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	 • �Fitting 100 mm of mineral wool under the existing 
roof, reducing heating and cooling loads.

	 • �Applying insulation on external walls. The proposed 
intervention includes the installation of 100 mm of 
mineral wool covered with plasterboard for the 
stone wall (potentially with a veneer to retain 
architectural features) and 80 mm of mineral wool 
covered with plasterboard for timber walls, leading 
to a reduction of both heating and cooling loads.

	 • �Installation of an air-to-water heat pump (AWHP) or  
a ground source heat pump (GSHP) could drastically 
reduce final energy consumption for space heating 
and cooling. 

In conclusion, a complete renovation package includes 
the replacement of the building’s windows and glazed 
surfaces, insulation of the external walls and roof, 
combined with an upgrading of the lighting system, the 
installation of ceiling fans and the use of mechanical 
ventilation with heat recovery, and eventually the use of 
a GSHP or, if this is not possible, of AWHP. Such a 
package will lead to energy savings of 61.6%, resulting 
in an energy consumption of 28.6 kWh/m² a, compared 
to the baseline of 74.3 kWh/m²a.   
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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  
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3.	� Introduction

The selected case study building is a typical restaurant 
built in Australia in 2004, representative of many other 
restaurants constructed in the same period. In fact, 
the aim of selecting Tahbilk restaurant is the potential 
for methodology replication and findings expansion to 
other similar buildings. 

Clearly, one sample restaurant cannot be representative 
of all restaurant types, which display highly variegated 
features. However, even though the required procedure 
may differ, the logic and methodology presented here 
offer a high-quality framework to improve the energy 
efficiency in such buildings.

Assessing the energy performance of a restaurant 
is a complicated task. It starts with determining the 
building’s construction features, including the efficiency 
of the building envelope, lighting, HVAC&R and other 
equipment. Considering the building’s features, all 
calculations were based on the ‘as-built’ condition of the 
building elements (U-values, shading, air-permeability, 
etc.). The efficiency of the HVAC&R system (Coefficient 
of Performance (COP) and Seasonal Energy Efficiency 
Rating (EER) were selected based on the provided 
information by their manufacturers, and installed 
lighting and plug loads were determined either by data 
provided by the building operators or in accordance with 
standards and regulations.  

Additionally, two types of specific conditions that have  
a significant impact on the energy performance must  
be considered: 

	 (a)� the operational parameters (hours of operation, 
set temperatures for heating and cooling, natural 
ventilation patterns, use of artificial lighting, etc.) 
and 

	 (b) �the microclimate on the building’s site (shading by 
natural obstructions and other buildings, albedo 
and thermal storage of surrounding areas, etc.).  
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Figure 1. Climatic data of Tahbilk [6].

4. 	� Tahbilk 
restaurant

4.1. Case study description
4.1.1. Climate
The Tahbilk restaurant is located at 142 Mulberry Dr, 
Tahbilk VIC 3608 (36.824S, 145.105E). Tahbilk is 140 
km north of Melbourne, and it is 131 m above sea level. 
In Köppen’s climate classification, Tahbilk is categorised 
as Cfa, meaning that it has a humid subtropical climate 
with mild to cool, short winters and warm, sometimes 
hot, prolonged summers [5]. Rainfall is relatively evenly 
spread throughout the year. Precipitation is slightly 
higher between May and September, with an annual 
mean rainfall of 510 mm. July has the highest rainfall 
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4.1.2. Tahbilk restaurant description
This case study building is a restaurant within the 
Tahbilk Winery complex, and it was completed in  
2004 (Figure 2), having capacity for 120 people.  
The classification of Tahbilk restaurant according to  
the National Construction Code is Class 6: a shop or 
other building used for the sale of goods by retail or 
 the supply of services direct to the public [7]. The 
under-ceiling height of the mentioned restaurant varies 
between 2.9 and 3.3 m. Figure 3 illustrates the treemap 
chart of the gross internal area of case study buildings. 
The total gross floor area is 323.0 m².

