-04_IndirectSea_p46_p50.FH11 4/10/07 9:54 PM Page 1

Indirect Seawater Cooling
and Thermal Storage System
in Changi Naval Base

46

THE ENGINEERING
CHALLENGE
When DSTA was tasked to develop a new naval
base in Changi, the main challenge was to
provide cost-effective engineering solutions
that could meet current as well as future needs
of the Republic of Singapore Navy. The
solutions were to allow new technologies and
innovations to be incorporated and integrated
into the overall engineering design. The
development aimed to provide flexibility,
enhance operational efficiency, conserve water
and energy, and optimise capital investment.
In addition, careful consideration was given
to the growth of the supporting infrastructure
and trends in the external environment that
would impact the future developmental needs,
such as the ongoing deregulation of power
supply in Singapore.
In the design of the air conditioning system
for the buildings in the new naval base, the
objective was to have an energy-efficient
system that consumes minimal water. Various
options, which included the conventional aircooled and water-cooled systems, were studied
and evaluated. While the conventional aircooled system did not fit the requirements

with its poorer energy efficiency, a watercooled system consumes a huge amount of
water. The marine environment is also known
to create corrosion problems for conventional
air conditioning systems. These problems
would be further accentuated if decentralised
cooling towers or air-cooled condensers were
installed in every building. However, given the
proximity of the naval base to the sea, the use
of seawater for cooling purposes was
considered a viable option.

SYSTEM INNOVATION
The system innovation implemented for the
naval base is the unique integration of Indirect
Seawater Cooling, Thermal Storage and an
On-Demand condenser water distribution
network. Refer to Figure 1.
The objective is to provide air conditioning to
the buildings in the naval base in an energyefficient manner through the use of a watercooled system, without consuming potable
water. The use of an indirect seawater cooling
system gives higher energy efficiency in heat
rejection without having to use expensive
corrosion resistant chillers, pipe work and
associated equipment. Furthermore, an indirect

Figure 1. Basic Concept of Indirect Seawater Cooling and Thermal Storage System
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seawater cooling system enables the corrosion
and bio-fouling problems associated with
seawater cooling to be localised. The
integration with thermal storage further
optimises the efficiency of the seawater
infrastructure by utilising its spare capacity
during off-peak hours. In addition, it favours
the demand-side energy management and is
ready to benefit from the increasing difference
between peak and off-peak electricity rates
brought about by the deregulation of power
supply. The on-demand condenser water
network is a fully variable flow system and
supplies water according to demand in cooling.
This optimises the pumping energy required
for condenser water distribution.
This system innovation was developed in
phases, starting from 2000. It was awarded the
Engineering Achievement Award by the
Institution of Engineers Singapore in 2000, the
Energy Efficient Building Award by the Building
and Construction Authority in 2002 and the
ASEAN Energy Award in 2002, in recognition
of the outstanding engineering contributions
made in the design of the system based on
applicability and originality. The next few
sections will elaborate on the system design.

Figure 2. Indirect Seawater Cooling System

INDIRECT SEAWATER
COOLING SYSTEM
An extensive literature research into the use
of seawater for cooling purposes was
conducted. Study trips to existing facilities that
use seawater for cooling purposes, such as the
Senoko Power Station, Marina Hotels and
Shopping Complex and Chek Lap Kok Airport
in Hong Kong, were made to learn from their
experiences. Different design concepts were
studied, assessed and evaluated. The options
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Figure 3. Indirect Seawater Cooling System in Changi Naval Base
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Figure 4(a). Seawater Intake Chamber

Figure 4(b). Titanium Plate Heat Exchanger

Figure 4(c). Condenser Water Pump

Figure 4(d). Electro-Chlorinator

were narrowed down to the direct and indirect
seawater cooling systems.

maintainability. Figure 4 shows the seawater
cooling system installed in the naval base.

Figures 2 and 3 show the indirect seawater
cooling system, which comprises mainly the
seawater intake chambers, a seawater cooling
plant and a condenser water distribution
network. The sea serves as a huge heat sink
with an unlimited cooling capacity, which
removes heat from the air conditioning plants.
Seawater is drawn in from the intake chamber
and the seawater cooling plant facilitates the
heat transfer between the seawater and the
condenser water. The condenser water is then
distributed throughout the base to various
buildings through the distribution network.

