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Abstract

Australian natural gas prices are projected to increase 30-50% by 2030, leaving
many residential consumers with higher cooking and heating expenses. The
Alternative Technology Association (ATA) recognized this impending increase and
is seeking ways for consumers to reduce the costs of cooking and heating. ATA is
creating a financial model to determine the cost of energy for consumers in the
future. Our goal was to assist ATA in informing consumers of cost efficient cooking
and heating appliances. For their model, we determined initial and consumption
costs of each of three electric appliances: cooktops, hot water heat pumps, and
reverse cycle air conditioners. Through a series of fact sheets, we suggested how
different households could save money on their energy bills.
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Executive Summary

Australian residential consumers use natural gas and electricity as sources of
energy to run their cooking and heating appliances. Currently, a commonly used
source of energy for home cooking and heating is natural gas. To consumer’s
dismay, natural gas prices are predicted to increase as the Australian east coast
begins exporting gas (Chambers, 2013). In the last 15 years, natural gas prices have
increased 140% to about 4 dollars per gigajoule and forecasts predict that prices
will increase 30-50% by 2030, making natural gas less affordable for residential
consumers (ABS, 2013). When natural gas prices rise, consumers will need a more
affordable source of energy to power their cooking and heating appliances.

The Alternative Technology Association (ATA) is a consumer advocacy
organization trying to provide consumers with more information about how to save
money on home energy bills by using more energy efficient appliances and energy
sources. ATA researched the alternative of electric appliances instead of gas
appliances to save money and increase energy efficiency. ATA was interested in the
function of three electric cooking and heating appliances because they
accommodate the highest percentage of consumer energy bills: hot water heat
pumps, reverse cycle split system air conditioners, and cooktops. To support a goal
of ATA’s, understanding and informing consumers of what options are available to
them and what is affordable, we assisted their efforts to analyze the affordability

and reliability of natural gas and electricity for household energy consumers.

Methodology

The goal of our project was to assist the Alternative Technology Association’s
efforts to inform residential energy consumers of the most cost efficient form of
energy for the use of cooktops, heat pumps, and split system air conditioners.
Determining the most cost efficient form of energy was important because it aimed
to help residential consumers save money on energy costs. The following objectives

were accomplished to meet our goal:
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1. Compiled current natural gas and electricity pricing along with existing long-
term forecasts of supply, demand, and price projections in the residential
sector of Australia.

2. Characterized standard natural gas and electric cooktop, heat pump, and split
system air conditioner costs as they apply to initial investment, operation
cost, and asset life for household use.

3. Examined specific cooktop, heat pump, and split system air conditioner
appliance model performances based on climate and energy efficiency.

4. Used the compilation of project data and ATA’s “Round Arm Swing Model” to
create fact sheets that inform consumers about the most affordable form of
household energy.

Our first three objectives focused on gathering data for ATA’s “Gas Project
Model” to evaluate the exact costs consumers would pay for gas and electricity.
Current residential natural gas and electricity prices, current appliance costs and
capabilities, and current natural gas price projections were compiled for ATA’s
model. The current natural gas and electricity prices were found through each of
the organizations that distribute energy. The appliance costs and prices were found
through a series of consumer reviews on websites such as Choice.com. After
gathering a list of popular appliances, research was done to find the coefficients of
performance and functionality of the appliances in different climates. Natural gas
price projections were gathered from a series of presentations at the PIAC Gas
Master class. At the master class, our team was able to gain an understanding of
Australia’s energy market and understand what will happen to gas prices if
Australia decides to export more of its natural gas. All of the data provided to ATA
served as inputs for their “Gas Project Model.” With these inputs, ATA determined
the choices consumers should make about whether to convert from gas to electric
appliances and how to save money on energy bills.

In order to accomplish objective four, we created a series of fact sheets catering
to ten different audiences. The first fact sheet described what is going on in the

current energy market to inform consumers of gas price increases. Three fact sheets



described each of the three cooking and heating appliances: cooktops, heat pumps,
and split system air conditioners. Prices, installation advice, and benefits of
switching to the electric appliances were indicated in these three fact sheets. Six
more fact sheets were described for homeowners in certain situations, such as
consumers building new homes. With consultation from ATA’s modeling specialist
and liaison of our project, we determined a series of messages to convey to

consumers in the fact sheets.

Results and Discussion

Our results are divided into two parts, “Part 1: Gathering data for fact sheets”
and “Part 2: Creating fact sheets.” Part 1 included current gas and electricity prices
throughout Queensland, New South Wales, Victoria, Tasmania, and South Australia.
Part 1 also included current natural gas and electricity price forecasts. Through
research, we discovered that residential energy consumers should expect a $40-170
increase in their annual gas bills. Residents living in Victoria will experience the
highest increase in gas prices because most Australian gas consumption resides in
Victoria (Jones, 2014).

We have found that the electricity market has faced price increases over the
past decade, however electricity will be a successful alternative to gas in the future.
By comparing the coefficient of performance of electric and gas appliances,
electricity have proved to be 3-4 times more efficient than gas (Power knot, 2014).

