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Summary 
 

The cost of electricity is very high in most of the Pacific Island Countries. Also, being 

tropical countries, they require a considerable amount of energy to condition hot and 

humid climate conditions to the required human comfort conditions. Increase in the 

number of buildings with development makes it necessary to find new air conditioning 

techniques. 

Seawater air-conditioning (SWAC) is a relatively new concept that utilizes water from the 

deep ocean where the temperature is considerably lower (typically 4-7oC) to provide 

cooling to buildings. Moreover, deep seawater has vast minerals and resources that can be 

used for aquaculture, desalination, and energy production.  

This project focuses on feasibility study and design of a seawater air-conditioning system 
for USP Tuvalu campus. 

The first phase of the project included a feasibility check to see if the necessary resources 

are available, which included the measurement of seawater temperature at different 

depths, estimation of the total air-conditioning load for the USP Tuvalu campus using 

CAMEL software, and sizing the major components of the system. 

The second phase of the project included sizing the chilled water loop components for lab 

testing of a scaled-down model of the campus, the calculation of ductwork and the air 

handling unit, dimensional analysis of model and construction and testing of the model and 

its cooling, and finally a study of the economic viability of seawater air conditioning of the 
USP Tuvalu Campus. 

  



iv 
 

List of Figures 

Figure 1: Steps undertaken to complete this project. ............................................................................. 9 

Figure 2: Project tab for user-defined general project details. ........................................................ 11 

Figure 3: General AHU tab showing all the sections which required information input. ...... 12 

Figure 4: Primary plant results tab. ............................................................................................................ 12 

Figure 5: Layout of the recommended SWAC system .......................................................................... 13 

Figure 6: Temperature variation of seawater with depth in Tuvalu. ............................................ 14 

Figure 7: Duct route on the campus plan. ................................................................................................. 18 

Figure 8: Snapshot from CAMEL showing total air supply required per room. ........................ 19 

Figure 9: Proposed seawater pipeline. ...................................................................................................... 22 

Figure 10:  The layout of the building frame. .......................................................................................... 26 

Figure 11: Base of the building model with wall studs attached. .................................................... 27 

Figure 12: Separate structures with roofings. ........................................................................................ 28 

Figure 13: Model with complete frame work. ......................................................................................... 28 

Figure 14: Installation of sheet metal. ....................................................................................................... 29 

Figure 15: Installation of ridge caps and V-drains. ............................................................................... 29 

Figure 16: Perspex attached to the frames to seal the model. .......................................................... 30 

Figure 17: The dismantled AHU. .................................................................................................................. 30 

Figure 18: Final assembled AHU. ................................................................................................................. 31 

Figure 19: The Model with complete water circuit............................................................................... 32 

Figure 20: The Location of AHUs and the direction of air flow. ....................................................... 34 

Figure 21: The  Effect of cooling load on the temperature inside the building.......................... 34 

Figure 22: The Effect of cooling load on the time taken for the air temperature to drop to 

22oC. ........................................................................................................................................................................ 35 

Figure 23: The Effect of cooling load on chilled water temperature. ............................................ 36 

  



v 
 

List of Tables 

Table 1: Effect of chilled water temperature difference on the required mass flow rate. ..... 13 

Table 2: Effect of cold seawater temperature difference on the required mass flow rate. ... 14 

Table 3: Effect of internal diameter of pipe on the velocity and pumping power. ................... 15 

Table 4: Pump power required for different internal diameters of pipe. .................................... 22 

Table 5: Purchasing cost of all the components of the SWAC system. .......................................... 37 

Table 6: Electrical cost for the components. ........................................................................................... 38 

Table 7: Capital and running cost of the chiller AC system. .............................................................. 39 

Table 8: Running and Capital cost for conventional split type air-conditioning system. ...... 40 

Table 9: Emission reductions ........................................................................................................................ 41 

  



vi 
 

Nomenclature 

AHU – Air Handling Unit 

SWAC – Sea Water Air-Conditioning 

USP – The University of the South Pacific 

TOR – Ton of Refrigeration 

kW – kiloWatt 

HVAC – Heating, Ventilation and Air-Conditioning 

PLC – Programmable Logic Controller 

TRNSYS – Transient System Simulation Tool 

BMS – Building Management System 

DCS – District Cooling System 

AC – Air-Conditioning 

ΔT – Change in Temperature 

S/A – Supply Air 

 



1 
 

Table of Contents 

 
Summary ................................................................................................................................................. iii 

List of Figures ........................................................................................................................................ iv 

List of Tables ............................................................................................................................................ v 

Nomenclature ........................................................................................................................................ vi 

1.0 Introduction ............................................................................................................................ 4 

2.0 Objectives ................................................................................................................................. 6 

3.0 Literature Review ................................................................................................................. 7 

3.1 Technical and Economic Assessment of Seawater Air Conditioning in Hotels ........... 7 

3.2 Sea Water Air Conditioning [SWAC]; A Cost Effective Alternative ................................... 7 

3.3 Study of Water Cooling Schemes for Commercial Air-Conditioning Applications ..... 8 

4.0 Methodology ........................................................................................................................... 9 

5.0 Cooling Load Estimation and System sizing ............................................................... 10 

5.1 Load Calculation using CAMEL .................................................................................................... 10 

5.1.1 CAMEL Software ....................................................................................................................... 10 

5.1.2 Data Collection .......................................................................................................................... 10 

5.1.3 CAMEL Project Screens .......................................................................................................... 10 

5.1.4 CAMEL AHU Screens ............................................................................................................... 11 

5.1.5 View Screen ................................................................................................................................ 12 

5.1.6 Result ............................................................................................................................................ 12 

5.2 System Sizing Calculations ............................................................................................................ 13 

5.2.1 Energy balance .......................................................................................................................... 13 

5.2.2 Suction pipe ................................................................................................................................ 15 

5.2.3 Heat Exchanger ......................................................................................................................... 16 

5.2.4 Seawater pump ......................................................................................................................... 16 

5.2.5 Air Handling unit and duct work calculations .............................................................. 17 

5.2.6 Volume Flow rate of air ......................................................................................................... 18 

5.2.7 Fan power required ................................................................................................................ 19 



2 
 

5.2.8 Chilled water supply pipe line ............................................................................................ 21 

5.2.9 Chilled water pump ................................................................................................................. 22 

6.0 Dimensional Analysis ........................................................................................................ 24 

6.1 Model scale down ............................................................................................................................. 24 

6.2 Cooling Load scale down ............................................................................................................... 24 

6.3 Pump selection .................................................................................................................................. 24 

7.0 Model Construction ............................................................................................................ 26 

7.1 Materials used .................................................................................................................................... 26 

7.2 AHU Construction ............................................................................................................................. 30 

7.3 Pump Testing ..................................................................................................................................... 31 

7.4 Water circuit ....................................................................................................................................... 31 

8.0 Model Testing ....................................................................................................................... 33 

8.1 Leak testing of the of the pipe works and the AHU coils ................................................... 33 

8.2 Heating the model ............................................................................................................................ 33 

8.3 Positioning of the two AHU’s ....................................................................................................... 33 

8.4 Effect of cooling load on the time to reach 22°C inside the building ............................ 35 

8.5 Conclusions ......................................................................................................................................... 36 

9.0 Economic Analysis .............................................................................................................. 37 

9.1 Initial capital investment ............................................................................................................... 37 

9.2 Running cost ....................................................................................................................................... 38 

9.3 Payback Period .................................................................................................................................. 38 

9.3.1 Scenario 1: Comparison with central water chiller system..................................... 39 

9.3.2 Scenario 2: Comparison with split type AC system .................................................... 39 

10.0 Emission Analysis................................................................................................................ 41 

11.0 Project Budget ............................................................................................................................... 42 

12.0 Conclusions ........................................................................................................................... 43 

14.0 References ............................................................................................................................. 45 

15.0 Appendices ............................................................................................................................ 47 

 



3 
 

 

  



4 
 

1.0 Introduction 
 

There are 328 million cubic miles of seawater covering two thirds of the earth’s surface, 

considered a delicate yet fundamental element of the earth’s ecosystem and are 

substantially vital to sustaining life on the planet [1]. 