4.1.3. Energy consumption and sources 
One of the best ways to decrease the operational  
cost of buildings is to improve energy efficiency.  
This building does not use any renewable resources, 
with electricity used for heating, cooling, lighting, 
appliances, and water heating. Also, free-standing gas 
is used for cooking. 

Figure 2. Southern view of Tahbilk restaurant.

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

Dining area, 233.5 Utility, 10.5

Wine store, 30.2

Kitchen, 35.3

Toilets, 13.5
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building envelope are assessed based on construction 
features and age. This information is used to model 
the building and develop a thermal model. Here, the 
performance descriptors of external walls, roof and 
windows are introduced.

4.2.3.1. External walls

The External wall of the case study building can  
be divided into two parts. There is a stone wall on  
the northern side of the building and timber studs in  
the upper part. The stone wall is made of 300 mm 
granite stone on the northern side of the building.  
The R-value of the external wall is 0.277 m².K/W, with 
a solar reflectance of 0.277. Also, using the average 
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4.2.5. Internal gains
The information regarding the thermal comfort in the 
studied restaurant is provided by the Tahbilk Wine Club 
Manager (TWCM). Lighting and personal heat gain 
assumptions in the model are based on Australian and 
international standards [13].   

4.2.6. Ventilation and infiltration
The supplied fresh air flow rates and the infiltration rates 
are assumed based on international standards. 

4.2.7. Thermal Comfort

The thermal comfort parameters have been considered 
as in Table 9, using the PMV method, according to the 
National Construction Code.

4.2.8. Energy resources and  
HVAC&R systems
The total energy demand of this building is provided  
by electricity and freestanding gas. Based on the 
information provided by TWCM, the coefficient of 
performance (COP) and energy efficiency ratio (EER)  
of the heating and cooling systems are considered as  
2.8 and 2.6, respectively. The dining area, wine store  
and kitchen are air-conditioned by split systems. 

HVAC&R system Value Unit Ref. Section and page

Fresh air
On 10 L/s.person

[14]
Appendix A,  

Table A1Off 0 L/s.person

Infiltration
On 1 ACH

[15] Section 2.7
Off 0.5 ACH

Table 8. Ventilation and infiltration.

Table 7. Temperature setpoints, lighting and personal heat gain.

Building Value Unit Ref.
Section  

and page

Cooling setpoint temperature All 25 °C TWCM -

Heating setpoint temperature All 19 °C TWCM -

Personal latent gain All 6.2 W/m² [13] Page 55

Personal sensible gain All 13.2 W/m² [13] Page 55

Appliances and equipment gain All 4 W/m² [13] Page 55

Lighting gain

Dining area 14.0 W/m2

[7] Section J,  
page 379

Kitchen 4.0 W/m²

Wine store 1.5 W/m²

Toilets and 
utility room

2.5 W/m²

Factor Value Unit Ref. Section and page

Clothing Factor Summer 0.6 – Winter 1 clo [15] Section 5, page 8

Metabolic rate 1.0 Met [15] Section 5, page 7

Relative air velocity Less than 0.2 m/s [15] Section 5, page 11

Table 9. Thermal comfort parameters.
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4.2.9. Schedules
The schedules of occupancy, lighting and appliances  
of the Tahbilk restaurant are selected based on pages 
350-351 of the Australian national construction code  
with some modifications due to provided documents  
by TWCM [7]. The plug load of appliances is also derived 
from standards.  

Table 10. Occupancy, lighting and appliances schedules.

