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Executive Summary 
Reducing energy consumption and GHG emissions from 
buildings is a major challenge for the Australian 
Government. Since 2003, the Government has 
introduced energy efficiency of building shells through the 
National Construction Code. Australian states and 
territories encourage greater energy efficiency in 
construction as well as in building operation. The NSW 
government has introduced the Building Sustainability 
Index (BASIX) to tackle both building shell efficiency and 
reduction in operational energy and water consumption at 
the design stage.  

At present, building scale energy efficiency is often limited 
to the design stage; therefore, the post occupancy energy 
efficiency of dwellings rarely gets reported. Australian 
households receive quarterly energy bills; however, these 
bills, which show aggregated energy consumption, are 
not helpful in understanding the breakdown of energy 
usage that would inform changes to the energy 
consumption behaviour or develop strategies for energy 
savings.     

This pilot project was designed to address this gap in 
energy usage information through development of an 
integrated visualisation platform to allow households to 
explore their indoor comfort conditions, and disaggregate 
electricity consumption and water consumption at 
residential scale. The project recruited 19 dwellings 
located in the Greater Sydney Area (and one on the South 
Coast) where environmental sensors (temperature and 
humidity), electricity and water meters were installed 
which collected real-time data by leveraging the state-of-
the-art sensor technology, telecommunications and cloud 
computing.  

The visualisation tool is specifically targeted at informing 
households, of their real-time electricity and water 
consumption patterns. The tool uses simple graphical 

format to show electricity and water consumption, 
associated costs and GHG emissions. Dwellings with 
rooftop PV panels can see total energy generation, 
energy consumed at home and energy sold to the grid on 
an hourly basis.  

Generally, energy is used in dwellings is for maintaining 
thermal comfort, lighting, cooking, food storage, 
entertainment and hot water heating. Breakdown energy 
consumption for these items is tapped at the electrical 
distribution board for broad items such as, air conditioning 
(for heating and cooling), lighting, hot water and plug 
loads which caters all plug-in appliances such as, 
whitegoods and other portable appliances. Energy 
consumption for space heating and cooling in dwellings is 
often significant which is directly related to building design 
and construction; therefore, thermal comfort conditions 
are measured in different rooms/ zones and presented by 
using colours in building drawings.  

The visualisation tool can be instrumental to understand 
the environmental implications of energy and water 
consumption at household scale and identify 
opportunities to manage or reduce it where possible. 
Information generated through this project can also help 
inform government policies and influence development of 
energy efficiency programs. Built environment 
professionals (i.e. urban planners, architects and 
builders) and the construction industry can also benefit 
from such detailed post occupancy information obtained 
from the dwellings. Utility companies can also utilise the 
information collected at the household scale to better 
understand energy demand, water demand and water 
leakages. 

The project demonstrates the feasibility and usefulness of 
sensor technology and analytics to inform households of 
their energy and water consumption, and comfort 
conditions in easily accessible webpage format. 
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1. Introduction 
Globally, 36 percent of total energy consumption is 
consumed in the building sector (International Energy 
Agency 2019 a) and about half of it is consumed in the 
residential sector (International Energy Agency 2019 b). 
The residential sector in Australia consumed around 457 
PJ in 2015/16, which was equivalent to 11% of total final 
energy consumption (Commonwealth of Australia 2017). 
The Intergovernmental Panel on Climate Change  (2007) 
recommends cost effective measures to reduce GHG 
emissions from the residential sector which includes 
reducing embodied energy at the building construction 
stage, as well as reducing energy at the operational stage 
by promoting energy efficient design, low carbon fuels 
and the use of renewable energy sources.  

All levels of Australian Governments (i.e. Commonwealth, 
State and Local Councils) work together to improve 
energy efficiency of dwellings through policy and 
regulations. The Commonwealth Government introduced 
minimum requirements for building shell thermal 
performance in the National Construction Code 
(previously Building Code of Australia) for houses in 2003 
and for apartment buildings in 2005. The state of NSW 
introduced comprehensive legislation in 2004 to reduce 
energy (GHG emissions) and water consumption through 
the Building Sustainability Index (BASIX).  

However, tracking of household operational energy 
consumption is limited due to the absence of detailed 
energy consumption reporting and feedback mechanisms 
at individual dwelling level. Most of the households are 
relying on quarterly energy bills to understand the energy 
performance of their dwellings. The bill data presents 
aggregated energy consumption and compares quarterly 
energy consumption for indicative purpose only. In the 
absence of a breakdown of energy consumption data, 
householders find it difficult to understand the energy 
efficiency performance of services such as lighting, 
cooling, heating, plug loads and water heating.  