Connection between ocean and people has been one of the essential factors in human 

civilization. Among many uses, the oceans provide food to human life, are a source of 

essential minerals, absorb greenhouse gases, generate oxygen, minimize climate change, 

provide means to transport, and influence temperature and weather patterns.  To date, less 

than five percent of the oceans have been explored; however, continuous development in 

tools and techniques has opened new windows to exploring the oceans to a far greater 

extent, enabling discovery of new sources for energy, identification of novel life forms, 

better understanding of humanity’s present and past, and most importantly understanding 

the impact of human activities on the oceans [1]. 

There are five oceans in the world, out of which Pacific Ocean is considered to be the 

largest and the deepest, containing fifty nine million square miles of water [2]. Located 

within the Pacific Ocean between latitudes five degrees and eleven degrees south and 

longitudes hundred seventy six degrees and hundred eighty degrees east, Tuvalu, formerly 

known as Ellice Islands, consists of nine atolls totaling a land area of ten square miles [3]. 

Being one of the smallest countries in the world, Tuvalu has a population of slightly over 

eleven thousand, according to the most recent household survey done by the Secretariat of 

the Pacific Community [3]. 

Tuvalu is facing the threat of a dangerous rise in sea level due to climate change. As 

predicted by the National Research Council, the global sea level would rise by fifty five 

inches by the end of the year 2100 which would greatly cause damage to the country’s 

coral roots wiping out the entire country [4]. This makes it absolutely necessary for people 

of Tuvalu to engage in utilization of green and renewable energy sources. Engagement to 

green sources by such a small nation would not only help in minimizing damage to the 

ozone layer but would also set example for other nations around the world. Surrounded by 

the Ocean, Tuvalu has the possibility to explore, reach and extract minerals and resources 

for a variety of uses. 

One of the unique and essential properties of oceans is that as the depth increases the 

water gets cooler. According to Arnold Gordon, the temperature of water at a depth of one 

thousand meters varies typically from one to five degrees Celsius [5]. 

The University of the South Pacific can play its part in helping minimize the damages 

caused to the ozone layer by utilizing renewable energy sources such as solar, waves and 
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wind. One of the ways to support this initiative is to commence the use of deep sea cold 

water to air condition the Campuses of the University. 

A seawater air conditioning (SWAC) system utilizes a water pump to suck water from deep 

sea for cooling. Seawater is pumped inland and circulated through a heat exchanger. The 

heat exchanger has another loop of fresh water circulating through it as well. Upon arriving 

to the heat exchanger the seawater gains heat from the fresh water and is discharged to the 

ocean at a lesser depth. Upon giving off heat to the seawater, the fresh water becomes cool 

and is passed to the Air Handling Units (AHU) installed in the buildings. The AHU contains a 

fan coil unit which operates similar to the internal unit of a conventional air conditioning 

unit. The fan draws air past the coils and fins of the unit where heat from the air is 

transferred to the water inside the coil, in turn making the air cool. This air is than supplied 

to the building and the cycle continues. 

  



6 
 

2.0 Objectives 
 

o To check the feasibility of implementing a SWAC system in Tuvalu. 

o Estimation of the total cooling load for the USP Tuvalu campus using CAMEL 

software. 

o Determine the sea depth at which sea water is cold enough for sufficient 

cooling applications. 

o To choose a suitable SWAC system for the cooling of the above-mentioned 

campus. 

o Use of dimensional analysis to scale down the necessary components for 

modelling. 

o To construct a scaled-down model of the campus and construct it in the 

Mechanical Engineering Laboratory of USP. 

o To estimate the sizing requirements for all the components of the SWAC 

system. 
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3.0 Literature Review 

Some of the highly relevant papers published in this area are discussed here. 

3.1 Technical and Economic Assessment of Seawater Air Conditioning 

in Hotels 
 

This article discusses the technical and economic aspects of seawater air 

conditioning for large buildings such as hotels located adjacent to the ocean having 

cooling loads greater than 1,000 TOR. Comparison was made between three 

different cooling systems which include a vapor compression chiller system, a 

seawater air conditioning system and a seawater air conditioning system integrated 

with a chiller system. Thorough research was done on all of the systems and a 

methodology to compare all the systems was generated. Firstly, the cooling load for 

a space was calculated, after which appropriate mathematical expressions were 

used to calculate the number of components that would be required in each of the 

systems. Power consumption for each of the systems was tabulated and 

comparisons made. Finally, an economic assessment was done for a direct seawater 

air conditioning system and a seawater air conditioning system with chillers. The 

payback period for both the systems was calculated and comparison was made. The 

paper stated that seawater air conditioning is one of the emerging techniques which 

provides cooling effect comparable to conventional cooling methods and reduces 

use of fossil fuel. It also states that conventional systems would consume 3,500 kW 

of energy whereas hybrid systems would use 1,800 kW and direct seawater air 

conditioning systems would only use 400 kW energy for the same cooling load. For 

the economic assessment, the paper stated that the seawater air conditioning 

systems would require an initial capital investment of USD 245 million whereas 

hybrid system would require USD 76 million and a conventional system would 

require only USD 20 million. The paper concluded that seawater air conditioning 

enables reductions in power consumption and greenhouse gas emissions and that 

direct systems can be used for buildings located on the beaches, whereas hybrid 

systems can be installed in buildings on the beaches as well as buildings near the 

coast where sea water can be pumped [6]. 

3.2 Sea Water Air Conditioning [SWAC]; A Cost Effective Alternative 
 

The paper reports the results obtained from economical and technical assessment of 

the use of seawater air conditioning (SWAC) systems over conventional vapor 

compression refrigeration systems. The paper states that the ocean contains an 

enormous amount of natural resources which can be utilized for agriculture, 

aquaculture, desalination, and energy production and cooling. The paper states that 

deep seawater, being cold, makes it economically viable to be used in air 
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conditioning through a SWAC system. The paper presents a case study on a resort 

called “Sahl-Hasheesh”, located 18 km south of Hurghada in Egypt. A HVAC Load 

explorer program was used to calculate the cooling load for the hotel. Site maps 

along with Bathymetry charts were then used to design a pipeline schematic for 

seawater suction. Appropriate mathematical expressions were then used to size all 

the necessary components for the system. Numerical programs were then used to 

determine the optimum seawater piping network considering the capital 

expenditure, electricity usage for suction, and head loss. An economic analysis using 

simple payback method and net present value technique was also done to calculate 

the payback period for the SWAC system. Finally, an economic assessment was also 

done on a hybrid system which would include a SWAC system integrated with 

auxiliary chillers. The auxiliary chillers would be controlled by a programmable 

logic controller (PLC) and would only operate if the SWAC system fails to provide 

adequate cooling. The paper concluded that a SWAC system is feasible for cooling 

loads exceeding 5,000 TOR, hence appropriate for “Sahl-Hasheesh” [7]. 

