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Background   Approximately 30% of emissions at the Australian National University (ANU) come 
from gas usage primarily for space heating. To meet ANU’s decarbonisation goals and comply with 
the phase-out of mains gas supply in Australian Capital Territory by 2045, ANU has worked with 
external consultants to identify two electrified heating solutions: a centralised solution and a 
distributed solution. The distributed solution involves replacing the existing gas boilers with high 
temperature (ASHPs) at each building without upgrading the existing cooling systems. The 
centralised solution proposes constructing four district thermal hubs on campus, each satisfy the 
heating and cooling demand of nearby buildings. Each hub includes ASHPs, water-sourced heat 
pumps (WSHPs), water-cooled chillers (WCCs), a shared condenser water storage (CWS) system, 
chiller water storage, and heating hot water storage (HHWS). The CWS serves as the heat source 
for WSHPs, with water in the CWSS heated by ASHPs and the heat extracted by WCCs. Figure 1 
provides a high-level representation of a thermal hub.  

The external consultant analysed the costs and benefits of centralised and distributed solutions, 
each with advantages and limitations. The centralised approach mitigates feeder overloading and 

enhances operational efficiency by recycling heat extracted 
by chillers through condenser water storage systems and 
water-cooled heat pumps. In contrast, the distributed 
approach would exceed the ratings of nearly all high-voltage 
(HV) feeders on campus, necessitating feeder upgrades and 
potentially a new transformer, although it offers a lower 
overall capital cost. Table 1 summarises the maximum 

feeder loadings under each solution, with rating violations 
occurring primarily in summer and spring. While the centralised solution avoids feeder overloading, 
it requires a new substation per hub, two additional HV feeders, new heat distribution systems, and 
the demolition of existing chillers.  

However, these analyses lack insights into how energy is used under each solution, such as the 
timing of energy use and the energy flows among thermal assets. Consequently, the impacts of 
these solutions on key planning and operational metrics—such as total energy consumption, peak 
demand, emissions, and campus-wide energy costs—remain unclear. This study addresses these 
gaps by developing a modelling tool to simulate electrical and thermal flows across the campus, 
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Figure 1 Heating (red) and cooling (blue) 
flows in a thermal hub 

 

Table 1 Max loadings of five bulk supply point feeders on the campus 

Feeder Existing 
loading 

Loading after the 
distributed solution 

Loading after the 
centralised solution 

1 110% 118% 75% 
2 99% 128% 80% 
3 79% 113% 61% 
4 48% 80% 69% 
5 144% 104% 97% 
6 131% 184% 82% 
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optimise operation schedules for thermal assets under two electrified heating scenarios, and 
evaluate and compare their performance. 

Method   First, we collected historical data from 814 electricity meters (hourly resolution) and 118 
gas meters (monthly or quarterly resolution) across the campus. Additionally, we obtained 
operating temperature data (inflow, outflow and internal temperatures), gas boilers, and heating hot 
water systems in 12 representative buildings, as well as the internal gross floor area (GFA) of all 
campus buildings. Solar generation from all photovoltaic (PV) systems was estimated using 
historical outdoor temperature and solar irradiance data from Solcast (https://solcast.com/) 
combined with their maximum generation capacities, totalling approximately 4,802 kW.  

Second, using the collected 
datasets, we developed electrical 
energy profiles for each building 
based on electricity meter readings 
and estimated solar generation. 
Synthetic heating and cooling 
profiles for each building were 
derived from aggregate gas meter 
data and operating temperature 
data from the 12 representative 
buildings. These representative 
buildings correspond to major 
functional categories on the 
campus: office, large office and 
teaching, school of art and music, 
office and research, ancillary, large research, teaching and office, small residence, large residence, 
library, swimming pool, and the National Computational Infrastructure. Thermal energy profiles 
were first calculated from the operating temperature data for these 12 buildings, then assigned to 
each building according to its functional category and scaled by its gas meter data and internal 
GFA. Table 2 provides the average GFAs of buildings within the same function categories, to 
indicate the relative magnitudes of the GFAs. Figure 2 illustrates a normalised representative 
thermal demand profiles over a year for a office and research building.  

Third, we modelled the thermal outputs of heat pumps and chillers using dynamic coefficients of 
performance (COPs), calculated as 𝐶𝑂𝑃!   =  𝐶𝑂𝑃"#$!%#&'&(#) ∗ 	𝐶𝑂𝑃(𝑇$*+*. The part-load based 
COP (𝐶𝑂𝑃"#$!%#&'&(#)) was obtained from the literature [3] (see Table 3) and we normalised these 
COPs to scaling factors using the nominal COP for each plant, calculated as	𝐶𝑂𝑃"#$!%#&'&(#)/
𝐶𝑂𝑃,(-%,#&. The temperature-based COP 
(𝐶𝑂𝑃(𝑇$*+*) was provided by the external 
consultants (see Table 4). Note that we 
disregarded thermal losses in the heat 
transmissions between thermal hubs and 
buildings, as the design of heat distribution 
systems in the centralised solution is 
beyond the scope of this study.  

