significant energy and water savings. A simple redesign for
the much higher pressures and refrigerant mass flow velocities in the circuits
are the only requirements.

It is a great irony that AAACCs have been successful in removing the
traditional objections to piping refrigerants from inside the plantroom to
outside the buildings, which is necessary with AAACCs. To that extent,
AAACCs have opened the way for the installation of ECs with all the attendant
benefits.

This is possible by accepting legionnaires’ disease as a manageable risk by a
society, which accepts nearly 1000 road deaths per annum without demur.

Oxford management is considering harvesting water from its 70,000m® roof
which during a normal rainfall year would supply more than 60% of condenser
make-up water. Wl
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PARAMETER CONDENSER TYPE

N° Description EC AAACC

1 1. Capital Cost, $ Freezer 11 only 215,000 610,254
2. Capital Cost, Whole site 450,000 1,500,000

2 1. Installation Cost, $ Freezer 11 60,000 150,000
2. Whole site 120,000 375,000

3 Area occupied, % rel 100 300

4 Extra annual energy consumption
1. Compressors, kWhrs 0 1,807,000
2. Condenser fans, kWhrs 0 1,859,000
3. Total, kWhrs 0 3,666,000

5 Extra energy cost, $
1. Due to lower disch. pressure 0 235,000
2. Due to higher fan power and 0 241,000

Oxford’s oversized ECs
3. Total annual energy cost $475,000
Savings for ECs.

6 Annual greenhouse (CO,) gas production 0 5,103
From 3,666,000 kWhrs, tonnes

7 Annual water consumption in kilolitres 55,500 22,200

8 Water saving
1. K 0 33,300
2. % 0 0

9 Water costs, $
1. Purchase at $0.95/kl, $ 52,706 21,000
2. Legionella control, $ 40,000 —
3. Total, $ 92,706 21,000
4. Savings 0 72,000

This document was prepared to investigate the possibilities of
reducing electricity costs and water consumption in Oxford Cold
Storage’s refrigeration plant. All testing was done at Oxford’s
Laverton North facilities in Victoria and on the refrigeration
equipment installed. The results and conclusions apply to the
facility but may be different at other locations and using different

equipment or methodology. The conclusions reflect the view of
the author but may differ from the view held by others in the
Cold Storage Industry. However, the author believes that his
conclusions are a good reflection of best the practice for all cold
stores in Australia.
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Table 2

The author was not able to find an instance of a cold store that
replaced evaporative condensers with hybrid condensers or
vice versa. The practical proof of this paper is only possible if an
installation can be found where evaporative and hybrid condensers
have been switched and records were kept of electricity and
water consumption over a period of twelve months. A study of
the alternative systems would make a good industrial refrigeration
research project for a teaching institution.

This paper has been peer reviewed. For more information
on the peer review process, visit www.airah.org.au
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