3.3 Study of Water Cooling Schemes for Commercial Air-Conditioning 

Applications 
 

This paper reviews the performance of an evaporative air conditioning system 

operating under the weather conditions of Hong Kong and the economic impact of 

modifying an existing evaporative air conditioning unit to a fresh water cooling 

tower system in a commercial building. The paper also sheds light on 

implementation of seawater district cooling schemes. Firstly, the necessary data for 

one year for an existing building were used to simulate operation of an evaporative 

air conditioning system using TRNSYS program. Necessary data from a Building 

Management System (BMS), which records operation data for air conditioning 

systems, were used to simulate electricity consumption for all the plants. All of this 

data were then used with appropriate mathematical expressions to calculate the life 

cycle cost and the payback period. Finally, the paper outlines the necessary process 

path for implementation of a district cooling system (DCS) which includes grouping 

nearby buildings together, calculating the total load for individual districts through 

the use of cooling load simulation tools such as CARRIER software, and using 

appropriate mathematical expressions to size necessary components. The paper 

also states that air conditioning in commercial buildings consumes 50-60% of the 

total electrical load, hence it is absolutely necessary to consider application of 

water-cooled technologies. The paper concludes that modification of an existing air-

cooled air conditioning system to water-cooled AC system is technically as well as 

economically practical.  [8]. 
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4.0 Methodology 
Figure 1 shows the flow chart of the methodology undertaken to complete this project. The 

feasibility study, load calculation and system sizing were completed in the first phase while 

system scaling, seawater temperature measurement, model construction, testing, and 

economic analysis were completed in the second phase, and details of each are provided in 

sections 6.0, 7.0, 8.0, and 9.0 of this report. 

 

Figure 1: Steps undertaken to complete this project. 

  

Feasibility
Study

•Acquiring necessary data which includes a Bathymetry chart for Tuvalu and building site plan.
•Using the data obtained to check if the building is reasonably close to the ocean and availability of 

cold water at reasonable depth. 
•Measurement of seawater temperature at different depths using a CTD probe.

Cooling Load 
Calculations

•Acquiring necessary data which includes building blueprints and the climatic weather condition 
chart for Tuvalu.

•Using CAMEL load calculation software to calculate the total cooling load for the campus.

System

Sizing

•Using the appropriate mathematical models and the cooling load to size necessary components for 
the seawater air-conditioning system for USP Tuvalu campus.

System 
Scaling

•Using an appropriate scaling ratio to scale down the building dimensions to a suitable size for 
construction at the Mechancial Engineering Workshop.

•Using dimensional analysis to scale down the ready-sized components to model size.
•Scaling down the cooling load to the model size.

Model 
Construction

•Construction of a fully operational system according to the dimensions obtained in system scaling.

Testing

•Applying the scaled down load to the model and testing the model for functionality.

Economic 
Analysis

•Conducting an economic analysis to determine if a seawater air-conditioning system can be 
implemented.
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5.0 Cooling Load Estimation and System Sizing 
 

This chapter presents the first phase of the project. The work in the first phase included 

thorough research on SWAC systems and their components. After research, the next phase 

of the project was data collection. Necessary project data such as the Bathymetry chart for 

Tuvalu, building blue-prints, and weather data for Tuvalu were collected. The seawater 

temperatures at different depths were measured using a CTD probe. After successful data 

collection, the load calculation software, CAMEL, was used to calculate the total cooling 

load for USP Tuvalu Campus. Finally, appropriate mathematical expressions along with the 

calculated cooling load were used to size the major components of a SWAC system for USP 

Tuvalu Campus.  

5.1  Load Calculation using CAMEL 
For calculation of the total cooling load for the campus the following steps were 

followed: 

5.1.1 CAMEL Software 

The CAMEL software allows cooling load calculation when all the geometric 

details and year-round ambient conditions are fed in to it. 

5.1.2 Data Collection 

Data collection involved obtaining the following: 

o Building Blue-print – These contained necessary details and 

dimensions for the building which were to be fed in to the program. 

Later, the actual measurements of the dimensions were performed 

during the visit to Tuvalu. 

o Google map – To identify the building’s north direction since it was 

not available on the floor plan. 

o Weather chart for Tuvalu – To input climatic design conditions for 

Tuvalu. 

5.1.3  CAMEL Project Screens 

 

CAMEL Program contains two series of tabs which require data input. The 

Project tab has a total of six screens in it which require general project 

information and information which could be cross-referenced while 

inputting data for individual zones in the AHU screen tabs. All the necessary 

details in the project screen were fed in according to the data obtained. 

Figure 2 shows details of one of the tab’s in-project screens. 
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Figure 2: Project tab for user-defined general project details. 

 

5.1.4 CAMEL AHU Screens 

 

Since the building contains a total of eight rooms which require cooling, each 

air handling unit was dedicated to one room so that individual rooms would 

have their own control system, since some rooms would require cooling for 

only certain hours whereas rooms like the satellite room and the computer 

lab may require longer cooling hours. Details for each room were filled in the 

individual AHU tab and necessary information from the project screen tabs 

were cross referenced. Figure 3 shows details of all the AHU tabs that 

required information input. 
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Figure 3: General AHU tab showing all the sections which required information input. 

5.1.5 View Screen 

 

The view screen shows details of the results from the program. After 

validation of all the details, the program was run and the total cooling load 

for the building was estimated.  The primary plant results tab, given below as 

Figure 4, show the total cooling load for the building. Details for individual 

AHU units were also available on the view screens which include the 

breakdown of loads – for example, the total sensible and latent heat that will 

be generated in each room along with details of load due to people giving-off 

heat, external heat, and the heat from equipment and lighting. Graphs for the 

entire plant were also available on the view screen which showed the grand 

total heat versus time plot.  

 

Figure 4: Primary plant results tab. 

5.1.6 Result 

The total cooling load was estimated to be 117 kW, as can be seen from the 

Fig. 4.  
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5.2  System Sizing Calculations 

Once the total cooling load of the USP Tuvalu campus was calculated, a safety factor 

of 12% was applied, which was rounded off to 132 kW. All the components sized 

hereafter take into consideration this new load. A simple SWAC system, shown in 

Figure 45, having a seawater pump, a heat exchanger, and a chilled water pump was 

selected for the campus.  

 

Figure 5: Layout of the recommended SWAC system 

5.2.1 Energy balance  

There were two energy balances that were applied. Firstly an energy balance 

was done between the chilled water supply and the total cooling load of the 

building. Then an energy balance was done between the chilled water supply 

and seawater supply in the heat exchanger. The purpose of doing these 

energy balances was to calculate the mass flow rate of each of the supply 

pipelines. Since the heat transfer equations aside from the mass flow rate 

variable contained another variable, which was the temperature difference 

before and after heat absorption, different scenarios were considered where 

the temperature difference was altered and its effect on mass flow rate was 

seen. 

 

Table 1: Effect of chilled water temperature difference on the required mass flow rate. 

 

In Table 1, the temperature of chilled water entering the heat exchanger is 

the same for all scenarios since it is assumed that the chilled water 

C.W inlet (°C) C.W outlet (°C) ∆ T mass flow (kg/s) volume flow (m3/hr)

16 14 2 15.76307619 56.74707428

16 13 3 10.50871746 37.83138285

16 12 4 7.881538094 28.37353714

16 11 5 6.305230475 22.69882971

16 10 6 5.254358729 18.91569143

16 9 7 4.503736054 16.21344979
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temperature would be at 16°C while leaving the building (re-entering the 

heat exchanger). 

Table 2: Effect of cold seawater temperature difference on the required mass flow rate. 

 

In Table 2 above, the temperature of seawater entering the heat exchanger is 

deemed constant at 7°C since the pumping depth is 800 m where 

temperature of seawater is around 6°C with an allowance of 1°C for the 

temperature rise as a result of friction in the pipe and heat gain from the 

surrounding water. Figure 4 shows the temperature variation of seawater 

with depth from the CTD measurements that were performed in Tuvalu in 

December 2017 – about 1.5 km from the shore. The temperature drop is 

higher compared to that reported in ref.  [9]. 

 

Figure 6: Temperature variation of seawater with depth in Tuvalu. 

