
Exergenics + AG Coombs Application – 2025 Innovation Awards IDEA. 
 
1. Project/Program Title: Sydney Airport International Terminal T1 Chilled Water Plant 
Optimization 
 
2. Name and Location of District Energy System or Project: Sydney Airport International 
Terminal 1, Sydney Airport, Mascot NSW 2020 
 
3. Name of System Owner : Sydney Airport 
 
4. Name, relationship to the project/program, address, phone number & email of the 
person submitting the application  
 
A.G. Coombs, Exergenics, Sydney Airport 
 
Bryon Price Strategic Development Director, A.G. Coombs Advisory 
26 Cochranes Road, Moorabbin VIC 3189 
0419 318 389 |  bprice@agcoombs.com.au 
 
Iain Stewart (Co-Founder & CEO, Exergenics)  
4/333 Exhibition Street, Melbourne VIC 3000 
0422 443 307 |  iain.stewart@exergenics.com 
 
 
David Olivant (Senior Manager - Utilities)  
Sydney Airport 
0481 909 006, david.olivant@syd.com.au 
 
Phone Number & Email of the Person submitting 
 
Iain Stewart (Co-Founder & CEO, Exergenics)  
4/333 Exhibition Street, Melbourne VIC 3000 
0422 443 307 |  iain.stewart@exergenics.com 
 
 
 
 
 
5. Executive Summary – In 700 words or less, summarize the project /program, demonstrating 
the key aspects of what was done and the overall benefits. 
 

The Sydney Airport Chilled Water Plant Optimization project by A.G. Coombs Advisory and 
Exergenics exemplifies excellence in HVAC innovation, leveraging machine learning, model 
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predictive control, evolutionary optimization algorithms, and a purpose-built measurement and 
verification methodology specific to the chilled water plant. This project’s success is attributed to 
its innovative approach, requiring no equipment upgrades or additional hardware, ensuring 
minimal disruption while delivering rapid implementation and measurable results. 

Traditional chilled water system tuning relies on manufacturer data as a proxy for optimal 
performance. This project significantly advances that approach by utilizing machine learning tools 
to determine real-time operational efficiency profiles of chillers, pumps, and cooling towers, which 
change over time due to wear and tear. As a result, the final control logic implemented on-site 
was optimized for actual field performance, rather than relying on static design parameters. 

Project Objectives & Implementation 

The primary objective of the project was to enhance energy efficiency and reduce greenhouse 
gas emissions, ensuring optimal temperature conditions for millions of passengers annually. The 
project aimed to achieve these goals without major capital expenditure or disrupting airport 
operations. Aligning with Sydney Airport’s Net Zero 2030 targets, the initiative leveraged existing 
BMS data and advanced machine learning algorithms to drive substantial energy savings and 
emissions reductions. 

Energy savings were achieved through the following optimized control strategies: 

● Secondary pump staging and flow reset 
● Updated chiller sequencing strategy 
● Revised chiller stage-up & stage-down demand setpoints 
● Stage-based dynamic condenser water temperature reset algorithm 

Project Outcomes & Measured Success 

The project delivered significant efficiency improvements and cost savings, verified through 
rigorous Measurement & Verification (M&V) processes. 

● Annual energy savings: ~1.74M kWh, compared with 2019 consumption 
● Carbon emissions reduction: 1,377 tCO₂ per year 
● Annual cost savings: $243,880 AUD 
● Simple payback period: 12 months (originally projected at 2 years) 
● Chilled plant system efficiency improvement: 33.4% 
● Secondary chilled water pump consumption reduced by: 75% 
● Optimal secondary chilled water flow hours improved from: 32.3% to 93.9% 
● Optimal secondary supply water temperature hours improved from: 19.1% to 91.0% 

By eliminating the need for additional hardware, the project lowered upfront costs, accelerated 
deployment, and delivered energy savings significantly faster than traditional optimization 
methods. 



