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Project and Program Information 
TOWER COMPETITION SINGAPORE 

• Singapore, China 
• Hotel Program 
• 150 Floors 
• 2,750 M² Floor Plates 
• 100 M² per room 
• One person per room 
• 412,500 M² Total 



Project and Program Information 
TOWER COMPETITION SINGAPORE 



Design Day Information 
TOWER COMPETITION SINGAPORE 

   ASHRAE 99.6% Heating Design Conditions for Singapore CZ 1A   

   73°F (22.9°C)  Design Dry-Bulb Temperature   

   73°F (22.9°C)  Wet-Bulb at Max Dry Bulb   

   101133 Pa Barometric Pressure   

   2.1 m/s Wind Speed   

   340° Wind Direction {N=0, S=180}   

      

   ASHRAE 1% Cooling Design Conditions for Singapore CZ 1A   

   91°F (32.8°C)  Design Dry-Bulb Temperature   

   79°F (26.2°C)  Wet-Bulb at Max Dry Bulb   

   10°F (5.6°C) Daily Temperature Range   

   101133 Pa Barometric Pressure   

   4.3 m/s Wind Speed   

   30° Wind Direction {N=0, S=180}   

Dry Bulb Temp [Scale: 21°C to 33°C] 
Year round cooling requirement 

Dew-point Temp [Scale: 18°C to 27°C] 
Year round dehumidification requirement  



Fossil Fuel Sourced Energy Reduction Goal 
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EUI 71 kBtu/ft²-yr (224 kWh/m²-yr) 

SOM Energy 
Target 55%  
below CBECS (2003) 

EUI 53 kBtu/ft²-yr (167 kWh/m²-yr) 

SOM High Performance Design Goals 
TOWER COMPETITION SINGAPORE 

TARGET EUI: 

32 kBtu/ft²-yr 

101 kWh/m²-yr SO
M

 T
A

R
G

ET
 



DoE Reference Hotel run in Singapore 
TOWER COMPETITION SINGAPORE 
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Typical Day Energy Use 

Electricity [J] Natural Gas [J]

pEUI: 

140 kBtu/ft²-yr 

441 kWh/m²-yr 
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DoE Reference Hotel Load Profiles 
TOWER COMPETITION SINGAPORE 
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Electricity Load Profile 
InteriorEquipment [J]

InteriorLights [J]

Cooling [J]

Fans (J)

Electricity [J]



DoE Reference Hotel Use Profiles 
TOWER COMPETITION SINGAPORE 
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Project Specific Concept Analysis Model Parameters 
TOWER COMPETITION SINGAPORE 

    

Base Shape: Square   

Length: 52.5 m 
  Width: 52.5 m   

  # Floors: 150   

  Floor to Floor: 4.0 m   

  WWR – 40%   

  Envelope Properties: 90.1-2007 Climate Zone 1A Defaults   

HVAC: Packaged Terminal Heat Pumps System 2 
Lighting Power Density = 1 W/ft2 
Miscellaneous Power Density = 1 W/ft2 
Infiltration = 0.06 cfm/ft2 ext wall area 
Service Hot Water: 

Peak flow of 3.0 GPM per Guest room 

(2.5 GPM Shower, 0.5 GPM Faucet) 

Peak flow of 90 GPM for all Kitchen SHW consumption 

Peak flow of 90 GPM for all Laundry SHW consumption 

Natural Gas Equipment: 

500 kW peak natural gas demand for cooking 

500 kW peak natural gas demand for laundry 



Parametric WWR Analysis of Square Floor Plate 
TOWER COMPETITION SINGAPORE 
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Parametric WWR Analysis of Square Floor Plate 
TOWER COMPETITION SINGAPORE 
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Parametric WWR Analysis of Square Floor Plate 
TOWER COMPETITION SINGAPORE 
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Studies and Background Information 
TOWER COMPETITION SINGAPORE 

http://www.epa.gov/chp/documents/wwtf_opportunities.pdf 

http://www.epa.gov/chp/markets/wastewater.html 

https://www.gov.uk/government/uploads/system/uploads/attachment_data/f
ile/69400/anaerobic-digestion-strat-action-plan.pdf 
 
 
http://www.diva-portal.org/smash/get/diva2:409206/FULLTEXT02 

http://www.diva-
portal.org/smash/get/diva2:324228/FULLTEXT01.pdf 

CHP Studies Utilized as Basis of Analysis 



Anaerobic Digester Diagram 
TOWER COMPETITION SINGAPORE 



CHP Diagram 
TOWER COMPETITION SINGAPORE 



CHP Diagram 
TOWER COMPETITION SINGAPORE 



CHP Diagram 
TOWER COMPETITION SINGAPORE 



Energy Potentials – Prime Movers 
TOWER COMPETITION SINGAPORE 



http://www.ema.gov.sg/media/files/publications/EMA_SES_2012_Final.pdf 
 
http://www.ema.gov.sg/media/files/publications/SES%202013.pdf 

Energy Flow & Fuel Mix 
TOWER COMPETITION SINGAPORE 

http://www.ema.gov.sg/media/files/publications/EMA_SES_2012_Final.pdf






Energy Densities of Various Waste Streams 

Fuel from Waste Potentials 
TOWER COMPETITION SINGAPORE 

Table 2 

COD and methane emissions from various feedstock common in tropical regions 

Feedstock Source 

COD Range 

(g/L) 

Average Methane Yield (m3/kg volatile 

solids) 

Palm Oil Mill Effluent 50 – 150 0.39 

Pig Manure 30 – 90 0.38 

Dairy Manure 18 – 48 0.24 

Sugar Beat 1.5 – 5.5 0.20 

Municipal Solid Waste 15 – 50 0.35 



Thank You! 

Skidmore, Owings & Merrill LLP 

Brian D. Griffith – SES Team 
Leader: San Francisco 

Jason Kirkpatrick – Building 
Performance Analyst: San 

Francisco 


