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Abstract

District heating networks are commonly addressed in the literature as one of the most effective solutions for decreasing the 
greenhouse gas emissions from the building sector. These systems require high investments which are returned through the heat
sales. Due to the changed climate conditions and building renovation policies, heat demand in the future could decrease, 
prolonging the investment return period. 
The main scope of this paper is to assess the feasibility of using the heat demand – outdoor temperature function for heat demand 
forecast. The district of Alvalade, located in Lisbon (Portugal), was used as a case study. The district is consisted of 665 
buildings that vary in both construction period and typology. Three weather scenarios (low, medium, high) and three district 
renovation scenarios were developed (shallow, intermediate, deep). To estimate the error, obtained heat demand values were 
compared with results from a dynamic heat demand model, previously developed and validated by the authors.
The results showed that when only weather change is considered, the margin of error could be acceptable for some applications
(the error in annual demand was lower than 20% for all weather scenarios considered). However, after introducing renovation 
scenarios, the error value increased up to 59.5% (depending on the weather and renovation scenarios combination considered). 
The value of slope coefficient increased on average within the range of 3.8% up to 8% per decade, that corresponds to the 
decrease in the number of heating hours of 22-139h during the heating season (depending on the combination of weather and 
renovation scenarios considered). On the other hand, function intercept increased for 7.8-12.7% per decade (depending on the 
coupled scenarios). The values suggested could be used to modify the function parameters for the scenarios considered, and 
improve the accuracy of heat demand estimations.

© 2017 The Authors. Published by Elsevier Ltd.
Peer-review under responsibility of the Scientific Committee of The 15th International Symposium on District Heating and 
Cooling.

Keywords: Heat demand; Forecast; Climate change

Energy Procedia 121 (2017) 33–40

1876-6102 © 2017 The Authors. Published by Elsevier Ltd.
Peer-review under responsibility of the scientific committee of the International Conference on Improving Residential Energy Efficiency.  
10.1016/j.egypro.2017.08.005

International Conference on Improving Residential Energy Efficiency, IREE 2017

10.1016/j.egypro.2017.08.005 1876-6102

© 2017 The Authors. Published by Elsevier Ltd.
Peer-review under responsibility of the scientific committee of the International Conference on Improving Residential Energy Efficiency. 

 

Available online at www.sciencedirect.com 

ScienceDirect 
Energy Procedia 00 (2017) 000–000  

 www.elsevier.com/locate/procedia 

 

1876-6102 © 2017 The Authors. Published by Elsevier B.V. 
Peer-review under the responsibility of the scientific committee of Improving Residential Energy Efficiency International Conference, IREE 
2017.  

Improving Residential Energy Efficiency International Conference, IREE 2017 

Opportunities to improve indoor temperatures and electricity use in remote Australian 
buildings  

Osman, P*a, Havas, Lb, Ambrose, Ma, Williams, Kc 
aCSIRO, 11 Julius Avenue, N.Ryde, 2113, Australia; bCharles Darwin University, Casuarina, 0815, Australia; cCooperative Research Centre for 

Remote Economic Participation, University of South Australia, Adelaide, 5000, Australia 

 

Abstract 

Adaptation to climate change and mitigation of the rising costs of electricity are key incentives for improving building energy 
efficiency. The need is particularly acute in remote communities in Far North Queensland and Central Australia. Electricity is 
expensive, incomes are relatively low and maintenance services are difficult to access. At the same time buildings have to 
provide an environment that is safe and productive while coping with extremely challenging climates. We report eight case 
studies that investigated community buildings and their associated electricity consumption, temperatures and relative humidities 
over a nine month period. The study focused on two building construction types: i) concrete block and ii) steel frame, in the hot 
arid and hot humid climate zones of northern Australia. Key findings are described relating to i) improving building thermal 
efficiency, ii) reducing the electricity consumption by appliances, particularly standby consumption, iii) the potential for adapting 
the energy efficiency rating tool AccuRate for use in remote communities in arid and tropical northern Australia.  
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1. Introduction 

Buildings used by community enterprises such as art centres and Aboriginal corporations in remote northern 
Australia need to provide apparent temperatures that are sufficiently low to allow safe and productive work in 
locations where temperatures can be extreme and the cost and availability of electricity and maintenance may 
sometimes preclude air-conditioning. The work presented here is part of an ongoing study that aims to provide 
recommendations for reducing electricity consumption, improving building thermal efficiency and maintaining 
better temperature and humidity control inside such buildings. It reports on the thermal characteristics and electricity 
consumption in eight enterprise buildings in Far North Queensland (climate zone 1 – tropical, hot and humid) and 
Central Australia (climate zone 3 - hot and arid).  

