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1.	� Executive 
Summary

Global climate change is exposing existing buildings  
to conditions they were not designed to face, with a 
KVS[MRK�RIIH�JSV�MRGVIEWIH�IƾGMIRG]��XS�VIHYGI�XLI�
operational cost and carbon dioxide emissions. To meet 
XLIWI�KSEPW��IWXEFPMWLIH�FYMPHMRKW�RIIH�IRIVK]�VIXVSƼXW�

Australia’s aged care industry has been a growing 
business in recent years. The industry consists of over 
900 companies that cater for nearly 190,000 residents 
[2]. Almost 85% of the energy consumed in aged care 
centres is used for heating, ventilation, cooling, lighting, 
and appliances [3]. This report tackles the operational 
energy consumption challenge for an existing aged  
care facility, using a real-life case study to visualise  
the impact of each energy optimisation strategy.  
A high-level framework prioritising different building 
enhancement methods is presented in this report. 

A typical aged care facility centre is selected as a case 
study to explore opportunities to reduce energy 
consumption. A dynamic thermal model of the aged 
care centre buildings is simulated with the TRNSys 
software tool, reproducing the thermal features and 
building services in the real building. 

8LMW�VITSVX�WYQQEVMWIW�XLI�ƼRHMRKW�SJ�XLI�TIVJSVQIH�
analysis on the existing conditions and provides 
recommendations for the improvement of the aged  
care building complex and the minimisation of the 
energy consumption. The complex has eight buildings 
with structural and energy performance features that 
are representative of the typology and construction 
period (1990s). 

The analysis showed that most rooms should have 
higher daylight levels, while some spaces, such as the 
lobby in building A and the corridors connecting 
FYMPHMRKW��WLSYPH�FI�WLEHIH��8LI�YWI�SJ�QSVI�IƾGMIRX�
light sources and daylight linked controls in the 
common spaces may reduce the total lighting load (kW) 
and the annual energy (kWh) ranging from 20 to 90%.

The baseline scenario for determining feasible 
interventions is based on the fact that heating load  
(193 kWh/m2E
�MW�XLI�QSWX�WMKRMƼGERX�MWWYI�XS�EHHVIWW��
Still, hot water production is crucial, and the other 
IRIVK]�YWIW�EVI�RSX�MRWMKRMƼGERX�

As a result, the primary focus is on lowering heating 
requirements. The main causes for those are:

	 • �The uninsulated roof, which has a major impact on 
energy performance in a low-rise building, the 
uninsulated walls and the poor-performance 
windows.

	 ƍ��8LI�,:%'�W]WXIQ�PEKW�MR�IƾGMIRG]��FSXL�JSV�WTEGI�
heating and for domestic hot water (DHW) 
preparation. Replacing it will therefore have quite an 
impact on respective energy consumption.  

A complete ... 
retrofitting 
package will 
lead to  
total energy  
savings of 
88.2%
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Based on these conclusions, the following 
recommendations are feasible:

	 ƍ��6IJYVFMWLQIRX�SJ�XLI�VSSJ��ƼXXMRK����GQ�SJ�QMRIVEP�
��
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2.	� Regulations, 
Standards,  
and guidelines 

The regulatory documents and Standards used for the 
analysis and the proposals are:

	 • �National Construction Code of 
Australia 2019 Volume One.

	 • �ANSI/ASHRAE 62.1-2019 Ventilation  
for acceptable indoor air quality

	 • �ANSI/ASHRAE 55-2020 Thermal 
environmental conditions for  
human occupancy

	 • �ASHRAE Handbook Fundamentals 2017, 
Chapter 18: Nonresidential cooling 
and heating load calculation 

	 • �ISO 17772-1-2017 Energy performance 
of buildings -Indoor environmental 
quality, Part 1: Indoor environmental 
input parameters for the design and 
assessment of energy performance of 
buildings

	 • �AS 1668.2-2012 The use of ventilation 
and air conditioning in buildings, 
Part 2: Mechanical ventilation in 
buildings

	 • �AS/NZS 1680.1-2006: Interior and 
workplace lighting, Part 1 - General 
principals and recommendations.

	 • �AS/NZS 1680.2.1-2008: Interior and 
workplace lighting, Part 1- Specific 
applications. Circulation spaces and 
other general areas.

	 • �AS/NZS 1680.2.2-2008: Interior and 
workplace lighting, Part 1 - Specific 
applications. Office and screen-based 
tasks.
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3.	� Introduction

The selected case study building is a typical aged care 
centre built in Australia in the 1990s, representative of 
many other centres built in the same period. In fact, 
the aim of selecting this case study lies in the potential 
JSV�QIXLSHSPSK]�VITPMGEXMSR�ERH�ƼRHMRKW�I\TERWMSR�XS�
other similar buildings. 