Therefore, at household level, people are not actively 
involved in achieving energy efficiency and are often 
hesitant to invest in energy efficient appliances as they do 
not see immediate feedback on performance 
improvements. In addition, households would not know if 
an aged or faulty appliance is consuming a huge amount 
of energy until they receive the energy bill.  Even after 
receiving a huge bill, households would never be able to 
pinpoint on the cause of such a drain on energy.  

Most of the energy monitoring systems currently used in 
dwellings are primarily focused on tracking the 
performance of the solar panels and inverter efficiency. 
These systems can also measure household electricity 
consumption and report both the electricity generation 
and consumption in real-time. Homeowners benefit from 
the real-time electricity consumption data, but it would 
have been more useful if information on other utilities 
such as, gas and water consumption and indoor 
environmental quality would have been provided through 
a single platform.  So far, the authors are not aware of the 
existence of such an integrated system in commercial 
domain.   

This project aims to develop an integrated real-time 
feedback mechanism to make households aware of their 
indoor comfort conditions, and (disaggregated) energy 
and water consumption along with their building 
information and occupancy profile. The project developed 
a prototype which integrates indoor thermal 
environmental conditions, and energy and water 
consumption at household scale using state-of-art 
electronic instruments, Internet of Things (IoT) and a 
tailored web-based visualisation portal. Householders 
can access the visualisation portal of this tool using a 
password protected unique user ID. The portal allows 
households to access real-time (hourly) data on electricity 
consumption for various services (e.g. lighting, plug 
loads, air conditioning, pool pump and hot water system) 
and on-site renewable (solar) energy generation. The 
portal also shows thermal environmental conditions in 
different rooms/ zones and compares them with the 
outdoors. The households are also provided with real-
time total household water consumption via town supply. 

2. Real-time monitoring of energy 
consumption, indoor comfort condition 
and water consumption   

2.1. Energy consumption 
Many Australian dwellings are being gradually upgraded 
to smart electricity meters which are owned and managed 
by energy suppliers, primarily for supply-side 
management. Households are often refrained from 
accessing their data for real-time demand-side 
management or to incorporate energy optimising 
activities. There is growing evidence that real-time 
feedback of electricity consumption in residences can 
help households to reduce electricity consumption 
(Seligman and Darley 1977, Darby 2006, Holmes 2007, 
Hargreaves, Nye et al. 2010, Vine, Buys et al. 2013, 
Geelen, Mugge et al. 2019). Homes (2007) argues that 
energy consumption information can be effective in 
promoting energy conservation behaviour too. 
Furthermore, Darby (2006) recommends that household 
electricity consumption reduction in the range of 5 to 20 
percent can be achieved with tailored energy 
consumption information provided in real-time at 
appliance level.  

Appliance level energy monitoring is often too difficult to 
manage as there will be numerous appliances powered 
through general purpose power outlets (GPOs). 
Moreover, the cost of monitoring becomes unaffordable 
to monitor each GPO and it is hard to keep a log of 
connected appliances to inform households on their 
energy consumption. Alternatively, a simplified approach 
can be adopted to monitor energy consumption at service 
level such as lighting, water heating or maintaining 
thermal comfort. Service level energy consumption 
information can be more useful to the households in 
managing and optimising energy use. It can also be used 
to evaluate the effectiveness of energy efficiency 
regulations, such as BASIX in NSW.   
 



RP1042: Energy and indoor climate visualisation to encourage households for low carbon living 

 
8 

 

2.2. Indoor comfort 
Building design and construction methods can help 
maintain thermal comfort without using too much energy 
for space heating and cooling. However, poor design and 
construction can result in additional energy being 
consumed to maintain indoor thermal comfort. Personal 
preference and lifestyle patterns of households can also 
contribute to significant differences in space heating and 
cooling energy consumption.  

Building energy simulation tools often use building 
information, thermal comfort models and assumed 
behavioural models to estimate heating and cooling 
loads. Most often actual comfort conditions and the 
corresponding energy consumption to maintain thermal 
comfort are not synchronously monitored to understand 
space heating and cooling behaviour.  Monitoring indoor 
thermal comfort in different rooms or zones in a dwelling 
can help households understand temperature variations 
in different rooms due to factors such as their location 
(first floor, ground floor) and orientation. 