The research sites comprised simple building structures that were representative of the workplace built 
environment in remote Australia. Enterprise buildings were selected to be similar in function so that electricity 
consumptions could be more usefully compared. Four of the research sites were Aboriginal art centres and one was 
an Aboriginal Corporation. The construction methods were either concrete block or steel frame. The study 
characterised the building designs, their space heating or cooling appliances, and their relationships with workspace 
temperatures, humidities and electricity consumptions. 

2. Methodology     

2.1 Sample selection 

Eight buildings/structures were selected to represent two types of construction: concrete block and steel frame, 
Figure 1. All but one building were associated with art centres. Four of the structures were large single room studios 
including one attached to an office, and four were multi-room buildings. The buildings were unoccupied for several 
weeks during the nine month period of study and this allowed them to be studied with and without active cooling or 
heating, with both low and high thermal and electrical loads. An Aboriginal corporation office in Far North 
Queensland was also studied to further characterise office equipment thermal and electrical loads. 

 

 

 

 
 
 
 
Figure 1 Research sites: geographic distribution of building construction types 

2.2 Data acquisition 

Surveys were carried out on all the buildings and architectural schematics were drawn up with sufficient detail 
to allow thermal analysis. Construction materials were noted together with room, window and door dimensions, the 
presence or absence of skylights and insulation, the location of lighting, heating and cooling appliances and the 
location of about 100 temperature and humidity sensor-data loggers. 

Temperatures and humidities were recorded at a central location inside the building at 10 minute intervals, 
using temperature/humidity data loggers. Supplementary temperatures at walls and windows were measured hourly 
using button cell data loggers. The button cells were able to withstand severe environmental conditions and were 
also used in shaded and unshaded areas outside the building. The temperature readings were compared with 

Research Sites 

FNQ1 FNQ2 and FNQ3 CA2 CA1 

A concrete block building 
at each site 

Three steel frame buildings 
  

One concrete 
block building 

One concrete block and one 
steel frame building 

 Osman et al. / Energy Procedia 00 (2017) 000–000   3 

minimum, maximum and average readings from Bureau of Meteorology (BoM) stations that for three of the five 
sites were located one or two hundred kilometres away. The temperatures of broad or inaccessible areas, such as 
walls and roofs were assessed using infrared photographs acquired during three visits over nine months. Visible 
light photography supplemented the architectural schematics to describe particular features of the building and to 
identify sensor locations. Appliance power ratings were noted from their name plates and where practical their 
electricity consumption was directly measured. 

Electricity consumptions were monitored at one minute intervals on switch board sub-circuits in each building 
using five 12 channel and two 21 channel data loggers. Power factors were calculated for thirty one of the data 
channels while power factors for the remainder were directly measured. Data logger energy consumptions were 
excluded from the data analysis. Data was stored at the data-logger and downloaded each day to a central databank. 
Backup power supplies and auto-resetting modems were used to enable the system to recover from power or 
communications failures. Interpolation was used in place of 3.5% of records that were compromised due to 
installation and maintenance, telecommunication service issues and switchboard overloads. Data logging ran from 
June 2015 to April 2016 and the results presented here relate to that nine month period.  

2.3 Building assessment 

The building’s thermal characteristics were compared against a baseline model of nationally accepted building 
thermal efficiency adapted from the NatHERS AccuRate star rating scheme [1]. The AccuRate model estimates of 
building temperatures and heating and cooling energy consumption were also compared against measured values, to 
evaluate whether AccuRate could be adapted for the design and assessment of buildings in remote Australia. The 
parameters of key interest were the impacts of waste heat load from electrical equipment and the inevitable 
differences between the temperature profiles assumed in AccuRate and the temperatures of the local environments. 

3. Outcomes 

It was evident during summer that high apparent temperatures in work areas limited the practical hours of work 
particularly in buildings that were not air conditioned [2]. In general per capita consumption of electricity in work 
spaces was relatively low compared with city buildings [3]. This suggested that building design and appliance 
operating protocols rather than human behaviour presented the key opportunities for improving comfort and safety 
and reducing electricity costs at these sites.  

3.1 Opportunities to improve indoor temperatures in low thermal mass buildings by roof insulation, shading and 
ventilation 

The average working day (9am-5pm) outside air temperatures varied from 28oC in winter to 34oC in summer 
for FNQ and 20oC to 35oC for CA.  The average apparent temperature in summer during working hours inside the 
six air conditioned buildings was 32oC rising to a peak greater than 35oC in half of these buildings during the 
afternoons. Inside one low thermal mass building without air conditioning in FNQ the average apparent temperature 
was 39oC rising to 42oC during the day. 