Time Occupancy Lighting Appliances and 
equipment Air-conditioning

00:00-01:00 0.00 0.05 0.15 Off

01:00-02:00 0.00 0.05 0.15 Off

02:00-03:00 0.00 0.05 0.15 Off

03:00-04:00 0.00 0.05 0.15 Off

04:00-05:00 0.00 0.05 0.15 Off

05:00-06:00 0.00 0.05 0.15 Off

06:00-07:00 0.05 0.40 0.40 Off

07:00-08:00 0.05 0.40 0.40 Off

08:00-09:00 0.05 0.60 0.60 On

09:00-10:00 0.05 0.60 0.60 On

10:00-11:00 0.20 0.90 0.90 On

11:00-12:00 0.50 0.90 0.90 On

12:00-13:00 0.80 0.90 0.90 On

13:00-14:00 0.70 0.90 0.90 On

14:00-15:00 0.40 0.90 0.90 On

15:00-16:00 0.20 0.90 0.90 On

16:00-17:00 0.05 0.05 0.05 Off

17:00-18:00 0.05 0.05 0.05 Off

18:00-19:00 0.05 0.05 0.05 Off

19:00-20:00 0.05 0.05 0.05 Off

20:00-21:00 0.00 0.05 0.05 Off

21:00-22:00 0.00 0.05 0.05 Off

22:00-23:00 0.00 0.05 0.05 Off

23:00-00:00 0.00 0.05 0.05 Off
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4.3. Evaluating Lighting 
Condition
This section aims to recommend appropriate solutions 
for the improvement of the natural and artificial 
lighting environment and for minimising the energy 
consumption for lighting the interior spaces of Tahbilk 
restaurant. The steps taken in this regard are:

	 �1. The analysis and simulations of the existing 
lighting conditions, based on information from 
building management;

	 �2. The assessment of the compliance of the energy 
performance and the lighting conditions established 
with relevant regulations, standards and guidelines; 
and

	 �3. Research, simulation and presentation of 
appropriate techniques and methods to achieve 
minimum energy consumption for lighting and 
heating loads from artificial lighting, complying  
with the Australian building regulations. 

4.3.1. Lighting evaluation method
Proposing strategies for improving lighting conditions or 
reducing energy use requires a detailed analysis of the 
existing natural and artificial lighting conditions. Using 
the information provided by TWCM, the building was 
modelled in the software environment Rhinoceros, and 
the lighting conditions were simulated in the add-on tool 
Climate Studio. Climate Studio is an environmental 
performance analysis software with advanced lighting 
calculation capabilities. The simulation results were then 
compared to the requirements and recommendations of 
the NCC [7]. Due to the lack of as-built information on the 
lighting system currently used in the restaurant, an 
assumption was made on the lighting power density. This 
is that the NCC values are used, depending on the use of 
the space. Based on this assumption, three scenarios 
were tested. These scenarios are described in Table 11.  

Base-case 
scenario

The existing power density for lighting is set to the maximum 
permitted by NCC. No daylight linked controls are used.

Scenario 1 The lighting power density is reduced with the use of efficient light 
sources. No daylight linked controls are used.

Scenario 2 Scenario 2 has the same lighting power density as Scenario 1. 
However, daylight controls are used in the restaurant.

Table 11. Scenarios for reduced energy consumption for lighting.
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Level Average Daylight Factor (%) Uniformity sDA (%)

Dining area 5.63 0.35 0.15
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5.3.6. Air-to-water heat pump (AWHP)
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6.1.	Base building 
modelling
The simulation result of the restaurant in Tahbilk is 
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Table 13. Retrofit cases.

The monthly energy gain 
of the restaurant building 
and the influence of each 
factor on the total energy 
demand is presented in 
Figure 11.  

6.2. 
Retrofit 
scenarios
The investigated retrofit 
cases in this report are 
presented in Table 13.  

Cases Description 

Baseline
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Between the presented scenarios, Case I has the most 
retrofitting steps. Table 14 shows the influence of 
different retrofitting cases on heating and cooling loads. 
Also, Table 15 demonstrates the impact of different 
retrofit scenarios on electricity consumption in the case 
study restaurant. The result indicates that by improving 
the building condition, 61.6% of the needed electricity 
can be reduced. A more detailed illustration of the 
retrofitting impact is presented in Figures 12-14.  
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Figure 12. Site energy of the retrofit scenarios.
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Table 16. Current and future energy demand of the case study restaurant based on CSIRO weather database.

