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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 

Reducing carbon emissions within the residential sector plays an important role in meeting carbon reduction targets. Low-carbon 
homes or homes with very high-energy efficiency ratings aim to decrease residential carbon emissions by reducing overall energy 
demand and increasing reliance on low-carbon energy sources. Numerous assessment and rating tools are available to motivate 
investment in low-carbon homes. However, the demand for low-carbon products and homes has been lower than anticipated. 
This study explored householders’ notions of home comfort and energy efficiency, as well as construction specialists’ 
perceptions about the market for low-carbon products and homes to investigate how such a market could be enhanced. The study 
collected data though four phases. Phase 1 and 2 explored householders’ views through focus groups (n=107) and a household 
telephone survey (n=866). Phase 3 explored construction specialists’ views through an online specialist survey (n=492) and 
phase 4 included an online experimental study (n=2008) to test message frames promoting low-carbon homes to potential home 
buyers. Overall, telephone survey participants expressed high levels of interest in energy efficient homes and homes with lower 
running costs. Phase 1 and 2 data also showed that the notion of home energy efficiency constructed by householders is heavily 
based on technological aspects, such as energy efficient appliances and/or renewable energy sources, which are closely related to 
the economic (i.e. saving energy costs) or environmental (i.e. reducing carbon emissions) benefits of energy efficiency. However, 
the same data indicated that energy efficient features such as airflow and ventilation, appropriate indoor temperatures and natural 
light are closely related to householders’ notion of home comfort, suggesting that the market for energy efficient homes could be 
enhanced by making the link between energy efficiency and home comfort more evident. This concept was tested through a 
message framing survey, which confirmed that messages embedded with the notion of energy efficiency in the context of home 
comfort were more effective in increasing the perceived benefits of low-carbon homes than standard messages that simply listed 
energy features. Implications of these findings for enhancing the uptake of low-carbon homes are discussed. 
 

 

 
* Corresponding author. Tel.: +61 7 3833 5799 

E-mail address: Lygia.romanach@csiro.au 

 

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 

Low-carbon homes, thermal comfort and household practices: 
Uplifting the energy-efficiency discourse 

Lygia Romanacha*; Zoe Levistonb , Talia Jeanneretc and John Gardnera 
aCSIRO, Ecosciences Precinct, 41 Boggo Road, Dutton Park, QLD 4102 Australia  

bCSIRO, Underwood Avenue, Floreat, WA 6014 Australia cCSIRO, 1 Technology Court, Pullenvale, QLD 4069 Australia 

Abstract 

Reducing carbon emissions within the residential sector plays an important role in meeting carbon reduction targets. Low-carbon 
homes or homes with very high-energy efficiency ratings aim to decrease residential carbon emissions by reducing overall energy 
demand and increasing reliance on low-carbon energy sources. Numerous assessment and rating tools are available to motivate 
investment in low-carbon homes. However, the demand for low-carbon products and homes has been lower than anticipated. 
This study explored householders’ notions of home comfort and energy efficiency, as well as construction specialists’ 
perceptions about the market for low-carbon products and homes to investigate how such a market could be enhanced. The study 
collected data though four phases. Phase 1 and 2 explored householders’ views through focus groups (n=107) and a household 
telephone survey (n=866). Phase 3 explored construction specialists’ views through an online specialist survey (n=492) and 
phase 4 included an online experimental study (n=2008) to test message frames promoting low-carbon homes to potential home 
buyers. Overall, telephone survey participants expressed high levels of interest in energy efficient homes and homes with lower 
running costs. Phase 1 and 2 data also showed that the notion of home energy efficiency constructed by householders is heavily 
based on technological aspects, such as energy efficient appliances and/or renewable energy sources, which are closely related to 
the economic (i.e. saving energy costs) or environmental (i.e. reducing carbon emissions) benefits of energy efficiency. However, 
the same data indicated that energy efficient features such as airflow and ventilation, appropriate indoor temperatures and natural 
light are closely related to householders’ notion of home comfort, suggesting that the market for energy efficient homes could be 
enhanced by making the link between energy efficiency and home comfort more evident. This concept was tested through a 
message framing survey, which confirmed that messages embedded with the notion of energy efficiency in the context of home 
comfort were more effective in increasing the perceived benefits of low-carbon homes than standard messages that simply listed 
energy features. Implications of these findings for enhancing the uptake of low-carbon homes are discussed. 
 