Challenges In Seawater Cooling

The seawater cooling plant consists of platetype heat exchangers, primary condenser water
pumps, an electro-chlorinator and controls. A
plate-type heat exchanger is employed for
indirect seawater cooling for better

The major challenges encountered in
implementing the seawater cooling system
were seawater corrosion and marine growth.
The feedback gathered from visits to some
seawater cooling projects had suggested
unfavourable experiences encountered in the
operation and maintenance of seawater plants.
To keep these problems to a minimum,
different design concepts were evaluated. In
addition, research studies were conducted in
the selection of corrosion resistant materials
and to determine the effective strategy to
combat marine growth (Teo, Ng, Chang, Ng &
Ng, 2000). Furthermore, means to control
marine growth must be environmentally
friendly, as far as possible, to prevent any
significant impact to the quality of the seawater
in the basin.
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Effective Corrosion Control
Scheme
a. Indirect Seawater Cooling Concept
The indirect seawater cooling system was
chosen for implementation. With a more
localised seawater circuit, corrosion control
can be focused and effectively managed
through the use of superior corrosion resistant
materials without inflating the cost significantly.
Although direct seawater cooling appears more
efficient in heat transfer and utilises less
equipment, its seawater circuit will be fairly
extensive. The air conditioning plant and all
the piping would then have to be seawater
resistant and maintained against corrosion and
fouling. Indirect seawater cooling, on the
other hand, has a localised seawater circuit
and uses fresh water in the condenser water
network. Hence, the air conditioning plant and
piping are similar to those used in a
conventional air conditioning system. Refer to
Figure 5.

Figure 5. Direct Vs Indirect Seawater Cooling System
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b. Use of Corrosion Resistant Materials
To effectively manage seawater corrosion,
extensive studies were conducted and an
evaluation of the array of corrosion resistant
materials available in the market was carried
out. The most effective materials were selected
for implementation. Factors considered when
selecting the materials included material
compatibility, seawater condition, service life
span, environmental friendliness, maintenance
requirement and cost. Fibre Reinforced Plastic
piping, titanium plate heat exchangers, duplex
stainless steel pumps and copper nickel passive
filters were selected for the building of the
indirect seawater cooling system.

Effective Marine Growth
Control Scheme
The main macro-fouling organisms around the
Singapore coastline are green mussels,
barnacles and tubeworms. A typical
classification of bio-fouling organisms in

Figure 6. Typical Marine Fouling Organisms
seawater environment is shown in Figure 6.
We employed the use of mechanical and
chemical treatment to minimise bio-fouling.
a. Mechanical Treatment
The use of a screen filter at the seawater intake
chamber helps to prevent foreign objects,
including macro organisms, from entering the
seawater cooling system. Travelling rotary
screens are conventionally used in other
seawater cooling systems. However, such a
filter system tends to be labour intensive and
costly to maintain, given the high maintenance
and electrical power consumption. An
alternative was sought and it was found that
a passive screen filtration system would use
less moving parts, which enhances the system’s
reliability, maintainability and safety.
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the intake of seawater, through the heat
exchanger, the outfall and back to the harbour.
For environmental friendliness, chlorine is
generated from the electrolysis of seawater
using electro-chlorinators and injected into
the seawater circuit at the seawater intake.

FRP material with
mussels

Figure 7(a). Laboratory Set Up
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Figure 7(b). Results from Laboratory Testing
In addition, this system is less labour intensive
and relatively easy to design and install. Biofouling resistance materials such as 90/10
copper nickel iron alloy for the passive seawater
intake filter were used. To prevent the
attachment of clams and mussels, a minimum
flow velocity of 1m/s in the pipeline is designed.
In addition, the avoidance of stagnant
conditions and good maintenance during
operations are essential to minimise
bio-fouling problems.
b. Chemical Treatment
A filter screen cannot prevent the microscopic
bacteria, fungi and larvae of mussels from
entering the cooling systems. Chemical
treatment is therefore necessary to prevent
the establishment of a biofilm. The chemical
treatment programme is of great importance
in seawater cooling systems, beginning from

A study was conducted to determine the
optimal chlorine-dosing plan to prevent the
build-up of marine organisms in the seawater
circuit. A laboratory study was also carried out
to evaluate the biocidal efficacy of eight
commercial biocides. Environmental factors
were also taken into consideration for the
selection. The laboratory set up is as shown in
Figure 7. Laboratory analysis has determined
that a continuous chloride dosing, at a dosage
of about 1.5ppm at the water intake region
would minimise bio-fouling. The residual
concentration at the discharge is expected to
be lower (<0.9ppm) due to losses and chemical
degradations. The seawater in the vicinity
would further dilute the discharge. In the event
of breakdowns of the electro-chlorination unit,
biocides such as Clam Trol CT1301 can be used
as a substitute, at a dosage of about 25ppm.
This biocide dosing is also used for
prolonged shutdowns.

OPTIMISATION OF THE
HYDRONIC SYSTEM
The varying cooling demand from each building
and the phased development of the naval base
would require comprehensive studies to ensure
that the system performs optimally throughout
the implementation. For the condenser water
distribution network, a fully variable flow
system, otherwise known as the decoupler
concept, was adopted to conserve pumping
energy. A study was done to model the
seawater cooling system using hydronic
computer simulation (Toh, Wong, Ng & Han,
2000) so as to further optimise the energy
efficiency of the system over several phases of
the naval base development.
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The study included an analysis of the
temperature, flow and pressure losses in the
reticulation system and heat exchangers at
ultimate full load, full load at phased operation,
and off-design conditions. It established the
control concept for the seawater cooling system
and defined the optimum flow control
strategies for the condenser water piping
network. The study also established that the
flow rate in the seawater circuit should be 16
percent more than that of the condensing
water circuit for best results. The estimated
overall improvement in system efficiency was

Make ICE

Exploit the use of cheaper
off-peak power for air
conditioning and reducing
the electricity bill

Melt ICE

Store ICE

Figure 8. Thermal Ice Storage System

Figure 9(a).
Thermal Ice Storage
System

15 percent. Based on the study, the equipment
was appropriately sized and selected for
implementation.