To choose the optimum scenarios for both loops, a corrugated plate heat 

exchanger or a shell-and tube heat exchanger can be used for maximum heat 

transfer. Option 5 from Table 1 was selected for chilled water loop where the 

temperature of the water entering the heat exchanger is 16°C and the exiting 

S.W inlet (°C)S.W outlet (°C) ∆ T mass flow (kg/s)volume flow (m3/hr)

7 8 1 34.28571429 120.4181185

7 9 2 17.14285714 60.20905923

7 10 3 11.42857143 40.13937282

7 11 4 8.571428571 30.10452962

7 12 5 6.857142857 24.08362369

7 13 6 5.714285714 20.06968641
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temperature is 10°C. For the seawater loop, Option 3 from Table 2 was 

selected with an inlet temperature of 7°C and an outlet temperature of 10°C. 

It is assumed that the chilled water would reach equilibrium with the 

seawater before exiting the heat exchanger. Also the settings selected allow 

the flow rate to be minimized, therefore low suction pumping power is 

required. 

5.2.2 Suction pipe 

 

The length of the seawater suction pipe required was approximated by the 

Pythagoras theorem where the depth from which the seawater was to be 

pumped was 800 m. The horizontal distance from shore to where the depth 

reached the required depth was found from the bathymetry chart to be 1.5 

km. Therefore the total length of suction pipe required was approximately 

1.7 km which was taken as 2,000 m, keeping allowance for any possible 

obstacles from the cold water inlet to the SWAC system. 

Since the volume flow rate of the seawater required is calculated in the 

section 5.2.1, the average velocity of the seawater inside the pipe can be 

found. Another variable which influences the velocity of the fluid is the cross-

sectional area of the pipe. Since the velocity of water inside the pipe was to 

be maintained below 2.4 m/s to reduce heat gain due to frictional effects, 

multiple pipe diameters were selected and their influence on velocity of 

seawater was seen. 

Table 3: Effect of internal diameter of pipe on the velocity and pumping power. 

 

In Table 3, the diameters listed are from a catalogue by Fabco Plastics which 

is available in Appendix 1. It can be seen that all the pipes listed can be used 

since the velocity is under 2.4 m/s. An interesting phenomenon which can be 

seen is that as the pipe diameter is increased linearly, the pumping power 

decreased. Note that the pumping power listed here is due to friction head 

8 8.062 1.4415727 63507.97311 0.01777 465528.1695 45.417 0.103907 45.521289 5722.67633

10 10.049 0.92784716 50950.47061 0.018618 162103.0931 15.815 0.043045 15.857981 1993.57475

12 11.918 0.65965274 42960.33556 0.019309 71649.86625 6.9902 0.021757 7.0119879 881.507055

13 12.503 0.59936817 40950.27427 0.0195104 56972.79481 5.5583 0.017962 5.5762836 701.018504

14 13.087 0.54706878 39122.89136 0.0197045 45797.04051 4.468 0.014964 4.4829682 563.573141

16 14.956 0.41888154 34233.83787 0.0202885 24190.51776 2.3601 0.008773 2.3688236 297.794967

18 16.826 0.33094846 30429.17385 0.0208248 13776.81806 1.3441 0.005476 1.3495562 169.658488

20 18.695 0.26808419 27387.0703 0.0213219 8330.499864 0.8127 0.003593 0.8163252 102.623733

22 20.565 0.22154641 24896.7313 0.0217867 5284.700639 0.5156 0.002454 0.5180347 65.1243611

24 22.434 0.18616957 22822.55858 0.0222237 3489.436464 0.3404 0.001733 0.3421658 43.0151268

Nominal 

size

Internal 

diameter (cm)

Velocity 

(m/s)

Reynolds 

Number (Re)

Darcy's friction 

factor (f)

Pressure in 

pipe (pa)

Head 

(m)

Velocity 

head (m)

Total head 

(m)

Pump 

power (W)
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and velocity head, but the total pumping power would include the density 

and the losses in the heat exchanger and will be discussed in the following 

sections. To keep both the capital cost of the pipe and the pump low, as well 

as the running cost of the pump i.e. power consumption, the size of pipe 

chosen had a nominal diameter of 10. 

5.2.3 Heat Exchanger 

The heat exchanger is chosen before the seawater pump, so the pressure loss 

in the heat exchanger can be accommodated in the calculations for the pump.  

Ideally, in the heat exchanger, the heat gained by the cold fluid is equal to the 

heat lost by the cold fluid, but this not the case in reality, therefore an 

average heat transfer was calculated which came to be 132 kW. 

Two suppliers of heat exchangers, WEIFENG JIJANTI FACTORY (for shell and 

tube heat exchanger), and TIANJIN BOTAI HEAT-EXCHANGER EQUIPMENT 

CO. LTD. (for plate type heat exchanger) were contacted and a detailed list of 

specifications was sent. The suppliers sent quotations and the details of the 

heat exchangers with the drawings, that are provided in Appendix 2 and 

Appendix 3. The maximum pressure loss is 0.1 bar. 

5.2.4 Seawater pump 

 

To calculate the seawater pumping power, the determination of the total 

head required is essential. The total head required is the sum of the friction 

head, velocity head, density head, elevation head, and the head loss in the 

heat exchanger. Since the friction head and velocity head have been 

calculated earlier, only the other three heads need to be calculated. Since the 

elevation of the heat exchanger above sea level is 3 m, this would be the 

elevation head. The head loss in the heat exchanger is 0.1 bar which converts 

to a head of approximately 1m. The head loss in the cold deep sea water pipe 

can be calculated using the formula: 

𝛿 =
𝜎𝐶𝑊𝐷−∫ 𝜎(𝑧)𝑑𝑧

𝐷
0

1000+𝜎𝐶𝑊
             (1) 

where: 

o 𝜎𝐶𝑊 is the density of seawater at suction depth 

o 𝐷 is the suction depth 
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o ∫ 𝜎(𝑧)𝑑𝑧
𝐷

0
 is the integration of the density of seawater variation with 

respect to depth from sea level=0 to depth D 

This results in a density head of about 1m.  

Therefore the total head required to overcome by the pump is around 25 m, 

which results in a pumping power requirement of 6 kW with an assumed 

efficiency of 60%. 

5.2.5 Air Handling unit and duct work calculations  

This section contains the necessary information required to size the air 

handling unit and the ducts that would carry the cold air to the space to be 

cooled as well as carry the return air back to the AHU. 

Firstly, a suitable location was selected to place the AHU outside the building 

of the USP Tuvalu campus, and then the duct schematic was drawn over the 

blueprint of the building, ensuring that a duct outlet was given at each of the 

eight rooms that require cooling. Also, it was ensured that a return duct 

outlet was present at each of the rooms. Figure 7 shows the designed 

ductwork for the campus. The blue lines indicate the supply line and the red 

lines indicate the return lines. 
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Figure 7: Duct route on the campus plan. 

In the design process of the duct lines, it was ensured that minimum bends 

are used to minimize pressure losses. The AHU is placed in the chosen 

location so that air can be circulated to both halves of the building 

simultaneously rather than the air entering each room from one side. 

Once the design was finalized, the total length of the duct was determined. 

The total supply line length was calculated to be 70 m while the total return 

line length was calculated to be 75 m. 

 

5.2.6 Volume Flow rate of air 

 

The volume flow rate of air required depends on the cooling load per room. 

This data was acquired from the CAMEL software. Figure 8 shows the total 

supply air required by the rooms. The duct has to handle both supply air 

(S/A) and outside air. The total supply air is 3,326 l/s, which converts to 

approximately 12,000 m3/hr. 
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Figure 8: Snapshot from CAMEL showing total air supply required per room. 