This initiative underscores A.G. Coombs Advisory and Exergenics' commitment to scalable, cost-
effective sustainability solutions, providing substantial environmental and financial benefits to the 
HVAC and infrastructure industries. 

 
6. In 300 words or less, explain how the project/program is innovative and unique.  

The implementation of the project was novel for Central Plant Optimization (CPO) technologies, 
which normally rely on installing third-party hardware to assume control of the plant equipment 
and optimize the system in real-time. Because of the innovative optimization loop, which seeds 
the chilled plant model with all potential conditions that the plant could face leveraging cloud 
computing, the methodology that was developed was able to produce algorithms that are bespoke 
for the equipment and cooling/weather dynamics of Sydney Airport. 

By generating a Functional Description rather than installing an additional controller, the 
investment in the existing BMS meant that the existing system could be optimized with no 
additional capital expenditure. This method of implementation reduced upfront costs and 
subsequently reduced the payback period of the project, but also significantly accelerated the 
timelines for project delivery, allowing the end client to benefit from efficiency improvements and 
energy savings much sooner than they otherwise would have installing and commissioning new 
hardware. 

 
7. With supporting data, demonstrate the improved energy efficiency benefit offered by 
the project/program, in 250 words or less.  
 
The project achieved a 33.4% increase in efficiency, reducing energy consumption by 890,094 
kWh and cutting GHG emissions by 704 tCO₂ and energy cost savings of $124,600 over nine 
months. The overall annual project reduction in energy consumption was 1,742,000 kWh, 1,377 
tCO₂ and $243,880. These benefits were measured through rigorous data analysis and verified 
by both preliminary and final Measurement and Verification (M&V) processes. All M&V was 
conducted following the International Performance Measurement and Verification Protocol Option 
B (Retrofit Isolation).  
 
The substantial improvements in efficiency and cost savings underline the effectiveness and 
potential of such initiatives to drive significant environmental and financial benefits across the 
sector. The project also provides a model for other facilities looking to achieve similar goals, 
demonstrating the scalability and adaptability of the methodology. The accuracy that can be 
accomplished when utilizing real-world data to train simulation models and the benefits of 
evolutionary optimization algorithms when dealing with complex optimization problems that are 
highly dimensional, non-linear and discontinuous, as is the case with chilled water plants, was 
demonstrated with the quantum of savings that were achieved on an already highly efficient plant 
with an operating COP of 6.25 prior to the optimisation program. Regular updates were provided 
to the Sydney Airport stakeholders to be utilized in wider decarbonization reporting and for the 



assessment of the financial performance of the project, which was estimated to have a 2-year 
payback period but achieved a 12-month payback period. 
 
 
 
8. With supporting data and graphics, explain the financial advantages of this project / 
program in 250 words or less.  
 

Project Outcomes & Measured Success 

The project delivered significant efficiency improvements and cost savings, verified through 
rigorous Measurement & Verification (M&V) processes. 

● Annual energy savings: ~1.74M kWh, compared with 2019 consumption 
● Carbon emissions reduction: 1,377 tCO₂ per year 
● Annual cost savings: $243,880 AUD 
● Simple payback period: 12 months (originally projected at 2 years) 
● Chilled plant system efficiency improvement: 33.4% 
● Secondary chilled water pump consumption reduced by: 75% 
● Optimal secondary chilled water flow hours improved from: 32.3% to 93.9% 
● Optimal secondary supply water temperature hours improved from: 19.1% to 91.0% 

By eliminating the need for additional hardware, the project lowered upfront costs, accelerated 
deployment, and delivered energy savings significantly faster than traditional optimization 
methods. 

This initiative underscores A.G. Coombs Advisory and Exergenics' commitment to scalable, cost-
effective sustainability solutions, providing substantial environmental and financial benefits to the 
HVAC and infrastructure industries. 

 
9. In 250 words or less, please provide any additional information about the 
project/program (What challenges did you face? What plans do you have for the future? 
How did your customer base or community react?, etc.)  
 