2.3. Water consumption 
Water consumption in the residential sector has been 
decreasing due to measures like BASIX in NSW and 
educational (Water Wise) initiatives. However, a 

significant amount of water is lost due to leakage from the 
water supply network, which has increased in recent 
years (Sydney Water 2018). Water leakage in dwellings 
not only puts pressure on the water supply network but 
also leads to mould growth and structural damage. Most 
often, households are unaware of their actual water 
consumption pattern and therefore unable to develop 
water conservation strategies at household scale. Recent 
studies demonstrated the usefulness of real-time 
feedback of water consumption in total water demand 
reductions, as well as in making people aware of their 
water consumption pattern  (Sønderlund, Smith et al. 
2014, Yang, Yang et al. 2017).  

3. Participants recruitment 
The project recruited 19 participants, comprised of pre-
BASIX (built before 2004) and BASIX affected (approved 
and built after 2004) dwellings, from Greater Sydney Area 
and Shoalhaven. 15 participants had pre-installed energy 
monitoring systems in their dwellings and new monitoring 
systems were installed in four participating dwellings. Due 
to the limited budget, 13 dwellings were installed with 
electricity and indoor environmental monitoring systems, 
two dwellings with electricity, indoor environmental and 
water monitoring systems and remaining four with only 
electricity monitoring systems.

  

Figure 1. Participating dwellings located in Greater Sydney Area and Shoalhaven. Red dots represent pre-BASIX dwellings and Blue dots 
represent BASIX affected dwellings. Zoomed image of the Greater Sydney Area on the inset (A).  

A 

A 



RP1042: Energy and indoor climate visualisation to encourage households for low carbon living 

 
9 

 

4. An integrated platform for utility 
monitoring - VIHEW 

The Visualisation of Indoor comfort and Household 
Energy and Water Consumption (VIHEW) is a cloud 
platform that collects temperature and humidity data, 
electricity and water meter readings using electronic 
sensors/ meters in participating dwellings. The platform 
stores and analyses the data to generate graphics to 
inform households’ indoor environmental conditions, 
electricity and water consumption patterns. It also informs 
the households’ real-time comfort conditions in various 
rooms and provides suggestions for achieving thermal 
comfort based on outdoor environmental conditions. 

Figure 2 presents a flow chart of data collection, 
processing and visualisation. Electricity meters, 
temperature and humidity sensors and water monitoring 
systems were installed in the participating dwellings. The 
meters and sensors collect data and send to a web server 
at 15-minute to 1-hour intervals. At this stage, a gas flow 
monitoring system has not been installed; therefore, 
participants are requested to send their gas consumption 
data quarterly. Similarly, the households are also 
requested to send their quarterly water consumption data 
where water monitoring systems haven’t been installed 
yet.   

Multi-stage data analyses are performed on the collected 
energy, water consumption, indoor temperature and 
humidity data in the cloud prior to displaying the results in 
the dashboard.  

4.1. Data analysis and presentation   
Temperature and humidity measurements are taken 
every 15 minutes. These readings are converted to 
comfort conditions and presented on the floor plan of the 
participating dwellings.  

The electricity consumption data is collected at 1-minute 
and 5-minutes interval from two different monitoring 
systems installed in the dwellings. Hourly electricity 
consumption data for different services are presented as 
a stacked graph in the dashboard.  

The water monitoring system counts a pulse for each litre 
of water flowing through the main meter and sends the 
data to the web server at an hourly interval. The data is 
aggregated every hour and is presented under ‘so far 
today’ to show that day’s consumption up to the time a 
user accesses the dashboard.  

Gas and water consumption data obtained by the 
participating households are only used to calculate GHG 
emission and water reductions from their respective NSW 
benchmarks. 

 

 

 

Figure 2. The flow chart illustrates data collection, processing and information visualisation process   

Temperature and humidity 
monitoring at various rooms + 

outdoors 

Households can visualise snapshot of 
hourly update or detailed information 
for daily/ monthly and yearly 
consumption  

Web server 

Electricity monitoring at 
distribution board 

Water monitoring at the main 
water meter 

Hourly data upload to FTP server/ 15-
min. interval data retrieval through API 

Hourly data retrieval through API 15-min. interval data retrieval through API 

Data analysis at the cloud 

Information visualisation and 
presentation 

Utility (Electricity, Gas and 
Water) tariff  Comfort algorithms  

Refreshed every 15 min to 
capture updated information    

Based on outdoor environmental 
conditions, recommendations are 
made to achieve indoor thermal 
comfort for each measured room/ 
space   

Gas consumption data  

(Quarterly bill data obtained 
from households) 

Water consumption data  

(Quarterly bill data obtained 
from households) 
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4.2. The website - Dashboard
The VIHEW platform can be accessed using the web 
address www.ysense.tech. It requires individual 
participants to use their user IDs and passwords to 
access the platform. Once the users are logged in, they 
can see a dashboard which provides a quick glimpse of 
the current comfort conditions at 15-min intervals and 
energy and water usage on an hourly basis. A snapshot 
of the dashboard is presented in Figure 3.  