 

 
* Corresponding author. Tel.: +61 7 3833 5799 

E-mail address: Lygia.romanach@csiro.au 

2 Romanach et al. / Energy Procedia 00 (2017) 000–000 

© 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. 

Keywords: energy efficiency; thermal comfort; low-carbon homes 

1. Introduction 

It is well known that reducing carbon emissions within the residential sector plays an important part in meeting 
carbon reduction targets [1]. Low-carbon homes† can help decrease residential energy demand by achieving thermal 
comfort through passive heating and/or cooling and through energy efficient technology such as energy efficient 
appliances and lighting. Low carbon homes aim to improve the reliance on low-carbon energy sources through the 
installation of solar hot water heaters and solar PV panels for electricity generation. However, despite numerous 
assessment and rating tools available to householders and construction specialists to motivate investment in low-
carbon homes, the demand for low-carbon products and homes in Australia is still low [2].   

Improving thermal comfort is one of the main drivers of home renovations [3]. Thermal comfort can be achieved 
by low-energy (e.g. natural ventilation and/or fans) or high-energy (e.g. air-conditioning) demand solutions, 
however the use of high-energy demand heating and cooling systems is among the largest contributors to residential 
energy consumption, accounting for around 40% of energy consumption in Australian households [4]. In addition, 
high-energy demand cooling and heating systems not only increase overall residential demand but also peak 
demand, thus impacting grid infrastructure and consequently forcing energy costs upward [5]. Despite the negative 
impact of high-demand energy systems on both carbon emissions and energy costs, Australian householders are 
increasingly resorting to high-energy demand solutions to achieve thermal comfort. For example, the proportion of 
Australian households with a cooler in use (either a refrigerated air conditioner or an evaporative cooler) increased 
from 59% in 2005 to 73% in 2011 [6]. While the adoption of high-energy consumption technologies such as air-
conditioners provides a straightforward solution in homes that have low thermal efficiency, it both escalates and 
normalises high-energy consumption [5]. Therefore, improvement of homes’ thermal efficiency through solutions 
that facilitate the reliance on low-energy solutions (with lower energy demand and operational costs) is an important 
step towards reducing residential energy consumption.  

To further understand households’ perceptions of low-carbon homes and products, we conducted a multi-phase 
study to explore householders’ notions of home comfort and energy efficiency, as well as construction specialists’ 
perceptions about the market for low-carbon products and homes, with a view towards better understanding how this 
market could be enhanced. The aim of this paper is to present a summary of the main findings of the overall study, 
starting with the methodology used in each phase of the study followed by a summary of the main results for each 
phase. Detailed findings for each phase are available in the study reports [7-11]. This paper concludes with a 
discussion of overall findings. 

2. Methodology 

As shown in Table 1, this study employed a multi-stage and multi-method approach, employing both qualitative 
and quantitative data collection methods to investigate how Australian householders and construction specialists 
perceive low-carbon homes. Using a combination of focus groups, surveys (online and telephone) and an online 
survey-experiment, the study was able to explore and validate the range of views unveiled. A total of 3,473 
participants were sampled across Australia between September 2014 and October 2015. To gather the views of 
different consumer groups, the study engaged home renters, homeowners and home investors to investigate 

 

 
† In order to adopt a common language in the discussion of low energy residential development, the term ‘low-carbon homes’ is used throughout 
this paper to refer to homes with very high energy-efficiency ratings that aim to decrease residential carbon emissions by decreasing overall 
energy demand and increasing the reliance on low-carbon energy sources. 
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