The velocity of the air inside the ducts also has to be maintained at specific 

levels. For the flow rate mentioned above, the appropriate velocity of air is 

around 7 m/s [10], the selection table is available in Appendix 4. From the 

flow rate and the recommended velocity the area of the duct was calculated 

to be 0.476 m2, which gave the diameter of the duct to be 0.8 m. This is the 

size of the duct exiting the AHU. Since the duct is split in two directions, 

separate flow rate was calculated in each direction and the duct diameter 

was reduced. 

The flow rate required for the right side of the building was 7,000 m3/hr. 

whereas for the left side of the building it was 5,000 m3/hr. The required 

diameters of the ducts were 0.6 m and 0.5 m respectively. After the reduction 

at the T-junction at the exit of the AHU, the duct diameter was kept constant 

for simplicity in calculations. 

5.2.7 Fan power required 

The fan power required inside the AHU can approximated using the equation  

[10]: 

𝑃𝑓𝑎𝑛 = ∆𝑃 × 𝑄                                    (2) 

where: 

o 𝑃𝑓𝑎𝑛 is the fan power in Watts 

o ∆𝑃 is the pressure loss to be overcome by fan 

o 𝑄 is the flowrate of air through the pump 

 

Since the flow rate is already determined in the earlier section, the only other 

requirement is the estimation of the total pressure loss. 
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The total pressure loss in the duct system can be categorized into two 

components: major losses and minor losses. The major losses are primarily 

due to friction, while the minor losses are due to the components installed 

(e.g. 90° bends and T junctions). 

To calculate the friction losses in the duct, the following formula was used  

[11]: 

∆𝑃𝐿 = 𝑓
𝐿

𝐷

𝜌𝑉2

2
                                                             (3) 

where 

o ∆𝑃𝐿 is the pressure loss inside the duct 

o 𝐿 is the total length of duct 

o 𝑓 is the Darcy’s Friction factor 

o 𝐷 is the internal diameter of the duct 

o 𝜌 is the density of air 

o 𝑉 is the velocity of air in the duct 

 

This is the same equation which was used to calculate the pressure loss in 

the pipes sized in the previous sections.   The length of the duct was taken as 

the full length of supply and return ducts which totalled 145 m.  

Since the friction factor is also required by the pressure loss equation, the 

Reynolds number was calculated to be 324,288.6, considering the kinematic 

viscosity of air as 15.11x10-6 m2/s at an average temperature (inside the 

ducts) of 20°C. The material which was chosen for duct construction was 

standard galvanized sheet metal; hence its relative roughness was used to 

find the friction factor, which came to 0.0162.  

Finally, the pressure loss in the pipe was calculated to be 74.6 Pa. The 

pressure loss is low since the density of the air is much lower compared to 

the seawater. 

To calculate the pressure loss due to minor losses, the following formula was 
used  [11]: 

                                                                         ∆𝑃𝐿 =
𝜌𝑉2

2
∑ 𝐾𝑟                                                                (4) 

where: 

∑ 𝐾𝑟 is the loss due to components present 
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In the design of the duct in Figure 7, there are ten 90° elbows present, four T-

junctions, and two contractions in the supply duct and two enlargements in 

the return duct. The loss coefficients were selected from a standard text book 

and are presented in Appendix 5 and Appendix 6. 

The total Kr value was calculated to be 6.22 which resulted in a pressure loss 

of 183.63 Pa. 

The total of both pressure losses came to be 260 Pa; this, multiplied with the 

max flow rate inside the ducts of 12,000 m3/hr (which converts to 3.33 

m3/s), resulted in a total fan power of 0.9 kW.  

Therefore an AHU needs to be selected which can supply 3.33 m3/s of air 

with a total fan power of 0.9 kW or greater. 

5.2.8 Chilled water supply pipe line 

 

The pumping station is located near the shore but the building to be cooled is 

located about 80 m from the shore therefore the chilled water needs to be 

pumped from the shore to the AHU near the building.  Figure 9 shows the 

proposed chilled water pipe lines. It was ensured that the pipe lines do not 

interfere with any of the existing buildings. The blue line indicates the supply 

of chilled water while the red line indicates the return. With the scale given 

in the bottom right hand corner it can be estimated that a total of 100 m of 

supply and 100 m of return pipe line is required. Since the water is cold, to 

prevent heat gain proper insulation would be needed. A more preferable way 

is to keep the supply pipe line underground. 
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 Figure 9: Proposed seawater pipeline.  

5.2.9 Chilled water pump 

 

To size the chilled water pump, similar steps to those which were used to 

calculate the seawater pumping power could be used.  The total head 

required would include the friction head, head loss in the heat exchanger, 

head loss in the AHU coils, and the velocity head. Table 4 shows the 

relationship between the pump power and the internal diameter of pipe. The 

overall efficiency of the pump was taken as 60%. 

Table 4: Pump power required for different internal diameters of pipe. 

 

The 3” pipe is chosen for supplying the chilled cold water to the AHU, since it 

gives a reasonably high velocity head without requiring a very high pumping 

power. 

The head loss in the heat exchanger was calculated in the previous section to 

be 1 m. The head loss in the AHU coils depends on a lot of parameters which 

include: 

o The number of coils 

2 5.25 2.66995485 140172.6295 0.0167834 113945.8415 11.395 0.356433 11.751017 1160.27378

3 7.729 1.23190129 95213.65051 0.0181747 17842.91334 1.7843 0.075879 1.8601704 183.669796

4 10.24 0.70181494 71865.85008 0.0192942 4640.257107 0.464 0.024627 0.4886529 48.2486893

5 12.82 0.44776122 57402.9879 0.0202615 1584.333188 0.1584 0.010025 0.1684578 16.6332152

6 15.41 0.30989691 47755.11388 0.0211065 657.6852171 0.0658 0.004802 0.0705703 6.96798403

Head 

(m)

Velocity 

head (m)

Total head 

(m)

Pump 

power (W)

Nominal 

size

Internal 

diameter (cm)

Velocity 

(m/s)

Reynolds 

Number (Re)

Darcy's friction 

factor (f)

Pressure in 

pipe (pa)
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o The length of coil 

o The bend radius 

o The step down from the 3” supply pipe to the copper tubes 

 

Therefore, before the determination of the pressure loss of chilled water in 

the AHU, a suitable AHU needs to be selected. A reputable company, 

SHANDONG GRAD GROUP CO., LTD was contacted and the details of an AHU 

that met the air flow rate and the fan power were obtained along with a 

quotation. The quotation and the specifications of the AHU are provided in 

Appendix 7. Since the details did not include the pressure loss in the coils, 

the supplier was contacted again and the pressure loss details were 

requested. The head loss in the cooling coils was a maximum of 4 m (0.4 

bars). 

Finally, since all the heads were calculated, the total power requirement of 

the chilled water pump was determined to be 1.5 kW.  
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6.0 Dimensional Analysis 
 

Before model construction, dimensional analysis is crucial. Dimensional analysis is done to 

scale all the system components according to the scale to which the model is to be 

constructed.  

For the model construction, only the chilled water loop together with the USP Tuvalu 

campus model were made.  

6.1 Model scale down 
A scale down factor of 10 was chosen to reduce the building size from the original to 

the model i.e. all dimensions of the original building would be divided by 10 and 

these would be the corresponding dimensions on the model. Since the original 

building’s overall length and width were approximately 24m x 24m, the model 

building had overall dimensions of 2.4m x 2.4m. The ceiling height was 2.7 m for the 

original and 0.27 m for the model. 

6.2 Cooling Load scale down 
The cooling load was scaled down using the CAMEL software. All the dimensions of 

the original building entered were reduced by a factor of 10 and the cooling load 

was recalculated. The cooling load for the model came to be 1.17 kW which was one 

hundredth of the original cooling load. 