Comfort conditions for each room are presented on the 
left-hand side of the dashboard; energy consumption 
pattern and associated costs, and water consumption 
information are on the right-hand side of the dashboard. 
At the top right-hand side, various tabs are provided to 
navigate to the detailed pages for ‘Comfort’, ‘Energy’ and 
‘Water’. The users can also explore ‘Analytics’ which 
presents summary of energy and water consumption 
based on dwelling floor area and household occupancy. 
The ‘Setting’ tab allows the user to update gas and water 
consumption bill data, and update occupancy data if there 
is any change in the household occupancy.   

Comfort 

Indoor comfort conditions for each room (with 
temperature and humidity sensors installed) are 
presented with colours in the house plan. Green 
represents comfortable condition; whereas different 
shades of red and blue represent discomfort from being 
too hot or too cold. This information is processed every 15 
minutes and refreshed automatically in the webpage. If 
the rooms are too hot or too cold, suggestions are 
provided at the bottom of the page to improve the thermal 
environmental conditions by passive or active methods 
based on outdoor environmental conditions.  

Energy usage 

The electricity consumption information is presented in 
two graphs. The first is a horizontal bar graph which 
displays the cost incurred for different services in the 
dwelling (e.g. air conditioning, lighting, power etc). The 
second bar chart displays the electricity consumed by 
different services on stacked columns for each hour for 
the day. A summary of ‘so far today’ and yesterday’s total 
energy consumption together with costs are presented for 
comparison. The cost is calculated using households’ 
electricity tariff and does not include fixed daily service 
charges. Based on the past hourly energy consumption 
(for the day), predicted electricity consumption and 
associated cost are calculated. Furthermore, cost 
comparison is presented in relation to the previous day’s 
energy consumption. A positive value means the 
household would consume less energy on the day than 
the previous day and will have some savings. This 
information is also presented as a percentage with a 
green arrow for saving and red arrow for extra 
consumption (and additional costs) compared to the 
previous day. 

Water usage 

The water usage section displays two pieces of 
information; total water consumed on the previous day 
and ‘so far today’ with associated costs.  

The ‘More’ button provided at the end of each section 
opens another webpage with detailed information for the 
selected section. Alternatively, the detailed information 
section for comfort, energy and water can also be 
navigated by using the menu on the top right corner of the 
dashboard.  

 

Figure 3. VIHEW dashboard presents real-time information on indoor comfort and, electricity and water consumption 

http://www.ysense.tech/
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4.3. Comfort 
The comfort page provides additional information on the 
household comfort conditions. The default format displays 
hourly comfort conditions for all rooms/ zones where 
temperature and humidity sensors are installed for the 
selected date. The comfort condition is derived using 
temperature and humidity data averaged over the hour 
(Upadhyay 2018). The user can change the day by using 
the right/left arrows located on the top right corner of the 
menu. The D option is for hourly display for a Day. A 
particular day can also be selected using the calendar 
near the menu; < and > icons let the users navigate a day 
before or the next day from current day. 

Figure 4 presents a snapshot of comfort conditions from 
a participating dwelling where four sensors are installed – 

three inside the house and one outside. The heatmap 
shows that it was slightly cold outside in the early hours 
of the day; however, it was comfortable indoors until 2 
PM. Rooms 1 and 2 became too hot from 3 PM onwards 
for nine hours, even when the outdoor condition was 
comfortable.  

The energy consumption pattern for air conditioning is 
presented along with the comfort heatmap to show the 
relationship between comfort conditions and use of air 
conditioner. The chart below shows that the householders 
did not use their air conditioner even when the rooms 
were slightly too hot. The small amount of hourly power 
consumption for air conditioner is associated with the 
power to keep the system on standby mode. 