Only one of the steel frame buildings had a ceiling and they all had roofs that were painted with dark colours or 
were discoloured with age. The roofs had little or no insulation or low emissivity foil to manage the solar heating 
and the consequent radiative heating into the workspace. In this study, several such roof temperatures were observed 
to be at 60°C or greater, whilst the outside air temperature was no greater than 32°C. The heat absorbed by the roofs 
commonly resulted in room temperatures being up to 10°C higher than the air temperature outside the building, 
which suggested the opportunity to improve internal temperatures through better ventilation.  

Infrared images of a steel frame building roof in FNQ shows the impact that plant shading can have on roof 
temperatures, in this case reducing the radiant temperature by about 10°C, Figure 3. Careful use of foil insulation 
and planting trees and shrubs for shade and transpiration cooling, together with appropriate forced ventilation, 
should cool the interior of the buildings at the FNQ site down to the outside air temperature, typically 32oC.  
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Figure 2 Shade tree reducing the roof temperature from 45°C to 35°C inside an FNQ1 unconditioned building 

  The impact of bulk insulation and the reduction of uncontrolled drafts was assessed for each building using a 
modified version of the building energy efficiency rating tool AccuRate. An example was the main art centre 
building at FNQ1. It was a steel frame construction and had the only working air conditioner on site. AccuRate 
calculated a very poor rating of zero stars for the building and showed that adding wall and roof insulation could 
improve its rating to 7.4 stars, see Table 1. AccuRate assessments suggested that on average star ratings of 0.3 could 
be improved to 4.5 stars for the steel frame buildings and likewise ratings of 3.6 could be improved to 5.3 stars for 
the concrete block buildings by adding insulation and sealing drafts. AccuRate did not include a facility to determine 
the impact of forced ventilation. 

Table 1 FNQ1 main building and simulated retrofits: AccuRate heating/cooling energy consumption MJm-2 and star rating  

____________________________________________________________________________________________________________________________________________________________________________ 

Modification               Heating    Sensible cooling (kWh)      Latent cooling (kWh) Total            Star rating 
____________________________________________________________________________________________________________________________________________________________________________ 

Current building  0.1  698.1  154.3  852.5  0.0 

Insulated walls  0.0  509.1  141.6  650.7  1.7 

Insulated roof  0.0  317.1  119.6  436.7  4.1 

Insulated roof and walls 0.0  143.4    99.5  242.9  7.4 

3.2 Opportunities to improve indoor temperature in high thermal mass buildings 

The concrete block buildings on all sites had air conditioners but not all had ceiling insulation and none 
appeared to have wall insulation or provision for night ventilation. The concrete block buildings had a much greater 
thermal mass than the steel frame buildings and tended to store heat absorbed during the day, particularly if the 
building was insulated. This stored heat is an additional load on air conditioning but may be of some use in CA 
during winter. Figure 3 shows the difference in temperatures between the interior and the outside of the buildings 
during summer nights. These temperature differentials present an opportunity in high thermal mass buildings to use 
the relatively cool summer night air to reduce the internal temperature via forced night time ventilation using fans. 
The low thermal mass buildings are less likely to need such cooling.  
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Figure 3  Summer night ventilation cooling potential for each building construction type 

4.1 Characterisation of electricity supply and usage patterns 

The generation and supply of electricity to building switchboards was reliable at all sites. However the reliance 
on power cards to switch the electricity on in the building meant there were periods from days to a month or more 
where no power was available in key buildings. Electrical and plumbing services in one of the CA centres were 
problematic, with inadequate servicing of evaporative coolers leading to three smouldering fires that were reported 
by building staff during the nine month study. Two buildings had no air conditioning and one was inadequately air 
conditioned so that for significant periods in late spring and summer these buildings were unoccupied.   

 

Figure 4  Electricity consumption distribution and end use across case study sites 

The pattern of electricity consumption across the five sites was strongly differentiated between FNQ and CA 
(Figure 4). Sites in FNQ had a consumption two to three times greater than those in CA over the nine month study 
period. Air conditioning and general power outlet (GPO) consumption were the principal contributors to this 
difference. In the more humid climate of FNQ, each art centre usually ran an air conditioner 24 hours a day to 
preserve artworks and cultural artefacts while in CA they typically ran from 9am to 6pm. Likewise the increased 
GPO consumption in the FNQ art centres reflected their diverse range of artworks, which required kilns, wood 
working machinery and textile processing equipment for their production; whereas the CA art centres tended to 
focus on paintings, which required relatively little support machinery. The increased air conditioning and GPO 
consumption in FNQ3 (the Aboriginal Corporation), reflected its use of office equipment, servers and land survey 
equipment. 

