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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 

Energy labelling for refrigerators in Australia has been in force for over 30 years. It is well documented that the label energy 
consumption of refrigerators and freezers has fallen dramatically over that period. While a number of studies have measured the 
energy consumption of refrigerating appliances in the field, the data is very complex and difficult to interpret. Field data 
measured in houses has constantly fluctuating room temperatures and is subject to somewhat random interactions with 
householders through door openings and the placement of food and drinks to be cooled. Another problem with field data is that 
household indoor temperatures are quite seasonal and significant periods of data are required to quantify these effects.  
 
This paper analyses the results of 21 refrigerator replacements that have occurred in Melbourne, Gippsland (Victoria) and Sydney 
over the past four years. Seven of the replacements were part of a Victorian State Government retrofit program that targeted the 
removal and replacement of older refrigerators with the best on the market. The remaining 14 appliances were replaced during 
routine monitoring by the author as part of his PhD field work at The University of Melbourne. The study is unique as high 
quality refrigerator energy and temperature data was broken down into 4 key components: temperature driven energy 
consumption, energy consumption from user interactions, base defrosting requirements and user driven defrosting requirements. 
This approach allows the old and new appliances to be directly compared when modelled under identical operating conditions 
giving a fair and robust comparison. The results are impressive, with average energy reductions of 60%, ranging from 30% to 
more than 80%, depending on the household circumstances and the old and new appliances. 
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1. Introduction 

Energy labelling of refrigerators commenced in the Australian states of NSW and Victoria in 1986, more than 30 
years ago. Since its introduction, the energy consumption declared on the energy label has fallen dramatically for all 
types of refrigerating appliances. The average sales weighted energy consumption of all new refrigerators and 
refrigerator-freezers has decreased 41.4% from 772 kWh/year on the label in 1993 to 453 kWh/year in 2014 [1]. 
This represents a 2.5% decline in energy per year over a 22 year period. This is despite a 23% increase in average 
volume over the same period. 

Despite the availability of excellent data on the characteristics of new products sold in Australia, surprisingly few 
studies have investigated or assessed the difference between the label energy consumption measured by the test 
procedure, which is measured in a hot room (32°C) with no user interactions, and the energy consumption measured 
during normal use in the home. One formal study by Choice in 1990 measured the energy in a lab and then in the 
home for two years on eight appliances [2]. Until recently, no other published studies compared in-use 
measurements with the energy label value. Normal use in Australia is of course highly variable ranging from 
tropical climates like Cairns and Darwin in the North to cool temperate climates like Victoria and Tasmania in the 
South, so such a comparison would need to take into account climate and a range of other factors.  

In 2014 and 2015 Sustainability Victoria (SV) undertook a program of targeted refrigerator replacements in seven 
homes in Melbourne. Households with older refrigerating appliances were recruited and these old appliances were 
replaced with new appliances that were close to the most efficient on the market. The appliances in each house were 
monitored for about six weeks before replacement and a further six to eight weeks after replacement. As part of his 
PhD research at The University of Melbourne, the author has monitored some 300 appliances in households all 
around Australia, typically for periods from six to 12 months. As part of this large sample, 14 of these sites replaced 
the refrigeration appliance during monitoring, allowing a comparison of energy consumption between old and new 
appliances in the same household. Unlike the Sustainability Victoria replacements, these routine replacements were 
undirected by the researcher and in most cases the householder selected the product using their own selection 
criteria. The periods monitored before replacement also varied considerably. 

2. Method 

Energy consumption of refrigeration appliances in the residential sector is notoriously complex and field data 
collected in homes can be very difficult to interpret. Refrigerators are an appliance where the energy consumption is 
substantially influenced by changes in room temperature. Most houses in Australia exhibit significant seasonal 
changes in indoor temperatures over the year. There are also changes in temperature from day to day and also by 
time of day, depending on weather and the operation of space conditioning equipment. A second factor is that user 
interactions induce significant additional energy consumption in refrigerating appliances. While this interaction does 
appear to have some broad pattern in terms of seasonality in most houses, in general terms, user interactions are 
highly variable from day to day.  