 
Figure 2 Yearly normalised heating (blue) and cooling (yellow) profile 

for a ‘office and research’ buildings (right).  

Table 3 Part-load based 
COP scaling factors  

Part-load 
ratio 

Scalar 

0.25 0.8 
0.5 0.9 
0.75 1 

1 0.85 

 

Table 2 Average GFAs of 
selected building types 
Building 

type 
Avg GFA 

(sqm) 
Office 2962 

Research 3583 
Teaching 1667 

Residential 3264 

 

Table 4 Temperature based COPs of thermal plants 
CWS  
temp.  
(°C) 

Chiller 
COP 

Evaporator  
internal  
temp. (°C) 

WSHP  
COP 

Ambient  
temp.  
(°C) 

ASHP  
COP 

35 6 45 3.7 40 4.4 
30 7.3 40 3.7 20 4.4 
27 7.5 35 3.6 15 4 
24 8.9 30 3.5 10 3.6 
21 10.4 25 3.3 5 3.2 
18 12.6 20 3.0 0 2.9 
15 15.4 15 2.8 -2.5 2.8 
12 18.9 10 2.5 -5 2.7 
9 22.3   -10 2.0 
6 17.8     
5 16.9     
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Fourth, we developed a mixed-integer programming optimisation model [1-7] to calculate the 
optimal electrical demand for all heat pumps, chillers, and thermal storage systems, including CWS 
and HHWS. This model optimally schedules these heating and cooling plants to minimise the 
overall peak demand for the entire campus while satisfying the total electrical and thermal 
requirements on campus under the distributed and centralised heating and cooling solutions.  

Analysis   Simulation results using the MIP model demonstrated that both the distributed and 
centralized solutions could reduce carbon emissions by over 60% compared to the existing 
solution. However, each solution resulted in different energy usages, efficiencies, and costs.  

First, we compared the maximum hourly electrical demand of all buildings considered in this study 
across a year, as shown in Figure 4. The results confirmed that the distributed solution led to the 
highest hourly electrical demand compared to other solutions.  

Second, we analysed the annual total electricity consumption of a year under the three solutions. 
Figure 5 illustrates that the existing solution had the lowest total consumption due to its use of gas 
for space heating, while the centralised solution had the highest. Further investigation is needed to 
understand the exact factors contributing to the increased consumption in the centralised solution. 
However, it is important to note that the centralised solution incorporated ASHPs, WSHPs, chillers, 
and additional storage systems such as CWS, whereas the distributed solution only relied on 
ASHPs and chillers for heating and cooling. 

Third, we investigated the average COPs across all thermal plants over a year for each solution. 
Initially, we calculated the optimal schedules of thermal plants using the MIP model based on the 
hourly electrical and thermal demand profiles, as well as the part-load and temperature-based 
COPs of the thermal plants. From these optimal schedules, we computed the resulting COP per 
hour for each thermal plant, which was used to calculating the average COP per plant over a year. 

 
Figure 4 Maximum hourly electrical demand (kW) 

 
Figure 5 Yearly total electricity consumption (MWh) 

 
Figure 6 Total thermal plant average COP 

 
Figure 7 Yearly overall energy cost (AUD) 



 

2-4 Dec 2025, Brisbane 

 

 

We then computed the total plant average COP (the mean of the average COP per plant, see 
Figure 6) under each solution. Note that we assumed a fixed COP of 0.85 for gas boilers. The 
results indicate that the centralised solution had the highest average COP, 22% higher than the 
existing solution and 8% higher than the distributed solution. This is likely due to the centralised 
solution's ability to recover waste heat between buildings with simultaneous heating and cooling 
needs, facilitated using shared CWS systems. Figure 8 and 9 shows the hourly thermal demands, 
rejected and recovered heat, CWS water temperatures, and the thermal plant COPs over a day for 
a thermal hub, where the maximum thermal output was 2000 kWth for the ASHP, 7200 kWth for 
the WSHP and 8100 kWth for the chiller. In contrast, the distributed solution simply rejects the heat 
extracted by chillers to the atmosphere, which limits its efficiency.  

Fourth, we compared the yearly total energy cost (both electricity and gas costs, see Figure 7). 
Despite the centralised solution's noticeably higher annual consumption compared to the 
distributed solution, its total energy cost was only slightly higher, due to its higher average COP.  

Discussions and conclusions   In summary, the centralised solution offers higher efficiency and 
better integration of systems, but at the cost of higher electricity consumption, slightly higher 
energy costs, and significant infrastructure requirements, including the construction of new network 
infrastructure and thermal hubs, as well as the demolition of existing chillers. The distributed 
solution provides lower electricity consumption and cost-effectiveness but may not be as efficient in 
managing heating and cooling demands and requires infrastructure upgrades. Both solutions 
effectively reduce emissions, making them viable options for electrifying heating on campus. We 
recommended that a hybrid approach implementing centralised thermal hubs in areas where peak 
demand management is critical or where waste heat recovery opportunities are significant, while 
deploying distributed systems in areas with fewer such concerns.  
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Figure 8 Sample thermal demands and waste heat recovery  

 

 
Figure 9 Sample thermal COPs over a day  
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