 

 

Figure 4. Visualisation of detailed hourly indoor comfort conditions and corresponding air conditioner energy consumption for the 
selected day 

 

The comfort data can also be visualised in weekly format 
for the whole year using W button (Figure 5). Different 
comfort conditions are represented by varying sizes of 
squares based on hourly occurrences of comfort 
conditions for each week. The larger square refers to the 

more prevalent condition. Users can move mouse cursor 
next to the squares to check the number of hours in a 
week when a particular room/ zone falls into that comfort 
condition. Users can use ‘select room’ option to visualise 
comfort condition for different rooms/ zones.  
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Figure 5. Visualisation of detailed weekly indoor comfort conditions and corresponding air conditioner energy consumption for the 
selected year 

The monthly (M) option allows users to explore hourly 
comfort conditions for a selected room/ zone on a daily 
basis for the selected month (Figure 6). The bottom bar 
graph shows the amount of energy consumed by air 

conditioner to maintain thermal comfort for each day. 
Figure 6 shows that for more than 20 days in January 
2019, the dwelling consumed a large amount of energy 
(i.e. >10 kWh/ day) to cool the house.

 

Figure 6. Visualisation of detailed daily indoor comfort conditions and corresponding air conditioner energy consumption for the selected 
month 
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The yearly option (Y) allows a user to visualise the hourly 
comfort conditions presented on a weekly basis (Figure 
7). This graph can quickly inform hourly comfort 
conditions represented by different colours on a weekly 
basis. According to Figure 7, the living room was too hot 
during the first 15 weeks of 2018, particularly from late 
morning to the night. It became comfortable for the next 
few weeks - weeks 16 to 19. Gradually, the living area 
became colder from early morning until mid-day until it 
was too cold for most of the time from weeks 22 to 36. 
There was a short period of mostly comfortable 

environmental conditions before approaching the warm 
conditions towards the end of the year.  

The bar chart in Figure 7 presents electricity consumption 
from air conditioners on a weekly basis. Despite using a 
significant amount (536 kWh) of energy trying to warm the 
house, the living room remained cold during winter (wk22 
to wk36). Similarly, a significant amount of energy (541 
kWh) was consumed for space cooling to maintain 
thermal comfort at the start and towards the end of 2018. 

 

Figure 7. Visualisation of detailed weekly indoor comfort conditions and corresponding energy consumption by the air conditioner for the 
selected year 

(Note: comfort conditions were not reported from week 43 to the middle of week 46 due to missing temperature and humidity data)  
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4.4. Energy 
This section presents the amount of electricity consumed, 
solar energy generated (if any) or consumed (based on 
metering arrangements), and the associated costs. 
Similar to the earlier section on comfort, this section 
allows users to visualise the consolidated usage/cost for 
every hour, day, month and year. A user can select the 
options and navigate to different dates/months/years to 
explore electricity consumption patterns.  

The energy section webpage can be accessed by either 
clicking the Energy tab on the top menu or ‘More’ button 
at the bottom of the energy section in the dashboard.  

Figure 8 illustrates the default energy page which shows 
daily energy consumption/ generation on an hourly basis. 
The default view (D option) displays the hourly electricity 
consumption profile for the selected day. A user can 
navigate to a day either by using the calendar or < and > 
options to navigate to previous and next days. 

 

 

This section provides the following additional information:  

• Average energy consumption: Based on the data 
selection period, the average value is determined; 
i.e. it shows an average hourly energy consumption 
if a daily option is selected. 

• GHG emission: GHG emission due to electricity is 
shown for the selected period. Negative value 
represents carbon positive for the selected period. In 
Figure 8, a green carbon positive (CO+) badge 
represents that the solar generation in this dwelling 
has surpassed the daily energy consumption. 

• Earnings from solar generation: This section 
calculates total solar energy generation and dollar 
value of solar energy exported to the grid and solar 
energy used at home. In Figure 8, this dwelling 
consumed $1.67 equivalent electricity at home and 
$2.09 equivalent energy was sold to the grid.  

 

 

 

Figure 8. Daily electricity usage information shows hourly energy consumption for various services and also cost associated with each 
service item 

  

Weekly energy consumption can be visualised using the 
W option from the menu (Figure 9). A well-established 
convention has been adopted to determine a week. The 
week starts from Monday and ends on Sunday. The 
weekly option presents seven days’ daily total energy 
consumption/ generation as shown in Figure 9.  

The bottom bar graph informs electricity costs associated 
with each service item for the selected week. In the 

weekly selection, it compares electricity consumption with 
the previous week; informs if there is savings compared 
to the previous week.  

In this selection, the ‘Average’ reports daily average 
electricity consumption for the selected week. A user can 
also see the status of carbon emission for the selected 
week. It also reports total solar energy generated during 
the week and compares it with the previous week.
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Figure 9. Weekly electricity usage information 
 

Monthly energy consumption can be visualised using the 
M option from the menu (Figure 10). The monthly energy 
usage option displays daily energy consumption by 
different services for the selected month. This option 
helps a user to compare variation in electricity 
consumption on a daily basis. The bottom bar graph 
shows the total monthly cost of electricity consumed in the 
selected month. In Figure 10, it shows that $6.70 was 
spent on air-conditioning even though it wasn’t turned on 
in that month. This cost is associated with standby power 
consumption of the air-conditioning system in this 

dwelling. Plug loads consumed the highest amount of 
energy which costs $73.60.   

