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Outline

• HVAC&R System Optimal Control Methods
– General considerations and methods

• Case 1: Example of complex thermal comfort HVAC systems
– The tallest building in Hong Kong

• Case 2: Example of special HVAC systems
– A clean room factory in Hong Kong

• Case 3: Saving potential of demand limiting 
– Analysis on buildings in the campus

• Summary
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HVAC&R System Optimal Control Methods 

--- General considerations and methods ---



HVAC&R System Optimal and Energy-Efficient Control

- Concerning poor quality (accuracy and uncertainty) of online 
measurements

- Robustness and sensitivity of control strategies (to measurement 
error/uncertainty, change of working conditions)

- Effective and robustness online optimization techniques

- Control of complex HVAC&R
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HVAC&R System Optimal Control Methods

o Model-based Methods

o Performance map-based methods

o Rule-based methods

o Hybrid methods

Implemented in many real 

HVAC&R systems, including: 

commercial buildings, hospitals, 

industrial/biomedical buildings and 

MTR underground stations, etc.    
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Locations for Optimal Control Logic Implementation

Model-based Methods

Performance map-based methods

Rule-based methods

Hybrid methods
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Holiday Inn 
Express 

actual saving 
15% 

TKW Station of MTR 
Projected saving 15%

(4 M kWh/year 
by control 

optimization)

Examples of Optimal Control Strategy
--- Applications and Retrofitting ---

Pharmaceutical 
Manufactural Building
Projected saving: 40% of 

energy systems 

PolyU Phase 7 (Y)
projected saving: 25%

PolyU Phase 5 
actual saving 
15%



Case 1:Example of complex thermal comfort 

HVAC systems
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The actual annual saving in total consumption is over 10 million kWh



Optimized fresh air control 
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DCV Control
Total Free 

Cooling

Partial Free 

Cooling

Heating Valve
Cooling Valve
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Output of the temperature controller 

DCV Control

-100% u0 100% 200%

hrtn>hfr

hrtn<hfr

(0%)

hrtn : return air enthalpy hfr : fresh air enthalpy Mfr : actual fresh air rate

MsetDCV : fresh air rate set point by DCV control    u0 : output of the temperature controller when MsetDCV=Mfr

MsetDCV=Mfr

MsetDCV=Mfr

A

B

• Demand Controlled Ventilation:  Reduce fresh air load without 

sacrificing Indoor Air Quality

• Free cooling: Provide free cooling during transient seasons



Modified Control:

Tolerant to faults and improper user 

settings

Optimized control of AHU supply air static 

pressure
Original Control:

Tend to fail when faults in VAV boxes, or 

too low room temperature set-points 

Allow two VAV dampers 

opening higher than 95%
Control the total air flow ratio within a 

certain range.
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Room

Air flow 

controller

Temperature 

controller

VAV box
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(F: air flow sensor, T: temperature sensor)

To other VAV 

terminals

Tsp
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Optimized control of AHU supply air static 

pressure
Original Control method:

Too high set-points

Modified Control method:

Adaptive to actual conditions



From cooling  
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▪ Original implemented 
strategy  – differential pressure 
control  and by resorting to the 
modulating valve 

▪ Revised strategy  – cascade 
controller without using any 
modulating valve 

Optimal Control of Variable Speed Pumps
➢ Speed control of pumps distributing water to heat exchangers
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Cooling load measurement

➢ Direct measurement of building cooling load

Qdm = cpwρwMw(Tw,rtn-Tw,sup)

cpw is the water specific thermal capacity; ρw is the water density; Mw is water 

flow rate; Tw,rtn,Tw,sup are chilled water return/supply temp.