 

6.3 Pump selection 
The pump for supplying chilled water to the building model was selected off the 

shelf with the smallest power consumption and the lowest cost. The pump power 

was 1 hp (750 W). This pump was of higher specifications than what are required 

for driving the flow in to the building model. Because of the unavailability of the 

correct-sized pump, this pump was used in the project. 

When scaling down from a prototype to a model it is important that the power, 

discharge, and head coefficients of both the model and prototype remain the same. 

These parameters can be calculated using the following relations  [11]: 

𝑃𝑜𝑤𝑒𝑟 𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡 =
𝑃

𝜌𝑁3𝐷5
 

𝐻𝑒𝑎𝑑 𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡 =  
𝑔𝐻𝑚

𝑁2𝐷2
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𝐷𝑖𝑠𝑐ℎ𝑎𝑟𝑔𝑒 𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡 =  
𝑄

𝑁𝐷3
 

 

For the model, the flow rate was measured manually after installation, which was 

found to be 8 L/s  (2.9 m3/hr). At this flow rate, the head is higher than what is 

required to drive the flow through the building model. The performance charts of 

both the pumps are provided in Appendix 8 and Appendix 9. The impeller 

diameters and the rpm of the motors driving the pumps were specified by the 

manufacturer in the specifications of the pump. 
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7.0 Model Construction 
 

After successfully completing the dimensional analysis, the next phase of the project 

involved construction of the building model and the AHU. Since a seawater pump was not 

locally available for testing and demonstration, a single loop system for cooling was used; 

hence the seawater loop was not part of the construction phase. This meant that a single 

pump would be used to supply water to the air handling units hence the heat exchanger 

was not constructed. With the advancement in technology of heat exchangers for OTEC 

applications, the pressure loss in the heat exchanger now requires less than 10% additional 

pumping power. 

7.1  Materials used 
A detailed list of all the parts and materials needed for the construction phase was 

prepared. Local retailers were contacted to obtain quotations of all the parts and 

materials.  

Since 1/10th scale was appropriate for construction, an Excel spreadsheet was 

developed where dimensions of the building which included details such as length 

and width of the building were entered and the spreadsheet gave the scaled down 

values. This minimized the need to regularly refer to the building blueprints for 

dimensions. 

To construct the base of the model, plyboards and 2” x 3” wood were used. 

After completion of base, the structure for the building frame was laid. For building 

frame construction, 25mm x 25mm dressed timber was used since walls were to be 

of Perspex, which would have collapsed if joined on their own. Figure 10 shows the 

structure of the building laid out with the use of 25mm x 25mm timber.  

 

Figure 10:  The layout of the building frame. 
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 After fastening the layout of the building to the base, the next step was to cut and 

join the studs for the wall. Dimensions from the spreadsheet were used to make 

frames of each wall at a time. Figure 11 shows the constructed base of the project 

model along with the wall studs constructed and ready for the structure. 

 

Figure 11: Base of the building model with wall studs attached. 

 

Upon successfully completing the frames for the wall, the next task was to construct 

the structure for the roof. The roofing for the original campus was configured in a 

gabled shape with gable angle of 20 degrees, hence the model was also to be 

constructed as such because the geometry of the roof would have an effect on the 

overall building volume and cooling requirements. Since a gabled roof has a complex 

geometry, the roofing frames were constructed in five separate parts and then 

assembled. Figure 12 shows three of the roofing structures completed and attached 

to the model. 
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Figure 12: Separate structures with roofings. 

Upon completion of the five frames, they were joined to the studs of the wall hence 

completing the frame-work as shown in Figure 13. 

 

Figure 13: Model with complete frame work. 

 

The next phase of the modeling work involved attaching the roofing irons to the 

frames. In order to match the measure of heat transmission through the roof, sheet 

metal was used for roofing. Figure 14 shows installation of the sheet metals to the 

frame. Sheet metal was cut along the length to avoid joints in the middle section of 

the model. 
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Figure 14: Installation of sheet metal. 

 Upon securing the sheet metal to the frame, ridge caps were bent out of sheet 

metals and were secured to the roof. V-drains were also bent out of flat irons and 

were attached to the roof. Figure 15 given below shows how the ridge caps and V-

drains were bent out of sheet metals.  

 

Figure 15: Installation of ridge caps and V-drains. 

Upon completion of the roof work, the next step was to attach the walls to the stud. 

Since the windows for the building were made out of glass and the U-values 

between glass and Perspex were similar, the windows were not constructed 

separately. Hence all the walls were sealed with Perspex. Figure 16 shows the 

building model after attachment of Perspex to the wall frames. Screws were used to 

fasten the Perspex to the frames. 
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Figure 16: Perspex attached to the frames to seal the model. 

Finally, the gaps and edges around the building model were sealed with silicone to 

avoid leakage of air so that effective cooling takes place. 

7.2  AHU Construction 
 

Research on a suitable fan coil unit which would circulate air inside the model as 

well as be an effective heat transfer medium between the cold water and the air was 

conducted. 

A radial fan coil unit similar to the one used in an internal unit of a split type air 

conditioning unit was considered. Due to the unavailability of a small size AHU 

locally, it was decided that a large AHU from a split type unit would be used by 

cutting it to the required size. An old AHU was obtained from the Properties 

department. With the help of the Technicians, the AHU was dismantled. Figure 17 

shows the dismantled AHU. 

 

Figure 17: The dismantled AHU. 
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 After dismantling, it was noted the fan along with the coil could be cut in half to 

make two separate units. Hence the unit was split into two and the housings for 

both the units were made from Perspex and Plyboard. The coil unit contained 

copper tubings running in parallel, hence upon cutting required U-shaped copper 

pipes to be cut and joined to the cut ends to complete the circuit from inlet to outlet. 

Each coil required eight U-shaped copper pipes to be connected to the coil to allow 

the water to flow from inlet to outlet without any leakage. However, the leakage 

from the two coils could not be stopped completely and hence, it was decided to 

search for coils of the required size in the market. Fortunately, two used coils of the 

required size were available with a refrigeration company, which were purchased 

and used for the project. This coil was assembled with the fan and the housing to 

complete the construction of the AHUs. Figure 18 shows the final assembled AHU. 

 

Figure 18: Final assembled AHU. 

7.3  Pump Testing 
 

Upon completion of the model parts, the next phase was to connect the AHUs to the 

pump for water circulation. Prior to this, the functionality of the water pump was 

tested. Appropriate wires and lugs were connected to the pump and the pump was 

mounted on a workbench. A drum was filled with water and the inlet of the pump 

was connected to the drum. The pump required manual priming, after which the 

pump was turned on. Since the maximum suction head for the pump was relatively 

low, the pump was placed at almost the same height as the suction head.  

7.4  Water circuit  
After successfully testing the pump, the AHUs were connected to the water pump 

through which the chilled water would circulate. For this, plastic pipes were used so 

that the AHUs can be moved around within the model during testing. Binding wires 
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were used to firmly tie the pipes to both the AHUs and the pump. Figure 19 shows 

the AHU installed inside the building model along with pipe connections between 

the AHU and the water pump. 

 

Figure 19: The Model with complete water circuit. 
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8.0 Model Testing 
This section discusses how the constructed model was tested for its effectiveness and its 

functionality 

8.1 Leak testing of the of the pipe works and the AHU coils 

The leak test was necessary to find and fix any water leakages. Presence of any 

leakage would cause chilled water loss.  

Initially, since the AHU was made with copper tubes connected by flexible plastic 

pipes, the joints were very weak and after each connection the AHU was immersed 

in water and blown through the inlet pipe to see any bubbles escaping to indicate 

leakage. After fixing the leaks, this was again tested under pressure and then 

attached to the AHUs. 

Once all the flexible plastic pipes were connected from the pump to the AHU and 

vice versa, the pumps were run and if any leaks were present the joints were 

tightened until the model was free of any leaks. 

