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Key Process for a Zero Carbon Building

• Define
 

objective, target
 

and
 

scope 

• Integrated
 

design 
– Passive design
– Active design

• Testing
 

and commissioning
• Continuous optimization



80-90% of CO2 from operational phase

Source: UNEP Sustainable Buildings and Climate Initiative. http://www.unep.org/sbci/Activities/CCM_Pilot.asp

Life Cycle of Buildings
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Testing and Commissioning

Definition: 
Documenting and verifying the performance of 
building services systems so that they operate 
in conformity with the design intent



Commissioning Process
Initial-Commissioning

Review Design vs 

 
Owner’s requirement

Planning Design Construction Occupancy & Operation

Owner’s 

 
requirementTE
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Remark: Cx = Commissioning

Ongoing-

 
Commissioning



Benefits
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Example 1: Commissioning of a 
variable speed chiller

BUT not
 

found in 
 operation…

Temperature 
 Range 

28.1 to >30.5°C

What’s Wrong?
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Root Causes

•Speed often at 50Hz while pre-rotation vane (PRV) closed to 
minimum (i.e. a CSD performance rather than VSD)

OperationOperation

Reasons

7% of energy wasted due to VSD control not properly tuned
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TCW E = 28.5 to 32.3oC (average 30.2)

Operating data below 
performance line

Manufacturer’s 
performance line

Example 2: Chiller operating efficiency below 
Manufacturer’s Specification

A 0.5 unit of COP drops which equivalent to 13% of energy wasted at this operating range



System Optimization

objective: 
Maintain overall high system efficiency under 
building in-use operating conditions
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Remarks: S = Summer, W = Winter

Design Condition



Operation at Part Load

Peak load but 

 
not at max. 

 
efficiency

For air‐conditioning system, >99% of time operate at part load.
i.e. Part load efficiency is more important than that of peak  

Part load

Near max. efficiency occurred 

 
at most of the time of part‐load

%efficiency

%load



1.

 

Understand
 

change in demand & system efficiency with time and part load

2.

 

Reset temperature & pressure to match with demand & equipment’s 
 operating range

3.

 

Fine tune logic, time constant of control process to enhance control 
 stability

4.

 

Fine tune speed control & operating sequencing of multi‐stage  variable 
 speed equipment to maximize system efficiency

5.

 

Keep reviewing
 

operation schedule/changes in requirement

Examples (1&2)How to Optimize?



System 
Review

•

 

Reduce pipeline 

 accessories
•

 

Primary variable flow
•

 

Lift counterweight
•

 

Fresh air requirement 
•

 

Reschedule operation

Examples (1&2)Scope

Setting 
Adjustment
•

 

Raise supply 

 temperature
•

 

Lower condensing 

 temperature
•

 

Lower pressure set‐

 point
•

 

Maintain high 

 temperature 

 differential

Fine 
Tuning

•

 

Control logic
•

 

Time constant of 

 control process
•

 

Opening of control 

 valve/damper
•

 

Peak shedding



Improvement of chiller sequencing

Reduction in pressure setting

Time constant tuning for control valve

Improvement of valve opening



Ex 1: Control valve always 
open/close

AHU607 valve 

 
always fully open

AHU304 valve 

 
always fully closed

Load rescheduling can achieve 3% saving on air-conditioning system



A B C D E F

Ex 2: Pressure setting > 
pressure loss

‐
 

Riser
 

A：
85 70      50

‐
 

Riser
 

B：
110 70      50 40

‐
 

Riser
 

C：
95 70      50

‐
 

Riser
 

D：

95 70      50 40

‐
 

Riser
 

E：
100 70      50 40

‐
 

Riser
 

F：
100 70      50

A 30% saving on pump energy without sacrificed the demand of flow



Ex 3: Chillers operate at low 
efficiency
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A 3% waste in chiller consumption



Ex 4: Fluctuation of 
Valve control

Fluctuation of 

 
valve opening

Stable valve 

 
opening control

A 5-15% more in chilled water flow control cause 5% waste in pump power
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