Key challenges included integrating the optimization with the existing BMS and ensuring minimal 
disruption to airport operations. These were addressed by adopting a software-based approach 
that required no additional hardware. The project team collaborated closely with Sydney Airport’s 
facilities management team to ensure smooth implementation and continuous performance 
monitoring. The use of a cloud-based model facilitated seamless data integration, while regular 
stakeholder engagement ensured that the project met all operational and sustainability objectives. 
Importantly once operational stability was achieved, the Measurement & Verification (M&V) of 
energy savings was continuously monitored throughout the 12-month project duration.  
 



The project advances machine learning-based optimization in building services demonstrating its 
ability to enhance efficiency, reduce emissions and lower costs without major capital investment.  
By leveraging historical data and simulations, it optimizes HVAC performance and unlocks 
applications in system design, equipment upgrades, and load shifting. 
 
With a 12-month payback period, the project serves as a scalable model for other facilities. It 
encourages broader adoption of data-driven, non-invasive solutions, fostering a more sustainable 
industry. The project’s results will be shared through a case study and implementation guide, 
providing insights for facility owners, contractors, and technology vendors aiming to improve 
energy performance. 
 
Following the optimization works, Sydney Airport has utilized the technology for equipment 
analysis simulation of a chilled water plant that is undergoing a retrofit of the chillers on site. The 
site team was evaluating 3 different brand chillers, the Exergenics model was able to provide 
precise paybacks/ROIs for choosing OEM A vs B vs C.  
 
 
 
10. Please provide 3 to 5 attachments as images, diagrams or photographs in jpeg format with 
identifying captions. 
 
Kindly refer to the attached documents on the next page.  
 
 
AUTHORIZATION REQUIRED: By submitting an application, the submitter and owner agrees 
that the copyright of the content of the application is vested in IDEA. It is understood that authors 
retain the right to give other publishers permission to re-publish the contents of the application in 
their entirety or as subsequently edited or abbreviated as long as the IDEA Annual Innovation 
Award is given as the source and the re-use is not before the presentation of the awards, during 
IDEA2025. The author(s) further agrees that IDEA may permit such use of its copyright 
publications, as it deems proper, upon judicious considerations, through abstracts, quotations or 
excerpts. The primary author is responsible for the accuracy of the material submitted. 
 
 
 
 
 
 
 
 
 
 
 
 



Supporting Documentation: 
 
Sydney Airport International Terminal T1 Chilled Water System Description 

The Sydney International Terminal Central Services Building plant includes: 

● Eight (8) Chillers – total capacity 26,230 kWr 
● Seven (7) Cooling Towers, Five single cell and two x six cell towers 
● Four (4) Secondary Chilled water pumps, total capacity 1,200 L/s 

Chilled water is delivered to the international terminal through a secondary chilled water tunnel, 
approximately ½ km long. Pipe sizes within the tunnel are 1 x 600mm and 1 x 350mm flow pipes. 

Twelve (12) branch connections feed out of the secondary pipework to separate terminal locations. 

The length of water distribution (rather than height) made this project more unique and therefore the 
challenges less common. 

Last major upgrade (new chillers and reconfiguration of pipework in the plantroom) was in 2014. The BMCS 
program was extremely complex and was not running according to the functional description (design). 

Allegorically, the plant furthest from the central plant was ‘always hot’ during design day temperatures or 
above. (This problem was solved during the optimization period). In some ways, this was a welcome 
“unplanned outcome” but is feedback that the operation of the BMCS and associated mechanical plant has 
been made good, potentially for the first time in many years. 

As with most large plants, maintenance and maintenance repairs are a constant consideration. The co-
ordination and interaction between A.G. Coombs Service and A.G. Coombs Advisory ensured smooth 
project co-ordination for the airport. 

Chilled Water Plant Optimization Project 

The prime objective of this project was to improve energy efficiency, reduce energy consumption and the 
associated carbon emissions. A welcome and unplanned outcome was improved temperature conditions 
within the terminal. 

Sydney Airport reached out to A.G. Coombs Advisory to seek an opinion on how best to optimise the 
International Terminal’s Chilled Water Central Services Building. 

