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1990’s



The Marina Bay Business District Location



Marina Bay



In near future



District Cooling identified as a new utility service District cooling – Introductory Presentation (July 2010)



Building airconditioning system



Chilled Water



Heat Exchanger



Chilled Water



The “Cooling” Processes



Air in building space



Air Handling Unit



Chiller



Condenser



Cooling Water



DISTRICT COOLING SYSTEM



Evaporator



Ice Storage System



Refrigerant
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District Cooling General Attributes



 Centralised production of chilled water



one another



 Piped to buildings for air-conditioning use  “District”  Communal utility  Buildings close to
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Cooling Tower



Air in atmosphere
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Benefits to Building Developers  No plant room  savings in GFA  No cooling towers  More flexibility for creative building Design
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 Substantial upfront investment savings in eliminating in-building chiller plant  Lower construction risks
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Benefits to Building Users  “24 / 7” service, demand flexibility  Higher service reliability  Mandane O&M activities for a key building service eliminated  Lower recurrent usage costs



A new utility with attributes similar to electricity District cooling – Introductory Presentation (July 2010)



ExistingPlants



The Original Master Plan
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 DCS service pricing to be lower than the benchmark cost of inbuilding chilled water production



 Mandated utility service



 Co-location of DCS plants at selected large scale developments



Framework



 5 District Cooling Plants (DCS Plants)



 > 900 MWr Cooling Load



 > 8 million m2 Gross Floor Area



District Cooling at Marina Bay The Original vision: Model View
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System Overview as at July 2010 Piping Network in Common Services Tunnel



at Marina Bay Sands



DCS Plant No 2



Ultimate Installed
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:180 MWr : 60 MWr



Capacity



Commissioned in May 2010



DCS Plant No1 Common Services Tunnel



Plant 2



Marina Bay Sands



Piping Network



Marina Bay Financial Ctr



Coordinated Operation & Control



Plant 1



at One Raffles Quay First commissioned in May 2006



Capacity Ultimate: 157 MWr Installed: 97 MWr
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SOUTH TOWER



29 storeys



Plant No 1 at One Raffles Quay



North Tower



South Tower
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Supply Connection & Interface



Podium
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Distribution in Building



50 storeys



NORTH TOWER



 Supply temperature (TS) regulated at 6°C±0·5°C



TS= 6± ±0.5° °C



 Service provided via heat exchangers



Heat Exchanger(s) T



Customer’s responsibility



TR> 14° °C



Variable flow



 Return temperature (TR) to be higher than 14°C



T



T



 “Variable flow” design for downstream reticulation



T



Operation & Maintenance by SDC; Initial costs by Customer



m



Metering & Control



DCS Network



Investment by SDC



Performance-Based Service Agreement



 Hourly average TS higher than 6.5°C : SDC to pay rebate
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 Monthly average TR lower than 14.0°C : Customer to pay a premium on usage charge District cooling – Introductory Presentation (July 2010)



Regulatory Framework  Mandated service for commercial premises



$ BM Rev = BM costs x volume



=



addresses
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“Low Delta-T” syndrome



Under-declaration of Contract Capacity
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Year



BL Rev = WACCPre-tax x RAB + OPEX



Allowed Revenue



addresses



Rate pegged to regulated Variable Cost Components (i.e. prevailing electricity and water costs)



Based on metered consumption



Allowed Revenue



 Regulated by Energy Market Authority under District Cooling Act Key Principles  Regulatory Baseline Revenue = WACCPre-tax x RAB + OPEX  Initial price cap = Benchmark costs of in-building chilled water production  Revenue shortfall from Baseline for initial years recoverable from excess in subsequent years



BL : Baseline BM : Benchmark Rev : Revenue



 Sharing of efficiency gains after achieving the regulatory return. Note



WACC: Weighted Average Cost of Capital RAB : Regulatory Asset Base OPEX : Operating Expenditure
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− −



− −



− −
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Monthly average return temperature to be >14°C Usage charge increased by 3% for every °C below 14°C



 Return Temperature Adjustment



Daily basis when Max Demand > Contract Capacity Daily rate = 1/10 x Monthly Capacity Charge rate



 Capacity Overrun Charge



−



−



 Usage Charge



Rate pegged to regulated Fixed Cost Component Based on Contract Capacity declared by customers



 Capacity Charge



Pricing Structure MAIN COMPONENTS SYSTEM PROTECTION ELEMENTS
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Distinctive Advantages in comparison with in-building chiller plants (IBCPs)  Asset efficiency − Lower aggregate spare capacity − Usage diversity



 Energy efficiency − Eliminate part load condition − Professional attention to operation and maintenance



 Higher service level − 24/7 service, demand flexibility − Consistent supply quality



Professional attention



Avoidance of “part-load” condition



High capacity, industrial grade facilities



Positive factors for DCS



DCS - Lower Overall Economic Costs



− Higher reliability
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Energy Efficiency Drivers: Physical Facilities •Design •Selection of equipment •Installation / tuning



Operating Conditions / Load Profile Operation Management



Maintenance Management
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Better positioned for higher energy efficiency than IBCPs District cooling – Introductory Presentation (July 2010)
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~ 20%-25% difference



60%
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Discharge of thermal storage to top up supply
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 Localised control schemes viable (smaller AHUs, fan-coils)



 No need to operate unneeded AHUs



 No need for split-units



24/7 chilled water supplies any quantity, any time



District Cooling key feature:



10 4:00



Scheduling of machines similar to power system operations



2:00



A TYPICAL WEEKDAY LOAD PROFILE FOR MARINA BAY DCS (27 APR 10)



Avoidance of “Part-load” condition



0%



Typical Operating Range for a district cooling plant



0:00



TYPICAL PROFILE OF SYSTEM EFFICIENCY (Electricity input per unit cooling output)



2.50 2.00 1.50 1.00 0.50 -



LOADING LEVEL Average Operating Range for a typical inbuiliding chiller plant



High loading level is key to achieve design efficiency



A need when chiller plant is not operating at off-peak periods
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 Centralised cooling of large space →need for minimal cooling at worst location



 Warm clothing in tropic environment



 Very often necessary to provide a minimal loading to chillers for stable operation



 Operating unneeded AHUs at off-peak







 Proliferation of split-units (energy inefficient)



Common observations in buildings with in-building chiller plants



Demand-side Efficiency (1)
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RELATIVE ENERGY INPUT



Demand-side Efficiency (2)



Invoiced Service



Awareness of “Low Delta-T” syndrome



Awareness of Energy Usage



Maintenance of A/C system



Conservation Effort



Management’s attention



Low Return Temp Surcharge
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District Cooling as an urban utility



Economic Efficiency



Energy Efficiency



24/7 utility service conducive to business activities
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ENERGY USAGE DOWN



Town planning advantages



A strategic infrastructure for a new business district
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