In monthly selection, the average usage reports the daily 
average electricity consumption for the selected month. 
This dwelling saved $23.5 (i.e. 19% less) in April 
compared to March. The dwelling consumed less 
electricity than energy generated at the site (solar 
generation) and therefore, received green badge for the 
selected month.

 

 

Figure 10. Monthly electricity usage information 
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Similarly, yearly electricity consumption can be navigated 
using the Y option from the menu (Figure 11). The yearly 
energy usage option displays monthly energy used by 
different circuits for the selected year. Figure 11 shows 
the use of air conditioner for around 6 months (Dec to Feb 
and Jun to Aug) in 2017. The cost associated with space 
heating and cooling was $825 for the selected year. This 

dwelling was carbon positive in 2017, it generated 658 
kWh more electricity through PV panels than its total 
electricity consumption. Energy generated through PV 
panels offset $474 equivalent of energy consumed at 
home and $683 equivalent energy sold to the grid. In 
2017, this dwelling consumed 592 kWh/ month.  

 

 

Figure 11. Yearly electricity usage information 
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4.5. Water  
The water section presents hourly water consumption and 
associated costs. The design of the page follows the 
energy section, and allows the user to view the 
consolidated water usage and associated cost for every 
hour, day, month and year.  

User can navigate to this webpage by clicking the Water 
option from the top menu. The default water page shows 
hourly water consumption for the day (Figure 12). The 
graph shows hourly water consumption, summaries for 
the selected period and a comparison with the previous 
period. 

In this section, an average water consumption reference 
is provided based on the household occupancy which is 
represented by the blue bar. Sydney Water estimates 295 
litres of water consumption per person per day (Sydney 
Water 2019). The green bar is calculated using actual 
water consumption of the household and presented along 
with the standard (average) water consumption of a 
Sydney household with the same number of occupants.   

In Figure 12, this household consumed only 61% of the 
total water consumed by an average Sydney household 

for the selected date. If the household exceeds water 
consumption when compared to the Sydney Water’s 
reference figure, the green bar turns into red. It also 
indicates the amount of overuse in percentage. The black 
line on the chart indicates 80% mark as a reference target 
encouraging households to reduce water consumption.  

This section presents water consumption and costs for 
the previous period, average usage of the selected 
period, water saving compared to the previous period and 
water leakage, if any. The average figure in this case 
(Figure 12) is average water used per hour for the day 
which is 19 L/hr. Water leakage detection algorithm is 
developed to notify the household along with the leakage 
amount. For this day, there was no water leakage 
detected in this house. 

The default view (D option) displays the hourly data for 
the selected day. Users can navigate to a day either by 
using the calendar or navigating < and > options for 
previous and next periods. Leakage status is displayed 
for the daily option only.

 

 

Figure 12. Daily water usage 
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The users can aggregate the data for a week using the W 
option from the menu (Figure 13). The weekly water 
usage option displays daily water used by the house for 
the selected week. Similar to the other sections, the week 
starts from Monday and ends on Sunday. This section 

displays weekly aggregated water consumption and 
associated costs. This dwelling (Figure 13) consumed 
60% less water than the Sydney Water average for the 
selected week. The average daily water consumption was 
288 litre which was 41% less than the previous week.  

 

 

Figure 13. Weekly water usage 

 

The users can aggregate the data for a month using the 
M option from the menu (Figure 14). The monthly water 
usage option displays daily water consumption for the 
selected month. Aggregated calculations on the costs and 
comparison are for the month. Average usage refers to 
daily average use for the selected month. In Figure 14, 

the dwelling consumed 367 L/day with the highest water 
consumption around 800 L/day for four days in April. 
Savings represents the cost difference between the 
previous month and the selected month. This figure is not 
useful for this dwelling as the monitoring system was 
installed in mid-March.  

 

 

Figure 14. Monthly water usage 
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Yearly water consumption can be accessed using the Y 
option from the menu (Figure 14). The yearly energy 
usage option displays monthly water used by the house 
for the selected year. Aggregated calculations on the 

costs and comparison are for the year. The monthly 
average illustrated in Figure 15 is not representative for 
this dwelling as we installed the water monitoring system 
in mid-March.  