A preliminary analysis was conducted by A.G. Coombs Advisory using BMCS trend data. 

A.G. Coombs Advisory presented a statistical analysis of the plant deficiencies and recommended energy 
improvement initiatives including: 

1)   Recommission / retest the operation of the BMCS programme found to be incorrect. 
2)   Correct operation of the decoupler flow. 
3)   Correct secondary chilled water supply temperature 
4)   Correct secondary chilled water pump staging 
5)   Correct thermal capacitance model 
6)   Implement Artificial Intelligence (Exergenics) to statistically predict energy improvements and 

recommend programme changes to improve energy consumption. 



Sydney Airport commented favourably that the A.G. Coombs methodology was not based on rules of 
thumb, as others had proposed, but on the actual data. 

Exergenics’ chilled water plant optimisation solution is a powerful optimisation engine that leverages 
operational data to recommend optimal control strategies that yield significant energy savings. 

The prime levers for optimisation are: 

·        Staging set points 
·        Reduction of short cycling 
·        Revised condenser water approach algorithm 

Project Period 

● Project works - October 2022 – December 2022. 
● Monitoring & Verification Period - 1 December 2022 – 30 November 2023 

Project Process 

 

 



 

 

 



 

Project Outcomes 

Outcomes can be summarized as follows: 

·        Energy savings ~ 1.74M kWh pa, compared with 2019 consumption 
·        Optimal secondary chilled water flow, supply water temperature and consumption. 
·        The factors which affect these conditions include: 

o   Excessive secondary chilled water flow resulting in higher pump energy and possibly 
increased system pressure. 

o   Insufficient secondary chilled water flow possibly leading to low flow particularly in the index 
leg(s). 

o   Incorrect pump staging. 
·        Optimal secondary chilled water flow improved from 32.3% to 93.9% of operational hours. 
·        Optimal secondary supply water temperature improved from 19.1% to 91.0% of operational hours. 
·        Secondary chilled water pump consumption reduced by 75% 

For the previous ten-year period, Pier C was always struggling to achieve design conditions during design 
heat days with the space being over temperature. During the optimization period, COLD complaints were 
received. A testament to the improvement in pump staging and flow condition. 

 

 

 

 

 

 

Equipment Modelling 



Equipment modelling was undertaken leveraging historical BMS data. Below are examples of bi-

polynomial regression chiller performance models, which are used to predict chiller COP based 

on the lift and part loading of the machine in the wider plant simulations. 

 
Chiller performance model 3,690kWr York Centrifugal. 

 
Chiller performance model 2,000kWr York Centrifugal.  

 
 
 



Controls Recommendations 
Below are some of the controls recommendations which were modelled as part of the project, 
including updates to chiller sequencing, chiller staging setpoints and a dynamic condenser water 
reset algorithm. 
 
 

 
Optimised chiller sequencing based on historical load profiles and equipment performance. 

 
 
 

 
Chiller staging setpoints and graphic CDW reset by stage. 

 



 
Dynamic staged-based CDW reset, modulating approach temperature by Load (kWr).  

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Functional Description – Chilled Water Update 

Below is the unique functional description that was generated for the project using the plant 
simulation. The recommendations in section C4 are detailed here with technical advice on the 
implementation of advanced energy efficiency strategies that can be deployed in any existing 
modern controller.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 



 



 



 



 



 



 



 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Measurement & Verification Report – Chilled Water Optimisation at Sydney Airport T1 

Below is the Measurement and Verification Report for the project, which aligns to the International 
Performance Measurement and Verification Protocol (IPMVP) Option B Retrofit Isolation 
Guidelines. The plant energy baselining methodology takes into account both building load and 
ambient weather conditions to create a boundary condition around the chilled water plant and 
consistently generate models of >90% R2. Note this report only covers part of the reporting period 
so the annualised kWh savings figures are higher than published. 



 
 



 



 



 



 



 



 



 



 



 



 



 



Project Images 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 