Clearly, one sample aged care centre cannot completely 
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Figure 1. Climatic data for Canberra [5].

4. 	� Aged Care 
Facility in 
Canberra

4.1. Case study description
4.1.1. Climate
The aged care facility centre is located in the central 
part of Canberra, at 622 m above sea level. In Köppen’s 
GPMQEXI�GPEWWMƼGEXMSR��'ERFIVVE�MW�GEXIKSVMWIH�EW�'JF��
meaning that it has a temperate oceanic climate (mild 
summer and cold winters) [4], with moderate seasonal 
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4.1.2. Building complex description
The centre was constructed in 1995 (Figure 2). Its 
GPEWWMƼGEXMSR��EGGSVHMRK�XS�XLI�2EXMSREP�'SRWXVYGXMSR�
Code, is Class 9c: residential care buildings that may 
contain residents who have various care level needs, 
namely a place of residence where 10% or more of 
persons who reside there need physical assistance  
in conducting their daily activities and to evacuate  
the building during an emergency [6]. The centre has 
eight separate buildings (A-H) and provides care to  
80 residents 24 hours a day. The under-ceiling height  
for the residential part of the aged care centre is  
2.4 m. Figure 3 illustrates the treemap chart of the 
gross internal area of case study buildings. The total 
KVSWW�ƽSSV�EVIE�MW�������Qs�

4.1.3. Energy consumption and sources 
Natural gas is used for water heating and food 
preparation, while electricity is used for heating, 
ventilation, air conditioning, lighting and appliances.  

Figure 2. Northern view of buildings A and F of the complex.

Figure 3. Gross floor divided area of case study 
building.

Kitchen and dining area, 604

Lounge and lobbies, 438

Offices and 
staff rooms, 
207

Community rooms and library, 545

Corridors, stairs and store rooms, 1608

Individual rooms, 1105
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4.2.3.2. Roof

The roof is composed of 4 layers: concrete tiles as the 
top layer, an air gap, sarking, and plasterboard inside.  
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4.2.5. Internal gains
The information regarding the setpoints for heating and 
cooling is provided by the facility manager. Lighting and 
personal heat gain assumptions in the model are based 
on Australian and international standards.
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4.2.9. Schedules
The schedules of occupancy, lighting and appliances of 
the guestrooms are selected based on page 348 of the 
Australian national construction code [6]. The occupancy, 
lighting and appliance schedules for common zones 1-8 
�SƾGIW��IRXVERGI��QIIXMRK�VSSQW��IXG�
�EVI�GSRWMHIVIH�
based on pages 348-349 in NCC [6].  

Table 9. Occupancy, lighting and appliances schedules

Time Occupancy 
(Mon-Fri)

Occupancy  
(Sat-Sun & holidays)

Artificial 
lighting

Appliances and 
equipment

00:00-01:00 0.85 0.85 0.05 0.20
01:00-02:00 0.85 0.85 0.05 0.20
02:00-03:00 0.85 0.85 0.05 0.15
03:00-04:00 0.85 0.85 0.05 0.15
04:00-05:00 0.85 0.85 0.05 0.15
05:00-06:00 0.85 0.85 0.25 0.15
06:00-07:00 0.85 0.85 0.80 0.40
07:00-08:00 0.85 0.85 0.80 0.80
08:00-09:00 0.75 0.65 0.50 0.50
09:00-10:00 0.75 0.65 0.40 0.40
10:00-11:00 0.75 0.65 0.40 0.40
11:00-12:00 0.85 0.85 0.40 0.40
12:00-13:00 0.85 0.85 0.40 0.40
13:00-14:00 0.85 0.85 0.40 0.40
14:00-15:00 0.85 0.85 0.40 0.40
15:00-16:00 0.75 0.65 0.40 0.40
16:00-17:00 0.75 0.65 0.40 0.40
17:00-18:00 0.85 0.85 0.70 0.70
18:00-19:00 0.85 0.85 0.70 0.70
19:00-20:00 0.85 0.85 0.70 0.70
20:00-21:00 0.85 0.85 0.50 0.60
21:00-22:00 0.85 0.85 0.50 0.60
22:00-23:00 0.85 0.85 0.50 0.40
23:00-00:00 0.85 0.85 0.05 0.20
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4.3.2. Lighting analysis result
The results are analysed in two parts: 

1) �The assessment of the existing natural conditions; 
and 

2) �The calculation of the existing lighting power density 
�;�Qs
�ERH�XLI�TVSTSWEP�SJ�WGIREVMSW�JSV�XLI�
reduction of the energy consumption for lighting.