4.2 Opportunities to reduce electricity consumption outside working hours 
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All five enterprise buildings were unoccupied outside normal working hours and yet in the two FNQ art centres 
the overnight electricity consumption was approximately equal to the consumption from 9am to 5pm. The 
Aboriginal Corporation had a similar issue with overnight electricity use accounting for forty percent of the total 
consumption. Overnight electricity use can be intentional, for example running air conditioners to preserve art works 
or managing safety lights and alarms; it might be unintended, for example a computer or air conditioner that has 
been incompletely shutdown and is running on standby; or it might be optional, for example running a computer 
server to maintain an enterprise web site rather than hiring an internet service provider. 

Whether power use out of hours was due to intermittent use of an appliance, or standby electricity consumption, 
was determined from plots of electricity consumption and the duration of operational cycles, versus operating 
power. The example in figure 6 compares two single split air conditioners in the same studio. A point on the 
horizontal axis where the continuous line peaks indicates the appliance electrical operating power, the height of the 
peak indicates the number of hours during which the equipment ran at that power during the nine month study. The 
bar height indicates the energy consumed at that power. It can be seen that air conditioner 2 has consumed almost as 
much in standby as when running and ten times as much in standby as air conditioner 1. 

 
 

 
 
Figure 5  Air conditioner electricity consumption and operating hours for its range of operating powers 
 
By applying this method to the electricity consumption of appliances that were identified for each sub-circuit, it was 
possible to determine the reasons for power consumption outside working hours and to suggest ways of reducing it. 
Table 2 shows the result of this kind of analysis and suggests there is a potential in FNQ to save up to approximately 
7 MWhs of electricity each year. A secondary saving could also be evident from the reduced thermal load on air 
conditioners due to removing waste heat that would otherwise be generated by appliances running unnecessarily 
overnight. In total this saving would equate to about 7.4 t CO2-e [4] and $2000 dollars. The savings in CA were 
relatively modest being about a tenth of those for FNQ. 

Table 2  Reasons for electricity consumption outside working hours 
__________________________________________________________________________________________________________________________________________________________________________ 

Reason for consumption   Location     Out of hours (OH)     Working hours (WH)           Ratio  
         consumption (kWh)     consumption (kWh)      OH/(OH+WH) 
__________________________________________________________________________________________________________________________________________________________________________ 

AC and GPOs running 24h/d   FNQ1  7234  7442  0.49 
AC and GPOs running 24h/d   FNQ2  7179  8879  0.45 
ACs standby consumption, GPOs running 24h/d FNQ3  5492  7505  0.42 
ACs standby consumption, GPOs running 24h/d CA1    877  5477  0.14 
GPOs running 24h/d    CA2    746  4342  0.15 
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AccuRate is a standard model, used by government authorities, builders and architects throughout Australia to 
assess building thermal energy efficiency ratings for the Nationwide House Energy Rating Scheme (NatHERS). It 
can also be used to provide a theoretical estimate of how much electricity or gas is needed to heat and cool a 
building, though this is by no means its primary purpose and requires a careful definition of the assumptions made 
for the estimate.  

During the study we sought to determine whether AccuRate could be used to assess the energy efficiency 
improvements that might be made in the enterprise buildings and what key adjustments would be needed to convert 
it into a readily usable design tool for buildings in remote locations.  Key barriers were i) the lack of a temperature 
profile for the local environment, ii) the need to compensate for waste heat from commercial equipment and iii) the 
need to account for the forced ventilation that is a key factor in the design of thermally efficient buildings in 
northern Australia.  

Table 3  Simulated winter and summer AccuRate and measured air conditioner consumption values 

__________________________________________________________________________________________________________________________ 

            Winter consumption  FNQ1 FNQ2 FNQ3 CA1 
__________________________________________________________________________________________________________________________ 

             Measured (kWh)  2368 1033 1310   253 

             AccuRate - simulated (kWh)   853              1     25 1 heating 

             Waste heat - estimated (kWh)   665 1758 1144   624 

             Differential temperature error (%)   136     35   389   -97 

             Adjusted AccuRate values 1827 1759 1240   623 
 
__________________________________________________________________________________________________________________________ 

            Summer consumption   FNQ1 FNQ2 FNQ3 CA1 
__________________________________________________________________________________________________________________________ 

            Measured (kWh)  2786 4394 3651 1409 

            AccuRate - simulated (kWh) 2267 1326   766   297 

            Waste heat - estimated (kWh)   377 1668 1540   485 

            Differential temperature error (%)       143   109   204     75 

            Adjusted AccuRate values 3616 3118 3101   708 

 
AccuRate estimates for the electricity consumed by air conditioning appliances were compared with measured 

values in four of the six air conditioned buildings without compensating for environmental temperature 
discrepancies, waste heat or forced air flow. Two buildings that used resistive heaters, evaporative coolers and air 
conditioners that were defective, were excluded. Data for the summer shutdown periods were also excluded. 

