
Soneva Fushi 
Maldives 
Chilled Water  
Outline Design 

28th September, 2009 

qÜÉ=`~êÄçå=^Çîáëçêó=pÉêîáÅÉ=iíÇK 



qÜÉ=`~êÄçå=^Çîáëçêó=pÉêîáÅÉ=iíÇK 

Scope 

Prepare an outline design for an island-wide centralised 
chilled water system, to include the following activities: 

1.  Advise on the possible re-use of the deep seawater 
pipework. 

2.  Undertake a due diligence exercise on the fan-coil unit 
selections (currently on site and some have already been 
installed).  This will involve: 

a)  Sample thermal modelling, 
b)  Sensitivity analysis, 
c)  Comparing the schedules cooling loads with the 

sample thermal modelling, 
d)  Resolving any apparent anomalies. 

3.  Size distribution pipework to the following five zones: 

a)  Villas 38-42 + 20 Staff Quarters, 
b)  Villas 26-37 + Main Kitchen, 
c)  Villas   1-25 + Main Office , 
d)  Villas  54-65 +Host Areas, 
e)  Villas  43-53 + Spa. 

4.  Produce chilled water schematic to show all valves and 
pipe sizes. 

5.  Produce schematic for chiller heat rejection system to 
show all valves and pipe sizes. 

6.  Make preliminary selection of absorption chillers. 

Not included in this work phase is: 

1.  Tender drawings and documents 
2.  Size and location of plant bases 

These will be progressed through phase 2: 

1.  Sketch design 
2.  Scheme design 
3.  Concept Guardian 
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Possible re‐use of the deep seawater pipe 

The original intention was to use seawater as a free source of 
cooling, however the seawater never got below about 18 °C, 
which is much too warm for the humid climate. 

In addition, the pipe was not sufficiently anchored to the 
seabed and consequently rose to the surface and 
substantially disintegrated. 

An opportunity does exist to re-use the system, but not as a 
means of cooling the chillers rather than cooling the buildings 
directly. 

An opportunity exists to use waste heat off the generators, 
possibly supplemented with solar-heated hot water, to 
generate cooling via absorption chillers.  However, to make 
this work, a relatively low temperature heat sink is required. 

One approach would be to use cooling towers, but these use 
a very large amount of treated water; it is better by far to use 
the seawater installation for this. 

The absorption chillers require condenser water to be no 
higher than about 29 °C, but at lower temperatures they can 
make use of lower temperature waste heat and therefore can 
increase their cooling output. 

The deep seawater pipework needs to be partially replaced, 
the extent of this replacement will depend upon the optimum 
condenser water temperature which in turn will depend upon 
the availability of medium grade heat. 

The new design incorporates a valve arrangement to allow the 
flow to reverse.  This has two benefits, firstly the system can 
choose to draw water from the coolest of the two pipe 
openings, and secondly reversing the flow will help to clear 
the protective inlet meshes. 
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Undertake due diligence advice on the 
purchased fan‐coils  

Thermal modelling has been completed for a representative 
selection of  guest villas, host accommodation, offices and 
retail – details of these can be found in the Concept 
Appraisal report. 

The main unknown is the level of infiltration, so the individual 
building model were tested across a range of possibilities.  
The results of the sensitivity study is shown on the pages 
that follow. 

The due diligence exercise will not amount to a detailed 
calculation and check for each unit that has already been 
purchased, and CAS do not have sufficient details of each 
building to undertake this level of checking if it were 
required.  However the representative modelling that has 
been done, together with the floor area schedules, enables 
potential problems to be identified for consideration during 
detailed design of individual buildings. 

When sizing individual fan-coils, high infiltration rates have 
been assumed, however these pessimistic assumptions 
would not in practice apply to every fan-coil in every building 
simultaneously.  For this reason the total cooling load will be 
less than the sum of the individual units.  