Overall, we found three main reasons that electricity is a viable option for
residents wanting to convert from household natural gas usage. First, we found that
electricity is able to meet peak demand, meaning there is more than enough energy
to generate and provide to residents (Hughson, 2014). Second, there is also an
instantaneous match of supply and demand within the market (Hughson, 2014).
Third, electricity is connected to most premises across Australia (AER, 2013). Our
findings have allowed ATA to put useful tariff and projection data into their model in
the hopes of determining which form of household energy will be the most

affordable in the future. However, energy prices are not the only determinant of
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whether or not gas or electricity is the best option for most consumers. A large
contribution to determine affordability and reliability is the efficiency of appliances.

To determine the efficiency of gas and electric appliances the coefficient of
performance was found. The coefficient of performance relates the energy output to
the energy input. After researching both gas and electric appliances for cooking,
heating water, and heating spaces, we found that electric appliances are more
efficient over time. For all home cooking and heating, space heating uses 45%, water
heating uses 25%, and cooking uses 2-4% of total household energy. For space and
water heating, electric heat pumps are significantly more efficient than gas heaters.
Electric heat pumps typically have coefficients of performance of 3-5 and gas
heaters have coefficients of performance of only 0.8-0.9. Based on the percentage of
use of household energy, we found that when replacing appliances, consumers
should first replace their space heaters, then water heaters, and lastly, cooktops.

After finding gas and electricity prices, projections, and appliances for ATA’s
model, we created fact sheets. The fact sheets provided suggestions and
considerations that consumers should know about converting from gas to
electricity. We consulted our liaison and ATA’s modeling expert to determine what
each audience should be told. Using their knowledge we created ten audiences that
the fact sheets would target. Each audience was provided with personalized
conversion information, conveying the most cost-efficient energy source and
conversion plan to suit them. Using the messages determined by the ATA liaison,
ATA modeler, and WPI team, we created informative and aesthetically pleasing fact
sheets.
Conclusions and Recommendations

Upon the completion of this project, we identified five recommendations for
ATA. Using these recommendations and suggestions could improve ATA’s study and
provide more accurate data. ATA will be able to help consumers save more money
on their energy bills and provide adequate guidance about converting from gas to
electric appliances.

The first recommendation involved gas and electricity tariffs. We

recommend that ATA account for elasticity of demand in their models. Just as there
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are methods to forecast energy prices, there are methods to forecast the value of the
dollar. Although our project group is unfamiliar with the specifics of economic
modeling, we can draw the importance of this recommendation and a conclusion
stating that ATA’s modeling would me more accurate if elasticity of demand was
taken into account. If this is done, ATA could better understand how the energy
price forecasts directly affects residential energy consumers.

Our second recommendation dealt with climate zones. We recommend that
ATA look into the approach taken by the 2012 Pitt & Sherry report, Running Costs
and Operational Performance of Residential Heat Pumps (Ford, 2012). Using this
report, they should analyze how the different climates across Australia showed
different temperature and weather patterns. This is important because it will help
ATA synthesize their data and provide accurate representations of appliance
performance across the different climate zones in Australia.

The next recommendation that we generated involved appliances. We
recommend to ATA that they clearly define all the model scenario parameters by
focusing on specific brand name appliance models that can be identified for use in
specific household types. If this is done, ATA may be able to find a way to reduce the
number of assumptions that are made about appliance conversion scenarios. It is
very important to reduce the amount of assumptions in a research study and
modeling effort because the model will then produce more accurate data.

Next, we identified a recommendation regarding consumer appliance usage.
We recommend that ATA gather a larger sample size and create a logbook for
consumers to use. This logbook would allow consumers to record how long and at
what intensity they use their appliances. ATA would then use the logbooks as input
for their economic models to provide more accurate results. We concluded that the
sample size increase and logbooks are so important because it helps eliminate the
amount of assumptions throughout ATA’s research and modeling efforts.

The fifth recommendation that we have identified for ATA involves fact
sheets. We believe that the fact sheets that we created have very useful information
on them, however they can be improved with more accurate data from ATA’s “Gas

Project Model”. We recommend that ATA look at the modeled scenarios from their
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financial model and provide more specific information to the audiences specified on
the fact sheets. We concluded that this is important to ATA, as well as the
consumers, because with conclusive data and information on the fact sheets,
consumers can take the recommendations from ATA based on accurate projections
of the gas and electricity markets.

With these five recommendations, there will be more accurate information
conveyed to residential energy consumers considering a household energy
conversion. ATA will therefore better their efforts in informing consumers of the

most cost effective form of household energy.
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Chapter 1: Introduction

Consumers throughout the world need affordable and reliable forms of
household energy. Energy is essential to meet the heating and cooking needs of
household residents in developed countries. However, the energy costs of important
sources such as natural gas and electricity fluctuate, challenging consumers to find
the most affordable source of energy. Market forces such as export demands,
political policy, and global conflict can cause drastic price changes in common
energy sources (CUAC, 2013).