➢ Indirect measurement of building cooling load

Qim = f(Pcom,Tcd,Tev)

Pcom is chiller power consumption; Tcd,Tev are chiller condensing/evaporating 

temperatures

Robust building cooling load measurement technique 

Based on Data Fusion



Robust building cooling load measurement technique 

Based on Data Fusion
➢ Data fusion to merge “Direct measurement” and “Indirect 

measurement” improving the accuracy and reliability of building 

cooling load measurement

Chiller 1 Chiller n

Central Chilling Plant

Chiller 

Model 1

Direct Load 

measurement

Data Fusion 

Engine

+

Wch,n,Tev,n,Tcd,n

Tsup Mw

Trtn

Qdm

Qin,1 Qin,n

Qload (Fused cooling load)

rload (Degree of confidence)

…  

Advanced soft 

measurement system

Chiller 

Model n

Wch,1,Tev,1,Tcd,1
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High degree of confidence  => Accurate and relatively
aggressive control

Low degree of confidence => Safe control and warning

for maintenance check

Medium degree of confidence => Less aggressive and

safer control

Robust Chiller Sequencing Control Based on Enhanced 

Cooling Load Measurement Technique
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Alternative robust chiller sequencing control

Inlet guide vane opening is a robust indicator of chiller efficiency.

This method is suitable for BMS without data fusion engine.



Optimized cooling tower control
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Objective function
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The overall structure of the optimal control strategy

Online measurements 

and control signals

Measurement filter

Simplified chiller 

model

Simplified CTA and 

CTB tower models 

Define the search ranges

for Tw,cd,sup and Nct

Supervisory control strategy 

Optimal control settings & cost

(Tw,cd,sup, NCTA , NCTB , Freq , Pch+Pct ) Optimization process

Cost estimation & optimization algorithm

FreqNCTA

Chiller plant control system

(BAS) 

Interface

Performance prediction

Twb, Qev, Nch Qev, Nch, Tw,ev,in

Tw,cd,sup

Tw,cd,out

Nch &Twb

Tw,cd,sup& Nct

Pch
Tw,cd,sup, NCTA, NCTB, Ma,, Pct , Freq

NCTB Tw,cd,sup

Optimization searches the best 

number and speed of cooling towers to 

minimize the total energy consumption 

of chillers and towers.

Optimization intends to use more 

towers at lower speed in practice. 



Case 2: Example of special HVAC systems
--- A cleanroom building in Hong Kong---
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Example of Humidity and Temperature Control Retrofitting 

for cleanrooms

Original control strategy: 
Uncoordinated heating/cooling (temperature 
and humidity) process controls - high 
counteraction between cooling and heating

Fresh air
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air
dehumidify

dehumidify cooling 

coil

heating 

coil

Supply air

RHroom
PID

RHroom,sp

Troom
PID

Troom,sp

SAT
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Retrofitted control strategy: Well-
coordinated heating/cooling (temperature 
and humidity) process controls - Unnecessary 
heating/cooling counteraction is avoided
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Direct measured gas consumption before and after retrofitting 

(in similar weather conditions)

Gas consumption before and after control retrofitting

Annual electricity and town gas savings are 982,000 

kWh and 14,562,000 MJ. Total annual cost saving is 

about 4,185,000 HKD (42%).

Summary of Annual Energy Cost Saving
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Case 3: Saving potential of demand limiting 

--- Analysis on buildings in the campus ---
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Current Incentives/Penalties - Proportion of 

electricity charges of an account in PolyU campus    

• 28.5 % based on 
demand (kVA)

• 71.5% based on unit of 
consumption (kWh)  
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23% load decrease

5% duration

Examples of actual electricity charges  - Phase 7 
in PolyU campus (Jan/2009)

Time (hour)  Demand cost (HKD)           

0.4% (3 h) 19,969 (10.1%)

1.4% (10h)       24,902 (12.5%)

2.8% (20h)      31,037  (15.6%)

4.2% (30h)      39,579  (19.9%)
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Examples of actual electricity charges  - Phase 7 
in PolyU campus (June/2009)

Time (hour)  Demand cost(HKD)           

0.8% (5h)     19,729 (7.6%)

1.4% (10h)      22,375 (8.6%)

2.8% (20h)    29,232 (11.3%)

4.2% (30h)    32,240 (12.5%)
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Summary

• A set of building energy efficient optimal control methods 

have been developed, and implemented in many real 

buildings over the past 10 years. 

• Beside thermal comfort spaces, optimization methods are 

also provided for special environments (e.g. cleanrooms).

• According to the analysis on operation data, demand limiting 

control is attractive for saving electricity cost.
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