 

 

Figure 15. Yearly water usage 
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4.6. Settings 
There is minimal additional data required to carry out 
analytics in the VIHEW platform. However, some of the 
information is critical to calculate total energy 
consumption, cost associated with the energy and water 
consumption and household occupancy profile (if there is 
a change).  

At this stage, real-time monitoring of gas use has not been 
integrated in the tool. Therefore, it relies on gas 
consumption figures supplied by the households. With the 
availability of both electricity and gas consumption data 

and household occupancy, the VIHEW tool can calculate 
performance in terms of GHG emissions reduction on a 
yearly basis.  

The settings page can be accessed by using the Settings 
button from the top menu. The users can see their 
previous submission of historical data (Figure 16) and 
submit energy bill data, tariffs or change in occupancy 
profile for a specific period to the administrator for 
updating their accounts (Figure 17). 

Figure 16. Settings page 

 

Figure 17. Billing data submission form 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



RP1042: Energy and indoor climate visualisation to encourage households for low carbon living 

 
21 

 

4.7. Analytics 
 

The analytics page can be navigated through the 
Analytics tab of the dashboard. The analytics take 
monitored data, user inputs (bill data, occupancy data) 
and BASIX estimates for the BASIX affected dwellings. In 
this section, energy and water consumption data is further 
analysed and compared with regulatory standards such 
as BASIX score in NSW. The analytics page has three 
tabs: Summary, Energy and Water.  

In the Summary tab (Figure 18), users can find 
information on yearly energy (electricity and gas) and 
water consumption, electricity generated through rooftop 
PV panels, per capita GHG emissions, per capita water 
consumption and carbon neutral days (if any). 
Furthermore, the users can also find total GHG 
emissions, number of carbon positive days (using 
electricity), BASIX scores for energy and water and 
measured GHG emissions reductions and water 
consumption reductions from the BASIX benchmark 
figures.   

The total GHG emissions is calculated by taking total 
electricity and gas usage. The dwellings with PV panels 
offset GHG emissions produced by grid electricity. 
Carbon positive days are the sum of the individual carbon 
positive days for the selected year.  In this example 
(Figure 18), the dwelling was carbon positive for 129 days 
in 2018. This dwelling achieved 71% GHG emission 
reductions compared to the BASIX benchmark GHG 
emission figure (i.e. 3,292 kg CO2-e/person/year). This 

dwelling exceeds the BASIX score by over 30% and is 
therefore highlighted with a green background indicating 
positive contribution to the environment. Actual water 
consumption data for this dwelling was not available; 
however, the BASIX score for water is presented in the 
summary page.  

The summary page compares energy performance of the 
dwelling with its BASIX estimates and also with averages 
of other monitored dwellings (based on building type – 
single or double storey). For the comparison, floor area-
based energy consumption for various services (i.e. 
lighting, plug loads and cooking, heating, and cooling) are 
considered (Figure 18). The example dwelling consumed 
slightly higher energy than the BASIX estimates for the 
selected year. This dwelling demonstrated significant 
discrepancy for lighting, heating and cooling energy 
consumption. It consumed around 60% less than the 
BASIX estimates for lighting, and more than 200% 
additional energy for space heating and cooling 
(combined) than the BASIX estimates. Plug load energy 
consumption was almost the same as the BASIX 
estimates.  

The analytics also informs households whether they are 
better off or worse off with flat or time of use tariffs. This 
dwelling is better off without time of use tariff as it 
consumed significant energy during the peak period.  

 

 

Figure 18. Analysis of energy, water consumption, GHG emissions and comparing service level electricity consumption with the BASIX 
estimates and with other participating dwellings. 

The second analytics option, Energy, presents electricity 
consumption/ generation patterns on an hourly basis for 
a selected month or a year. This analysis helps 
households to identify energy consumption patterns for a 

selected month/ year. Detailed understanding of the 
energy consumption pattern is provided through 
individual graphs, prepared for each service item; i.e. 
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heating/ cooling (using air-conditioner), lighting, plug 
loads (including cooking) and solar generation.    

Figure 19 presents hourly energy consumption/ 
generation data for the warm season (December 2018). 
In December, the air conditioner was used for 142 hours, 
mostly from 12 PM to 5 PM. This dwelling utilised the 
energy generated from PV panels during the day to run 
the air conditioner.  

Energy used by lighting demonstrates that either some of 
the lights were kept on or something else (e.g. ceiling 
fans) was turned on during the daytime. However, the 
energy consumption dropped significantly after 9 PM until 
5 AM. Plug load (including cooking) energy consumption 
peaked around evening, which coincided with dinner 
preparation time. Plug load energy consumption also 
dropped after 9 PM until 4 AM. 