8.2 Heating the model 

The cooling load calculated for the model in section 6.2 was depicted in the model 

through the use of hot plates. Two 750 W plates at half their rated power were 

placed at each side of the building, which represented a total cooling load of 0.76 

kW. The heat plates were left on until the temperature inside the model stabilized at 

32°C.  

Once it was ascertained that the desired temperature was attainable inside the 

building, further testing commenced. 

8.3 Positioning of the two AHU’s 

The AHUs were positioned as shown in Figure 20  below, with the flow of air as 

indicated by the blue arrows. Initially it was aimed to move the AHUs around the 

building and see the effect of cooling, but since the building need to be sealed off 

prior to testing, it was not advisable to remove the silicon seal and reseal. Therefore 

all the testing was based on this initial configuration. 
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Figure 20: The Location of AHUs and the direction of air flow. 

The load was increased slowly to 2 kW and its effect on the increase in temperature 

inside the building from an ambient of 28°C on that day was observed. Figure 21 shows 

the trend observed. The temperature inside the building was taken after 10 mins the 

load was applied. It can be seen that the temperature inside the building rose to 35oC 

when a load of 2 kW was applied. 

 

Figure 21: The Effect of cooling load on the temperature inside the building. 
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8.4 Effect of cooling load on the time to reach 22°C inside the building  
The time taken for the temperature inside the building to drop to 22°C was 

monitored after the cold water was supplied to cool the building model. As the 

cooling load increased, the time to cool increased exponentially as seen in Figure 22. 

Even through the temperature did not increase by a drastic amount; the amount of 

heat added to the air mass inside the building was large. Therefore the air had to be 

passed through the AHUs multiple times to remove all the heat and to reach the 

desired temperature, hence requiring a greater cooling time. 

 

Figure 22: The Effect of cooling load on the time taken for the air temperature to drop to 
22oC. 

Finally, the effect of chilled water temperature rise once the temperature inside the 

building stabilized at 22°C was seen as a result of load increase (i.e. the temperature 

of chilled water was observed at the different cooling loads shown in Figure 23). The 

inlet temperature of water at the start of the experimentation was constant at 7°C. 

As the cooling load increased, the water heated at a faster rate. At the maximum 

load of 2 kW, the water reached a temperature of 21.5°C, so it can be said the water 

was reaching equilibrium with the air temperature inside the building. Therefore 

the experimentation was stopped here. 
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Figure 23: The Effect of cooling load on chilled water exit temperature. 

8.5 Conclusions 
 

Cooling to the desired level was achieved at a maximum load of 2 kW which is 

almost twice the cooling load estimated by the CAMEL software. At the maximum 

cooling load, the maximum cooling time was 15 mins.  Further cooling at higher 

cooling loads could be achievable if a larger cold water reservoir is used, but is not 

required for the building under consideration. 
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9.0 Economic Analysis 

The economic analysis is a very important part of any renewable energy project and 

determines if a project is economically feasible. This section discusses the total initial 

capital investment required if the USP Tuvalu campus is cooled using cold deep sea water 

and the associated running cost. Finally, it is compared to a conventional central chiller 

system and split type air conditioning system and the payback period for each scenario is 

calculated. 

9.1 Initial capital investment 
There are two types of cost which make up the initial capital investment. One is the 

purchasing of the new components and the other is the installation cost. The 

purchasing cost of the new components includes the shipment cost as well, while 

the installation cost includes labor and the cost of hiring machinery and equipment. 

Many times, the installation job is given to a certain company which brings its own 

machinery and labor and gets the job done, but in this project since work regarding 

different aspects are involved (e.g. ducting and HDPE pipe installation), one 

company may not have the capability to carry out different jobs. The installation 

cost was taken as 8% of the whole project cost. Table 5 shows the purchasing cost of 

all the components of the SWAC system. 

Table 5: Purchasing cost of all the components of the SWAC system. 

  

 

 

 

 

 

 

The quotations where obtained were applied (Appendix 7). The price of the Heat 

Exchanger was taken to be the average of the plate type heat exchanger and shell 

and tube type heat exchanger. The price of the HDPE pipe and effluent pipe includes 

the installation and the excavation cost and it is calculated using the formula  [12]: 

                                                         𝐻𝐷𝑃𝐸 𝑝𝑖𝑝𝑒 𝑐𝑜𝑠𝑡 = 𝑈𝑆𝐷 2850 × 𝐿 × 𝐷1.4                      (8) 

where: 

Component Cost (USD) 

Seawater pump 5,000 
HDPE pipe 300,000 
Heat exchanger 15,000 

chilled water pump 1,000 
AHU 2,500 
Ductwork 5,000 
Effluent pipe 22,000 
Chilled water pipe 2,000 

TOTAL 352,500 
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o 𝐿 is the total length of HDPE pipe 

o D is the nominal diameter of the HDPE pipe 

Therefore the total initial cost of the SWAC system including the 8% installation cost 

is around USD 381,000. 

9.2 Running cost 
The running cost of the project includes two major components: power 

consumption cost and maintenance cost. The power consumption of the system 

includes the electrical demand of the two pumps and the fan power in the air 

handling unit. Table 6 below shows the electrical cost of the components which 

require electricity. The price of electricity in Tuvalu is AUD0.56 which converts to 

USD0.43 (December 2017); this was used to calculate the total electricity cost of 

USD1,137.60 for a month’s operation of the SWAC system. 

Table 6: Electrical cost for the components. 

 

The maintenance cost of the system included a number of components which 

include: 

o Pump servicing 

o Heat exchanger servicing 

o monitoring the condition of HDPE pipes  

o monitoring condition of the chilled water pipelines and leak checks 

o duct inspection 

An estimate of the maintenance cost of the system can be expressed to be USD 500 

per month. Therefore the total running cost of the SWAC system can be 

approximately stated as USD 1,637.60 per month. 

9.3 Payback Period 
To calculate the payback period, the capital investment and the running cost of the 

comparative systems need to be calculated.  

seawater pump 6 1,440 619.2 
chilled water pump 4 960 259.2 
AHU 4 960 259.2 

TOTAL 14 3,360 1,137.6 

power  
consumption/month  

power  
rating (kW) 

cost/month  
(USD) component 
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9.3.1 Scenario 1: Comparison with central water chiller system 

A central water chiller system works similar to a SWAC system, but the cold 

water circulated in the AHU coils is supplied by a chiller. The chiller works on 

a vapor compression refrigeration system (VCRS) where the evaporator 

cools the water only. A shell and tube type system is used where the 

refrigerant flows in the tubes, absorbing heat from the water which flows in 

the shell side. 

A chiller with a 40 TR (ton of refrigeration) capacity was chosen for this 

application from Hong Kong Naser Machinery Co., Ltd.  The quotation and 

specifications of the chiller are available in Appendix 10. The duct and AHU 

would remain the same as for the SWAC system. Table 7 below shows the 

capital and running cost of the chiller AC system. 

Table 7: Capital and running cost of the chiller AC system. 

 

It should be noted that the compressor and pump are parts of the chiller unit 

and their power rating is given in the specifications. 

The payback period can be calculated using the following equation  [13]: 

                                  𝑝𝑎𝑦𝑏𝑎𝑐𝑘 𝑝𝑒𝑟𝑖𝑜𝑑 =  
𝑒𝑥𝑐𝑒𝑠𝑠 𝑖𝑛 𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝑐𝑜𝑠𝑡

𝑠𝑎𝑣𝑖𝑛𝑔𝑠 𝑖𝑛 𝑟𝑢𝑛𝑛𝑖𝑛𝑔 𝑐𝑜𝑠𝑡
=

𝑆𝑊𝐴𝐶𝑖𝑐−𝐶𝐶𝐴𝐶𝑖𝑐

𝐶𝐶𝐴𝐶𝑟𝑐−𝑆𝑊𝐴𝐶𝑟𝑐
    (9) 

where: 

o 𝑆𝑊𝐴𝐶𝑖𝑐 is the initial capital cost of SWAC system 

o 𝐶𝐶𝐴𝐶𝑖𝑐 is the initial capital cost of Central chiller AC system 

o 𝐶𝐶𝐴𝐶𝑟𝑐 is the running cost of the Central chiller AC system per month 

o 𝑆𝑊𝐴𝐶𝑟𝑐 is the running cost of the SWAC system per month 

 

This results in a payback period of 12.67 yrs. 