4.3.2.1. Natural lighting 

The building has many openings on all elevations. Most 
of the windows are partly shaded by the protruding roof 
and by the other buildings of the complex. The natural 
lighting conditions have been studied in all common 
spaces and in indicative rooms and bedrooms (Table 
11). 

The rooms have average Daylight Factors usually below 
2% (1.3-2%), which is lower than the required by the 
NCC Daylight Factor (2%). Even though the rooms have 
large, glazed surfaces, the room depth affects the 
daylight availability. The daylight in the rooms could be 
increased with the use of skylights or light pipes placed 
towards the deepest and darker parts of the rooms. The 
lobby in Building A has a very high average Daylight 
Factor (11.5%) due to the skylight. If the skylight is not 
currently shaded, exterior shading or special glazing 
with shading elements should be considered. 

Other spaces with very high daylight levels are the 
corridors between the Buildings (Wings) of the hostel, 
which appear to have glazing on both walls. If these 
corridors are not already shaded, they should be shaded 
using exterior elements (rollers, louvres, etc.) to avoid 
glare and overheating issues.

The rest of the spaces of the hostel are considered well 
lit, and interior shading devices, such as curtains, 
louvres and rollers, should provide comfortable visual 
conditions.

4.3.2.2. Artificial lighting

The facility management of the building complex 
TVSZMHIH�XLI�TSWMXMSRW�SJ�XLI�PMKLXMRK�Ƽ\XYVIW�MR�XLI�
building. The system has been updated to use LED 
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Figure 4. SketchUp model.

The simulation includes two main parts. First, the 
FYMPHMRK�[EW�HIƼRIH�MR�7OIXGL9T�WSJX[EVI�ERH�XLIR�

457.06464. Sk5.1odel.
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5.2. TRNSys
The TRNSys software tool is used to simulate the 
behaviour of transient systems. TRNSYS has an 
extensive library of components, which can help model 
the performance of all parts of the system. TRNBuild is 
the tool used to enter input data for multizone buildings. 
It allows specifying all the building structure details, 
as well as everything that is required to simulate the 
thermal behaviour of the building, such as windows 
optical properties, heating and cooling schedules,  
etc. [10].

After importing the aged care centre buildings model 
into TRNSys, all building structural parameters (walls, 
windows, doors, etc.), schedules (occupancy, lighting, 
and appliances), internal loads, and HVAC systems 
�WIXTSMRX��ZIRXMPEXMSR��MRƼPXVEXMSR��ERH�GSQJSVX
�[IVI�
HIƼRIH�MR�862&YMPH��&]�EHHMRK�XLI�TVSTIV�GPMQEXMG�HEXE�
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5.3.3. Roof insulation
Insulation is a cost-effective way to save energy and 
improve the indoor environment. Roof insulation refers 
to the addition of a layer of Mineral wool (thickness 
of 12 cm) between the ceiling and the external roof, 
leading to an average R-value of 3.70 m2K/W.

5.3.4. Ceiling fans
Ceiling fans are a simple and cost-effective method 
to enhance the indoor air quality in summer and also 
to receive points in energy rating stars. They provide 
additional air movement by increasing the relative 
air velocity resulting in the apparent temperature felt 
on exposed skin being 3° C colder than the actual air 
temperature, thereby reducing the need for additional 
cooling. The proposed scenario will be modelled by 
increasing the cooling setpoint temperature to 26°C. 
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6.1.	Base building 
modelling
The result of the building simulations in Canberra is 
presented in this section. Hourly energy demand for 
heating and cooling (sensible and latent) is illustrated  
in Figure 5. The monthly energy demand is presented  
in Figure 6.  

6. 	� Results

Figure 5. Hourly energy demand for HVAC purposes.

Figure 6. Monthly energy demand for HVAC purposes.
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Figure 11. Monthly building energy gain.

Table 13. Retrofit cases.

The monthly energy gain of 
the hotel building and the 
MRƽYIRGI�SJ�IEGL�JEGXSV�MR�
the total energy demand is 
presented in Figure 11.

6.2. 
Retrofit 
scenarios
8LI�MRZIWXMKEXIH�VIXVSƼX�
cases in this report are 
presented in Table 13.  

Cases Description 

Baseline

The lighting power density was calculated using the lighting drawings provided by the building 
QEREKIQIRX�ERH�SR�EWWYQTXMSRW�EFSYX�XLI�[EXXEKI�SJ�XLI�Ƽ\XYVIW��8LI�PMKLX�WSYVGIW�YWIH�EVI�
ƽYSVIWGIRX�XYFIW�SV�GSQTEGX�ƽYSVIWGIRX�PEQTW��,IEXMRK�ERH�GSSPMRK�WIXTSMRX�ERH�WIXFEGO�XIQTIVEXYVIW�
are set according to the NCC. Natural gas boiler for space heating and domestic hot water is assumed.