Location Period

Site energy Site energy variation (%) 

DHW Heating Cooling Lighting Appliances Total electricity Heating Cooling Total electricity

Adelaide
Present 1.4 103.5 69.8 32.2 12.7 219.6 - - -
2030 1.4 83.6 83.9 32.2 12.7 213.8 -19.2 20.2 -2.6

Brisbane
Present 1.4 12.5 74.0 32.2 12.7 132.8 - - -
2030 1.4 8.7 92.7 32.2 12.7 147.7 -30.4 25.3 11.2

Canberra
Present 1.4 177.3 42.4 32.2 12.7 266.0 - - -
2030 1.4 153.2 53.2 32.2 12.7 252.7 -13.6 25.5 -5.0

Darwin
Present 1.4 0.3 332.0 32.2 12.7 378.6 - - -
2030 1.4 0.2 370.6 32.2 12.7 417.1 -33.3 11.6 10.2

Melbourne
Present 1.4 178.5 33.0 32.2 12.7 257.8 - - -
2030 1.4 149.5 43.0 32.2 12.7 238.8 -16.2 30.3 -7.4

Perth
Present 1.4 56.3 103.9 32.2 12.7 206.5 - - -
2030 1.4 41.4 125.3 32.2 12.7 213.0 -26.5 20.6 3.1

Sydney
Present 1.4 59.8 37.5 32.2 12.7 143.6 - - -
2030 1.4 48.0 46.9 32.2 12.7 141.2 -19.7 25.1 -1.7

Hobart
Present 1.4 217.6 8.5 32.2 12.7 272.4 - - -
2030 1.4 197.8 10.5 32.2 12.7 254.6 -9.1 23.5 -6.5

6.3. Future climate 
simulation
In this section, the case study building is simulated in 8 
representative cities in Australia. CSIRO has current and 
future weather models. Therefore, this database is 
selected to investigate the impact of geographical 
locations and climate change on the case study building 
energy demand. Scenarios that include time series of 
emissions and concentrations of the full suite of 
greenhouse gases (GHGs) and aerosols and chemically 
active gases are called Representative Concentration 
Pathways (RCPs) [19]. The word representative 
indicates that each RCP provides one of many possible 
scenarios that would lead to a specific radiative forcing 
characteristic. The term pathway denotes that not only 
the long-term concentration levels are of interest, but 
also the path taken over time to reach that outcome is 

important. RCP4.5 is selected as the future pathway to 
compare different cities. RCP4.5 is an intermediate 
condition in which radiative forcing is stabilised at 
approximately 4.5 W/m² after 2100. 

Table 16 presents the electricity consumption (site 
energy) for the restaurant in 8 representative cities. The 
results indicate that in all representative cities, the 
cooling site energy will increase between 11% and 30% 
by 2030, with the largest increase predicted for 
Melbourne. However, the energy consumption for 
heating, for this building, would decline sharply and 
cause a net reduction in the site energy in the future, 
with the exception of energy uses for such a building if 
located in a cooling dominated climate (e.g., Brisbane 
and Darwin). This shift in the energy signature of the 
building motivates the undertaking of actions that 
address primarily cooling energy efficiency. 

Table 17. The comparison between the base case and fully retrofitted scenario.

Location Period

Loads Site energy Site energy variation (%)

Heating Cooling DHW Cooling Lighting Appliances Total electricity Heating Cooling Total electricity

Base case
Present 16.1 30.9 1.4 11.9 32.2 12.7 74.3 - - -
2030 14.5 34.9 1.4 13.4 32.2 12.7 74.2 -9.1 12.6 -0.1

Retrofit
Present 1.6 20.2 1.4 4.0 8.8 12.7 28.6 - - -
2030 1.4 22.9 1.4 4.6 8.8 12.7 28.8 -6.7 15.0 0.7
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As the CSIRO database does not include weather data 
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 	� Attachment 1

Fig. A1. Distribution of Average Daylight 
Factor.



 	� Attachment 2

Fig. A3. Exterior views of the restaurant.
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Fig. A4. Interior views of the restaurant.