It is critical to have available high quality energy data collected in the field in order to disaggregate the energy 
consumption into its key components. Generally this requires energy data at one minute intervals (or equivalent) to 
allow the assessment of each compressor cycle and the separation of defrost and recovery events (where present). 
Associated room temperature data is also required. A report published by Sustainability Victoria [3] includes details 
of a new method developed by the author as part of his PhD research at The University of Melbourne to 
disaggregate refrigerator energy consumption into its components. The key elements of energy consumption, in 
order of their magnitude in a typical appliance, as quantified from analysis, are: 
 Energy consumption driven by room temperature 
 Energy consumption induced by user interactions such as door openings and the insertion of food loads 
 Defrosting energy, which itself can be split into a base defrosting requirement with little or no user interaction 

and additional defrosting energy induced by user interactions 
 Energy consumed by heaters that are affected by changes in room temperature conditions and user interactions. 
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Once the energy data has been disaggregated into these components, it is then possible to assess these 
components over a typical year to estimate the likely energy consumption in the home, even during short monitoring 
periods. A comprehensive analysis by Harrington [4] has developed a model of indoor temperatures in Australian 
homes based on outdoor temperatures. This used data from 273 sites in climates ranging from Gippsland and 
Melbourne in the South to Cairns in the North. The model was corroborated with data from CSIRO from 438 sites in 
Brisbane, Adelaide and Melbourne [5] measured over 18 months, noting that these were all newer homes. 

Review of many sites where data is available for long periods shows that energy induced by user interactions is 
quite seasonal in nature with the summer usage typically around 1.8 to 2.4 times the average winter usage [3]. This 
is of course somewhat dependent on household absences, which can occur at any time of the year, but appear to be 
quite common in summer (especially December and January). User interactions typically account for 5% to 35% of 
total energy consumption, with a figure of 15% being fairly typical. 

The majority of products in the Australian stock now have some sort of automatic defrost system. In terms of 
defrost control system, there are two main types. For older products, defrost intervals are controlled by a run-time 
controller, which initiates a defrost after a set amount of compressor running. Typical values range from 5 hours to 
12 hours, with 8 hours being fairly typical. Newer products tend to have variable defrost controllers, that use a range 
of parameters in addition to compressor run time (such as door openings, room temperature and defrost heater on 
time) to continually adjust and optimize the defrost interval using a computer algorithm. Overall defrost energy 
tends to be of the order of 10% of total energy consumption (ranges from 5% to 15%). 

Another issue to bear in mind is equivalence of the new and old appliances. For the SV replacements, the old and 
new appliances were mostly equivalent (similar size and function). One SV house downsized from a refrigerator-
freezer and a separate freezer to a single refrigerator-freezer. The other replacements were mostly equivalent, but in 
a few cases the new appliance was a bit larger and in one case the new appliance was smaller. Sometimes the type of 
appliance was changed, so this can also affect the energy savings and the validity of the direct comparison. These 
issues are covered in more detail in the full report [3]. 

2.1. Response to changes in room temperature 

Room air temperature is a critical parameter when estimating the energy consumption of a refrigerating 
appliance. When operating in equilibrium conditions (stable internal and external temperatures, no usage) almost all 
refrigerating appliances exhibit a regular and predictable pattern of compressor cycles. When analysed over whole 
compressor cycles (or across a repeating pattern of compressor cycles), this data provides a consistent and 
repeatable average power consumption that is characteristic of the specific appliance in that room air temperature. In 
a laboratory, it is possible to plot changes in the energy consumption (or steady state power consumption) as a 
function of room temperature. However, in a household, the room air temperature is continually changing and there 
is ongoing random user interaction with the appliance. To overcome this problem, the room temperature versus the 
average power per compressor cycle can be plotted as illustrated in Fig. 1. The lower edge of this scatter chart, as 
depicted by the red line, can be taken as the characteristic power consumption of the appliance in a given room 
temperature. Points that lie well above the line will be additional energy induced by user interactions. 

2.2. Changes in compartment temperatures 

While changes in compartment temperatures can have some impact on energy consumption of a refrigerator or 
freezer (up to several percent), these impacts are not explicitly modelled, but they are taken into account. Surveys of 
a large number of householders suggests that most users only change compartment temperature control settings 
infrequently, if ever. User survey data suggests that most temperature control changes are for fresh food 
compartments in refrigerator-freezers and laboratory data shows that these changes only have a small energy impact 
(around 1% to 2% per degree K) [6]. Given the narrow range of acceptable temperatures in the fresh food 
compartment, overall energy impacts of these control changes will be very modest. Details are set out in the full 
report [3]. 
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