9.3.2 Scenario 2: Comparison with split type AC system 

To estimate the costs associated with this system, firstly the cooling capacity 

of the split type system was estimated for each room based on the cooling 

load since all split type AC units do not have the same cooling capacity. The 

Component Cost component power rating (kW) kWh/mnth cost/mnth (USD)

Chiller 15000 chiller 30 7200 3096

Ductwork 5000 AHU 4 960 412.8

AHU 2500 maintenance 300

TOTAL 22500 3808.8TOTAL

Capital Cost running cost 
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cooling load for each room was extracted from CAMEL as shown in Figure 8. 

Since the cooling capacities of AC units are normally given in BTU/hr, the 

cooling load was converted to these units. Then the catalogues of the AC unit 

sellers were seen for the typical capacities of AC units and the number of 

units which would meet the cooling load was estimated. The catalogues are 

present in Appendix 11. Since the large BTU/hr (30000) AC machine was 

not present in the first catalogue a second catalogue was looked up and its 

details are also mentioned in the Appendix 12. 

Once the suitable AC units were found, the power consumption of each of the 

unit was listed and its running hours were determined to calculate the total 

electrical cost of the system. Also, the price per unit was extracted from the 

relevant sources and the initial capital cost was calculated. All of the details 

are listed in Table 8 below. 

Table 8: Running and Capital cost for conventional split type air-conditioning system. 

 

The maintenance cost of the system is estimated to USD100 per unit per 

month, which includes inspection and cleaning of the AC units. Since the total 

number of units is 16 it accumulates a total of USD1,600 per month in 

maintenance. Therefore the total running cost is approximately USD4,700 

per month. 

The payback period can be calculated similar to Scenario 2, with the initial 

capital cost of the system to be USD33,800. This results in a payback period 

of 8.63 years. 

 

 

 

 

 

1 29.9 102023.0458 30000 3 3.25 9.75 2500 7500 8 78 2340 631.8

2 6.02 20541.09484 30000 1 3.25 3.25 2500 2500 8 26 780 210.6

3 1.41 4811.12022 7000 1 0.76 0.76 800 800 8 6.08 182.4 49.248

4 19.9 67901.6258 30000 2 3.25 6.5 2500 5000 8 52 1560 421.2

5 10.3 35145.0626 18000 2 1.82 3.64 1750 3500 24 87.36 2620.8 707.616

6 6.54 22315.40868 12000 2 1.29 2.58 1500 3000 8 20.64 619.2 167.184

7 2.88 9826.96896 12000 1 1.29 1.29 1500 1500 8 10.32 309.6 83.592

8 34.2 116695.2564 30000 4 3.25 13 2500 10000 8 104 3120 842.4

TOTAL 111.15 379259.5833 16 40.77 33800 384.4 11532 3113.64

kWh/day kWh/mnth

electricity 

cost/mnth

consumption 

of unit (kW)

total consumption 

(kW)

price/unit 

(USD)

total price 

(USD)

hours of 

operation

Room 

Number

cooling 

required (kW)

Cooling required 

(Btu/hr)

capacity of unit 

(BTU/hr)

qty of units 

required
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10.0 Emission Analysis 
This chapter discusses the amount of reduction in harmful pollutant emission, as a result of 

implementing a seawater air conditioning project. One of the major contributors of 

emission is the burning of fossil fuels to run electricity generators to produce power. Since 

this project would decrease the overall electricity consumption as seen in chapter 9, this 

would also reduce the emissions.  

The best way to estimate the reduction in emission is to look at the amount of pollutant 

produced when 1 kWh of energy is generated with a diesel generator. Then the amount of 

energy savings can be seen and consequently the emission reduction can be calculated. 

The amount of emissions released from burning diesel fuel in a generator to produce 1 

kWh of power depends on a lot of factors. Firstly, the type of generator and its efficiency, 

secondly, the load at which the generator is running, thirdly, the grade of diesel and so 

forth.  

Table 89 below shows an estimate of the emission of a diesel generator [14]. The power 

savings for the actual project will be about 3372 kWh, therefore this multiplied by the kg of 

emission per kWh gives the emission reduction per month for the campus. 

Table 9: Emission reductions 

 

It can be seen that the major greenhouse pollutant, carbon dioxide shows maximum 

reduction. With the reduction in power usage mentioned above the carbon dioxide 

emission would reduce by almost 2.5 tons for a month.  

 

 

 

 

 

pollutant name kg/kWhr reduction/mnth

carbon dioxide 0.714 2407.608

carbon monoxide 0.000365 1.23078

methane 0.00168 5.66496

nitrogen dioxide 0.00125 4.215

nitrous oxides 0.0000169 0.0569868

sulphur oxides 0.00379 12.77988



42 
 

11.0 Project Budget 
 

The total project budget for the project is shown in a separate Excel sheet. All the 

parts used in the project were purchased from local enterprises. Funding for some 

of the components (e.g. pumps) was provided by the School of Engineering. 
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12.0 Conclusions 

The feasibility study and design of a seawater air-conditioning system for The University of 

the South Pacific’s Tuvalu campus was successfully completed.  

The work included calculation of the total cooling load for the campus using CAMEL 

software, use of appropriate mathematical tools to select and size all the major 

components, using dimensional analysis to scale down the building and the components to 

an appropriate model size which could be constructed in the Mechanical Engineering 

workshop of USP, construction of the model, and testing the model for cooling with cold 

water at 7oC.  The maximum cooling load of the USP Tuvalu campus was estimated to be 

117 kW. A safety factor of 10% was applied which gave a cooling load of 132 kW; this value 

was used for all further calculations. 

A scaled down model of 1:10 of the actual USP Tuvalu Campus was constructed in the 

Mechanical Engineering Workshop of USP. Electric heaters were placed inside the building 

model to simulate the heat gain from all the sources. An appropriate air handling unit was 

constructed, which was used to cool the air inside the building model. Cooling to a 

temperature of 22oC was achieved with the help of circulating cold water. 

An economic analysis was also conducted in which comparison of a SWAC system was 

made to a conventional split type system and a conventional chiller type system with 

reference to the capital costs, maintenance costs and the payback period. A payback period 

of 8.6 years to 12.6 years was estimated. 

An emission analysis showed a reduction of 2.5 tons of carbon dioxide per month with the 

implementation of this project. 
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15.0 Appendices 

 
The red highlighted box indicates the specifications that were used in the project. 

 

Appendix 1: Catalogue for HDPE pipe selection. 
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Appendix 2: Plate Heat exchanger drawing and details. 
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Appendix 3: Shell and tube heat exchanger drawing and details. 

 

 

Appendix 4: Air flow rate and velocity tables for ducts [10]. 
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Appendix 5: Kr coefficient for different joints and intersections [11]. 

 

Appendix 6: Kr coefficient for enlargement and contraction. 
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Appendix 7: Quotation for AHU. 

 

Appendix 8: Volume flow rate and head for chilled water pump selection. 
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Appendix 9: Performance curve for model pump. 
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Appendix 10: Quotation for chiller unit. 
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Appendix 11: Specifications for split type unit. 
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Appendix 12: Specifications for split type unit. 

 

 