To keep maintenance simple, a constant speed chilled water 
system has been designed.  This means that the total chilled 
water flow rate is equal to the sum of all the peak fan-coil  

cooling loads.  This in turn means that the chillers must be 
sized for the peak flow rates, even though the peak will 
never occur. 

This is unavoidable with constant flow systems and means 
that there is a margin of about 30% built into chiller 
selections. 

The schedules show a wide variation in the specific cooling 
loads of the scheduled fan-coils with areas having cooling 
loads ranging from circa 50 to 500 W/m².  In most cases, 50 
W/m² would not even meet the cooling load of the minimum 
ventilation requirements, and 500 W/m² is more than double 
the highest cooling load identified from the sensitivity study. 

These apparent anomalies in the fan-coil schedule have 
been identified in the due diligence study, but these, along 
with all other fan-coils, will ultimately have to be checked on 
a building-by-building basis during the detailed  design of 
each building. 

Even though it might be necessary to use the scheduled fan-
coils, even if incorrectly sized, because they have already 
been purchased, it does not follow that any error has to be 
cascaded through the design of the chilled water distribution 
network and central plant.   
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Undertake due diligence advice on the 
purchased fan‐coils cont. 

Oversized fan-coils can be supplied with less chilled water 
provided that the flow through the coil remains turbulent, and 
undersized fan-coils will benefit with additional chilled water 
subject to pressure drops being kept within practical 
maxima. 

Fan-coils do not last forever and so it is important that the 
chilled water infrastructure is in place for the correct cooling 
loads, irrespective of the scheduled units. 

Sea water is extremely corrosive and therefore must be 
circulated through titanium heat exchangers.  The original 
concept of passing it directly through the fan-coils will 
certainly have caused damage to the 40 units already 
installed and all associated valves and other pipework 
ancillaries.  The CAS recommend that all of these are 
replaced and the pipework flushed.  As an absolute 
minimum the coils should be replaced as they might leak 
and cause damage as well as system down-time. 

The next four pages show the sensitivity study followed by 
comments on the fan-coil schedule. 



Thermal modelling 
Sensi?vity analysis, host accommoda?on 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Cooling loads 
Based on Dhondheeni, Windows facing east‐west 
Modelled area  473 m² 
Peak day  11‐Apr 

Infil  Peak (kW)  Peak (W/m²)  Annual (kWh) 
ac/h  Sen  Lat  Total  Total  Sen  Lat  Total 
0.5  29.2  8.6  37.8  80  87,097  32,519  119,616 
1.0  30.8  10.3  41.1  87  91,531  52,900  144,431 
1.5  32.4  14.6  47.0  99  96,043  68,823  164,866 
2.0  34.0  18.9  52.9  112  100,612  82,357  182,969 
2.5  35.7  22.9  58.5  124  105,225  94,400  199,625 

Chosen, 1 air 
change  per 
hour (87 W/

m²)  



Thermal modelling 
Sensi?vity analysis, guest accommoda?on 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Cooling loads 
Based on Soneva Fushi Villa, East 
Modelled area  30 m² 
Peak day  20‐May 

Infil  Peak (kW)  Peak (W/m²)  Annual (kWh) 
ac/h  Sen  Lat  Total  Total  Sen  Lat  Total 
0.5  1.5  0.5  1.9  64  3,520  1,672  5,192 
1.0  1.7  0.8  2.5  82  4,290  2,917  7,207 
1.5  1.8  1.1  3.0  99  5,082  4,170  9,252 
2.0  2.0  1.5  3.5  116  5,882  5,426  11,308 
2.5  2.2  1.8  4.0  133  6,686  6,678  13,364 

Chosen, 2 air 
changes  per 
hour (116 W/

m²)  



Thermal modelling 
Sensi?vity analysis, office accommoda?on 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Cooling loads 
Based on Admin office 
Modelled area  107 m² 
Peak day  10‐Apr 