Case A Baseline + lighting scenario 1:�8LI�RYQFIV�SJ�PMKLXMRK�Ƽ\XYVIW�MW�XLI�WEQI�EW�MR�XLI�&EWI�GEWI�WGIREVMS��
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Between the presented scenarios, Case F has the 
QSWX�VIXVSƼXXMRK�WXITW��8EFPI����WLS[W�XLI�MRƽYIRGI�
SJ�HMJJIVIRX�VIXVSƼXXMRK�GEWIW�SR�LIEXMRK�ERH�GSSPMRK�
loads. Also, Table 15 demonstrates the impact of 
HMJJIVIRX�VIXVSƼX�WGIREVMSW�SR�IPIGXVMGMX]�ERH�REXYVEP�KEW�
consumption in the case study aged care centre. The 
result shows that by improving the building condition, 
55.1% and 53.2% of the needed natural gas and 
electricity can be reduced, respectively. A more detailed 
MPPYWXVEXMSR�SJ�XLI�VIXVSƼXXMRK�MQTEGX�MW�TVIWIRXIH�MR�
Figures 12-14.    

Table 14. Simulation results – Heating and cooling loads.
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Figure 12. Site energy of the retrofit scenarios.

Figure 13. Share of site energy for the 
baseline (kWh/m2a).

Figure 14. Share of Site energy for retrofit 
scenario – case F (kWh/m2a).
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requirements are expected to drop. Also, the results 
show that the cooling load in 2030 can be reduced by 
53.6% in the case of a complete refurbishment of the 
aged care centre. The resulting reduction in the total 
electricity demand of the building is 29.8%. 

6.4. Discussion and 
recommendations
The energy performance of the aged care centre was 
simulated in order to elaborate the baseline conditions 
based on the building’s construction and operational 
features and in accordance with the foresight of 
VIWTIGXMZI�WXERHEVHW�ERH�VIKYPEXMSRW��8LI�ƼRHMRKW�
suggest that, in particular, heating but also cooling 
energy usage are relatively high. Electricity usage of 
appliances, lights and the energy required for hot  
[EXIV�KIRIVEXMSR�EVI�EPWS�WMKRMƼGERX��8LI�JSPPS[MRK�
suggestions are made to reduce energy consumption:

	 • �The simulations proved that the natural lighting 
levels in the bedrooms are lower than they should 
be. Also, spaces with skylights or large glazed areas 
should be shaded to prevent excessive heat from 
entering the building.

	 ƍ��8LI�EVXMƼGMEP�PMKLXMRK�EREP]WMW�WLS[IH�XLEX�XLI�
VITPEGIQIRX�SJ�MRIƾGMIRX�PMKLX�WSYVGIW�ERH�XLI�YWI�
of daylight linked controls may result in a reduction 
of the total lighting load (kW) and the annual energy 
(kWh) ranging from 20 to 90%.

	 • �Thermal insulation of the roof and external walls, 
leading to a reduction of both heating and  
cooling loads.

	 • �Refurbishment of the windows, with new  
aluminium framed, double glazed ones, of high 
IRIVK]�IƾGMIRG]��WS�EW�XS�VIHYGI�XLIVQEP�PSWWIW� 
in winter, solar loads in summer and achieve 
air-tightness throughout the year.

	 •� Installation of ceiling fans to reduce cooling 
demands.

	 • �Installation of an air-to-water heat pump (AWHP)  
or a ground source heat pump (GSHP) to meet the 
space heating, space cooling and DHW demand  
WS�EW�XS�VIHYGI�XLI�ƼREP�IRIVK]�VIUYMVIQIRX��

In conclusion, a complete renovation package is 
suggested that includes the drastic improvement  
of the building envelope’s thermal protection by  
means of insulation of external walls and roof, 
replacement of the windows and glazed surfaces,  
the upgrading of the lighting system, the installation  
of ceiling fans, and eventually the use of a GSHP or,  
if this is not possible, of AWHP. Such a package will  
lead to energy savings of 88.2%, resulting in an energy 
GSRWYQTXMSR�SJ������O;L�QsE��GSQTEVIH�XS�XLI�
FEWIPMRI�SJ�������O;L�QsE�  
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 	� Attachment 2

Fig. A3. Exterior view of the complex.