Waste heat was estimated including sub-circuit loads such as computers and telecommunications equipment 
that were co-located with air conditioners in offices and show rooms. Appliances excluded from the waste heat 
estimate included air conditioners, bio-treatment plant and equipment located outside the buildings.  

Temperatures outside the buildings were 2oC to 5oC warmer than the values used by AccuRate, which are based 
on long term averages. The error between the AccuRate and measured values of differential temperature between 
the buildings interior and exterior environment were estimated to reflect the error in thermal load.  

Table 3 compares measured air conditioner consumption, the AccuRate estimate of air conditioner 
consumption, the estimate of waste heat, the estimate of the differential temperature error and a correction that 
approximately takes into account waste heat and temperature, but not leakage of waste heat from the building. The 
study indicated that AccuRate could be a useful tool for the design and assessment of thermally efficient enterprise 
buildings in remote Australia provided the following facilities were included: i) user input of thermal load 
parameters to account for occupancy and equipment ii) user input of local records for the external environment 
temperature and iii) an algorithm to calculate the benefit of forced ventilation at different times of the day or night. 

5. Conclusion   

This study determined that upgrading the design and construction of enterprise buildings and their appliances 
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would greatly lower electricity consumption and reduce workplace temperatures. The following actions were 
identified as likely to achieve significant benefits in cost saving and improved building temperature management. 

Electricity consumption savings of up to 40% could be made in some of the buildings investigated by assessing 
if appliances and equipment need to run or operate in standby mode outside working hours, and by the selection of 
more efficient appliances. Automated controllers could be used to switch off appliances where appropriate, and 
when purchasing new appliances care should be taken to consider standby power requirements as well as energy star 
rating. Where appliances run 24 hours a day there may be more cost effective alternatives. For example computer 
servers for managing enterprise web sites and data collection can consume a great deal of electricity outside working 
hours. It may be more economical to use an internet service provider to manage the web sites. Similarly message 
services from a communication service provider might be a cost effective substitute for a private branch exchange.  

Electricity could be saved and comfort improved in buildings with air conditioning by upgrading building 
design. Key upgrades include: insulating the walls and ceilings, reducing uncontrolled drafts, and using controlled 
forced ventilation outside working hours instead of air-conditioning in buildings with high thermal mass. If 
overnight controlled ventilation is used then it should be controlled to ensure that temperature and humidity 
constraints are met, particularly in rooms used for art work storage. 

The buildings without air conditioning were typically unoccupied for many hours/days from late spring to early 
autumn due to excessive apparent temperatures. It should be possible to reduce the temperature by as much as 
5−10°C and thereby increase the number of available working days. Complementary approaches to achieve this 
would include i) use trees and shrubs to provide shade and transpiration cooling together with forced ventilation, ii) 
install low emissivity foil to the underside of roofs to greatly reduce radiant heat, this would be particularly effective 
as the buildings had no ceilings, and iii) replace uninsulated skylights with high insulation translucent cellular or 
honeycomb polycarbonate units. The NatHERS residential rating tool AccuRate could be usefully adapted to assess 
the impact of such building design changes and to facilitate the design and rating of thermally efficient enterprise 
buildings in remote Australia.  

Electricity consumption in the Aboriginal corporation and art centres was frugal and no buildings were 
extravagantly heated or cooled. Fifty percent of the buildings studied had average apparent temperatures in late 
spring and summer that could rise to between 35oC and 42oC during the working day. This substantially restricted 
their use. The enterprise managers were highly motivated to reduce electricity consumption and to improve the 
thermal environment of their buildings. However, their efforts could be undermined by the thermal inefficiency of 
buildings, the energy consumption of appliances outside working hours and the lack of access to cost effective 
maintenance services.  Upgrades to the maintenance, design, construction and operating protocols of these enterprise 
buildings and their appliances would significantly lower electricity consumption and improve building temperature 
management while coping with climate challenges that are rarely encountered in Australian cities.   
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