Infil  Peak (kW)  Peak (W/m²)  Annual (kWh) 
ac/h  Sen  Lat  Total  Total  Sen  Lat  Total 
0.5  8.2  2.1  10.3  96  16,481  5,650  22,131 
1.0  8.4  3.5  12.0  112  17,040  8,430  25,470 
1.5  8.8  4.7  13.5  126  17,615  10,773  28,388 
2.0  9.1  5.8  14.9  139  18,203  12,817  31,020 
2.5  9.4  6.8  16.2  151  18,799  14,645  33,444 

Chosen, 2.5 air 
changes  per 
hour (151 W/

m²)  



Thermal modelling 
Sensi?vity analysis, retail 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Cooling loads 
Retail (aLached to admin) 
Modelled area  37 m² 
Peak day  20‐May 

Infil  Peak (kW)  Peak (W/m²)  Annual (kWh) 
ac/h  Sen  Lat  Total  Total  Sen  Lat  Total 
0.5  3.6  0.9  4.5  122  7,518  2,423  9,941 
1.0  3.8  1.3  5.1  137  7,868  3,644  11,512 
1.5  4.0  1.8  5.7  155  8,222  4,711  12,933 
2.0  4.1  2.2  6.4  172  8,579  5,670  14,249 
2.5  4.3  2.6  7.0  188  8,939  6,551  15,490 

Chosen, 2.0 air 
changes  per 
hour (172 W/

m²)  



Comments on the fan‐coil schedule 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Zone 
1 

Chilled water pipework distribu?on design 

The brief requires that pipework is routed to 
the following five zones: 

a)  Villas 38‐42 + 20 Staff Quarters, 
b)  Villas 26‐37 + Main Kitchen, 
c)  Villas   1‐25 + Main Office , 
d)  Villas  54‐65 +Host Areas, 
e)  Villas  43‐53 + Spa. 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Chilled water pipework distribu?on design, Cont. 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Chilled water pipework distribu?on design, Cont. 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Chilled water pipework distribu?on design, Cont. 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Chilled water pipework distribu?on design, Cont. 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Chilled water pipework distribu?on design, Cont. 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Chilled water pipework  
distribu?on design, Cont. 

Chiller 
room 

Pump 
room 



Plate heat exchanger 

Pot strainer 

Motorised 2‐port valve 

Capped 2‐port valve 

Pump 

Union 

Isolaang valve 

None return valve 

Pressure measuring 
point 

Commissioning 
staaon 

Y‐padern strainer 

Standard Pump Set 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Legend 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Chilled water pipework, schema?c 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Heat rejec?on pipework, schema?c 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Preliminary chiller selec?on 



qÜÉ=`~êÄçå=^Çîáëçêó=pÉêîáÅÉ=iíÇK 

Preliminary chiller selec?on, Cont. 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Blah 

Preliminary chiller selec?on, Cont. 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System descrip?on 

The chilled water will circulated in insulated HDPE pipework 
buried 500 mm beneath the ground adjacent to the existing 
concrete trench system. 

There shall be four constant flow chilled water, one primary 
chilled water circuit, one condenser water circuit, and an 
open-loop deep seawater system. 

The chillers are piped in series to maintain a constant flow 
temperature of 6 °C.  The design return temperature is 12 
°C. 

The seawater system shall incorporate motorised valves to 
allow the flow to be reversed in order to back-flush for 
cleaning and also to select the coolest sea water. 

The seawater is highly corrosive and so all heat exchangers, 
pumps, valves and other ancillaries coming into contact with 
the seawater shall be specified with suitable corrosive-
resistant materials, such as titanium. 

The two absorption chillers shall meet the base cooling load.  
A conventional vapour compression chiller shall meet the 
peak loads and provide standby capacity, space and 
blanked connections shall be provided for a fourth chiller for 
possible future expansion. 

Pipework has been sized in accordance with the CIBSE 
design criteria, but where there is a choice of suitable sizes 
the larger size has been used. 