Figure 19. Analysis of electricity consumption/ generation in warm season (December) 
 
Figure 20 illustrates the energy consumption pattern in 
cool season (Jul 2017). The air conditioner was used for 
space heating for 122 hours, mostly in the late afternoons 
and evenings. In the cool season, the households did not 
fully utilise the electricity generated through PV panels as 

winter heating demand was in the morning or after the sun 
set. Overall, winter energy consumption was higher than 
summer in this dwelling. Lighting and plug load energy 
consumption patterns were similar in both seasons.   

Figure 20. Analysis of electricity consumption/ generation in cool season (July) 
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The yearly tab allows the users to visualise energy 
consumption for space conditioning (heating and cooling 
separately) and other services for a complete year (Figure 
21). Energy used by air-conditioner is separated in three 
categories; i.e. cooling (during warm period), heating 
(during cool period) and combined heating and cooling 
(during mostly comfortable period).  

This dwelling used the air conditioner in cooling mode for 
497 hours for 16 weeks (wk 47 to wk 10) and consumed 
1058 kWh. Heating hours were slightly higher (i.e. 526 
hrs) than cooling which was required for 19 weeks (wk 18 

to wk 36). Heating energy consumption was 1515 kWh 
which is almost 50% higher than the cooling energy 
consumption. Use of air conditioner during intermediate 
periods; i.e. between warm and cool periods (17 weeks) 
was 157 hours, mostly around late afternoon/ evening 
time. Standby energy consumption was significant (26% 
of the total) during the mostly comfortable period.  

Lighting and plug load energy consumption patterns were 
similar to the monthly patterns. Plug loads (including 
cooking) contribute to the highest energy consumption in 
this dwelling.  

 

Figure 21. Analysis of electricity consumption/ generation for a year 

 
The third analytics option, Water, presents water 
consumption patterns at hourly basis for a selected month 
or a year. Figure 22 shows monthly (May) water 
consumption from one of the participating dwellings. This 
dwelling consumed more water during the afternoons and 

the evenings. Average water consumption in the 
mornings (7 AM to 10 AM) was around 20 L/hr; whereas, 
it was around 70 L/hr in the evenings (5 PM until 9 PM). 
Water leakage was detected in this dwelling for 9 days 
and 2,168 L water leaked in May 2019.  

 

 

Figure 22. Analysis of water consumption 
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5. Utilisation of VIHEW tool  
The VIHEW tool is an integrated platform to visualise 
indoor comfort and household energy and water 
consumption in real-time. The tool can be useful not only 
to the households but also to evaluate and inform 
government policies. The information can also be useful 
to the building industry and the utility companies.  

5.1. Government policies 
In NSW, BASIX requires the new dwellings to reduce 
GHG emissions by up to 50% (based on climate zones 
and building types) and water consumption by up to 40% 
from the 2002 benchmark. This tool has the potential to 
evaluate and demonstrate GHG emissions and water 
consumption reductions at post occupancy stage. Any 
discrepancies between BASIX estimates and actual 
consumption for both energy (and GHG emissions) and 
water can then be further analysed, and information 
provided to the individual participants and BASIX 
administrators to examine the factors influencing 
discrepancies.  

This tool can also help government agencies to identify 
potential areas for implementing energy efficiency 
initiatives and behavioural change programs to 
encourage households towards low carbon living.  

5.2. Building industry  
Detailed energy consumption data can help building 
designers, developers and builders to understand if there 

are potential issues with design and/ or construction 
quality which contribute to increased space heating and 
cooling energy consumption. For example, the tool allows 
comparing the comfort conditions in different rooms to 
identify design and construction issues. If a room facing 
west with a large window (unshaded) shows high level of 
discomfort in the afternoon, but a room facing south 
remains comfortable, the measured comfort data would 
allow a designer or builder to understand the 
consequence of having an unshaded large window to the 
west.  

5.3. Utility companies  
Utility companies (energy and water) can also benefit 
from the VIHEW tool. Electricity suppliers can utilise the 
breakdown of energy consumption to accurately estimate 
energy demand at household scale or at precinct/ 
neighbourhood scale.  

At this stage, water management companies collect water 
data at distribution network level and household scale 
water use pattern is often unknown to them. This platform 
not only helps them to inform water consumption patterns 
but also helps identify water leakages (if any). Information 
on water leakage at residential level is important as it 
contributes to significant water loss from the network. 
Without a water monitoring system, it is hard to quantify 
water leakages from dwellings, thus it helps in stopping 
leakages. 
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