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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.
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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 
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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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