THERMAL STORAGE
The thermal (ice) storage system produces ice
during the off-peak period (night time), which
can be stored and used to supplement part of
the air conditioning load during the peak
period (day time). See Figure 8. By carefully
sizing the thermal storage capacity, the peakcooling load in the day could be ”shaved” and
“transferred” to the night. See Figure 9.
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Figure 9(b). Partial Storage Load Levelling

-04_IndirectSeaWater_final.FH11 4/4/07 1:43 PM Page 9

52

The “shaved” capacity was designed at
approximately 25 percent of the peak-cooling
load for the buildings in the naval base. This
helped maximise the overall savings, taking
into consideration the tariff gap and the costs
of the thermal (ice) storage and indirect
seawater cooling systems.
The creative combination of thermal (ice)
storage with seawater cooling has brought
with it several advantages. In shifting part of
the cooling load into the night, the ice storage
mechanism is able to fully exploit the nighttime spare capacity of the seawater cooling
system to make and store ice. This spare
capacity from the equipment would
otherwise be lying idle due to the reduced
night-time load.

Commissioned
and operational
since October
2000

Figure 10. Thermal Ice Storage Plant in
Changi Naval Base
In addition, by shaving off part of the peak
day cooling load and ”shifting” it to the night,
the thermal (ice) storage helped reduce the
day capacity needed from the seawater cooling
system, thus reducing the infrastructure
requirements. These include reduced pump
sizes, piping and power supply infrastructure
for the indirect seawater cooling system and
condenser water circuit, thus making it even
more cost-effective. Figure 10 shows the
thermal (ice) storage plant.

OTHER SPECIAL
CONTRIBUTIONS AND
BENEFITS
This system innovation has contributed to the
conservation of energy and water, which are
both scarce resources in Singapore. In addition,
it opens up an avenue for owners to reduce
their operating costs by shifting some of the
power requirements for air conditioning to
the night and thus benefit from the lower cost
of off-peak electricity. The viability of indirect
seawater cooling also offers another option
for other coastal developments to use seawater
for cooling applications. The studies on
corrosion control and combating marine
growth will provide useful data for application
in other developments.
It also sets an example in the use of thermal
storage for demand-side management, which
has gained significance with the gradual
deregulation of power supply market in
Singapore. In this new competitive playing
field, power utility prices can be expected to
become more competitive. This innovation will
allow the customer to maintain flexibility and
react to the widening gap between peak and
off-peak power tariffs. In developed countries
such as Japan, the peak and off-peak
differentiation is about 80 percent.
Though now a niche application for Changi
Naval Base (CNB), this fledging technological
innovation can be expected to gain further
acceptance and benefits in the new energy
market. The successful implementation of this
innovation in Singapore will encourage
developers from other countries to give due
consideration to this option. There is strong
potential to adapt this innovation in other
coastal developments.
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APPROACHES IN
MAKING A DIFFERENCE
DSTA was able to achieve this innovation
through its comprehensive understanding of
the technological trends and developments in
the building industry and the creative
application of the appropriate technologies.
In developing this project, DSTA collaborated
with experts and researchers from our tertiary
institutions and local research agencies. The
scope of collaboration included research in
corrosion and marine growth controls for the
seawater circuit (Teo, Ng, Chang, Ng & Ng,
2000), computer simulation study on the
performance of the proposed on-demand
district cooling system (condenser water
network) (Toh, Wong, Ng & Han, 2000) and
performance study on thermal storage
(Wijeysundera & Lee, 1997). Computerised
engineering and simulation tools were used
to evaluate the various design options before
deciding on the optimum implementation.
Leveraging external expertise has improved
the quality of the design and pushed the limits
of energy efficiency to a higher level.

CONCLUSION
In summary, the proximity of the CNB to the
sea presented the opportunity to use seawater
optimally. Although it presented difficulties in
terms of corrosion and bio-fouling, the
challenges were overcome with careful
engineering and extensive studies with experts
and researchers from local universities and
research agencies. The CNB was able to benefit
from better energy efficiency through a watercooled system that does not consume fresh
water. The system continues to save a significant
amount of fresh water annually as compared
to a conventional water-cooled system.

The use of thermal (ice) storage, which
favoured demand-side energy management
has allowed us to maintain flexibility and react
to the widening gap between peak and offpeak power tariffs. The unique combination
of the indirect seawater cooling, thermal (ice)
storage systems and hydronic optimisation
makes this entire cooling system a cost-effective
and viable solution for the requirements of
the CNB.
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