Natural gas and electricity are common energy sources that compete to
control the residential energy market (Energy, 2014). Although they are common
sources, their prices are not always low. As electricity and natural gas supplies and
markets evolve, future energy prices for both natural gas and electricity may
influence homeowners in different countries to evaluate their type of current
household energy. For example, as the wholesale price of natural gas begins to
increase, retail prices for natural gas may become too expensive for many
residential consumers (Carter, 2014).

This natural gas price increase is currently projected to occur in the east
coast residential sector of Australia. According to the International Energy Agency,
over two-thirds of the global natural gas investment is in Australia (Ward, 2013).
Due to recent discoveries of extremely large natural gas reservoirs, Australia is
projected to overtake Qatar to become the world’s largest exporter of natural gas as
soon as 2017 (Evans-Pritchard, 2013). Australia plans to export a large amount of
their domestic natural gas supply, leaving a lower amount of domestic natural gas
for local residents. Energy market analysts predict a significant increase in natural
gas prices when Australia begins exporting natural gas (Chambers, 2013). In the last
15 years, natural gas prices have increased 140% to about 4 dollars per gigajoule
and forecasts predict that prices will increase 30-50% by 2030, making natural gas

less affordable for residential consumers (ABS, 2013).



Although wholesale prices of natural gas are important to observe in the
market, the increase in retail prices will greatly affect the residential sector of
Australia. Residents may see significant price increases in their energy bills (Grattan
Institute, 2013). Because of the natural gas price increase, homeowners may seek
electricity as an alternative form of energy to power their household appliances. In
Australia, 99.9% of homes are connected to the electricity network (ABS, 2010).
Therefore, the stage is set for dual-fuel households to convert their natural gas
consuming appliances with highly energy efficient electric alternatives to heat
spaces, heat water, and cook food.

The misconception that has been recognized by consumer advocacy
organizations in Australia is the conventional thought of many residents that natural
gas is the cheapest and most reliable source of residential energy. Although this
thought has been valid since the 1970’s, natural gas price forecasts are now showing
large increases in price (CUAC, 2013). With the east coast market seeking to export a
large amount of their domestic supply, there may be gas shortages in a few states,
namely New South Wales, by 2018 (AGL, 2014). Along with the gas market, the
electricity market shows prices are falling, and the efficiency of electric appliances is
increasing (Powerknot, 2014).

In determining electricity as an affordable and reliable source of household
energy, consumer advocacy organizations, such as The Alternative Technology
Association (ATA), have begun to advocate information to consumers about a more
cost effective energy source than natural gas to heat spaces, heat water and cook
food. ATA recognized that consumers might not know the most affordable source of
household energy and appliances. Therefore, this organization plans to use their
economic “Gas Project Model” to quantify the monetary costs and savings of dual-
fuel households converting to strictly electric appliances.

To support one of ATA’s goals of understanding and informing consumers of
what options are available to them and what is affordable to them, we assisted their
efforts to analyze the affordability and reliability of natural gas and electricity for
household energy consumers. Our contribution helped ATA communicate informed

decision making options to consumers. ATA provided residents with accurate,



evidence-based suggestions regarding energy and appliance options for
homeowners to make cost effective energy choices. We first analyzed and
interpreted the long-term price forecasts of the natural gas and electricity markets
to understand what the prices may be by 2030. Then, we compared the
performance and affordability of natural gas and electric appliances used to heat
space, heat water, and cook food. This information is assisting ATA’s larger
modeling project in determining whether natural gas or electricity is the most cost
effective option for household uses and applications. Our gathered information was
input for the “Gas Project Model” by taking into account the initial cost, installation
cost, maintenance cost, and continuous usage cost of three different appliance types:
hot water heat pumps, split system, reverse cycle air conditioners and induction
cooktops. Once the affordability and performance statistics were provided as model
inputs, a series of informational materials were created to communicate the data to
consumers. The informational materials, consisting of fact sheets, spread sheets and
a magazine article in ATA’s ReNew Magazine provided consumers with knowledge
about which appliances and energy sources were cost effective. ATA will distribute
this information to consumers and inform them of affordable and reliable sources of
residential energy in order to save money. With the completion of this project, we
gave ATA knowledge to inform consumers and support their own energy advocacy

efforts.



Chapter 2: Background

This chapter focuses on the general aspects surrounding the current and
forecasted natural gas and electricity markets in Australia. The current availability
of energy supplies and the residential demand for energy in households across
Australia are presented as data and analyzed. After the presentation of current
energy supply and demand, the factors that influence fluctuations in demand will be
highlighted. This chapter also explains how different appliances, household
characteristics, and climate can affect the affordability of natural gas or electricity as

a household energy that are used to heat homes, heat water, and cook food.

2.1 Current supply and demand of natural gas and electricity in Australia
According to the Australian Bureau of Statistics (ABS), natural gas and

electricity are the two main household energy sources in Australia (ABS, 2013), as
shown in Figure 1. Other sources such as liquid petroleum gas (LPG) and solar
energy are used as residential energy, but are insignificant for an evaluation of
major household energy sources due to their low usage when compared to
electricity and natural gas. The natural reserves of gas in Australia are some of the
largest in the world. As a result of resource availability, natural gas and electricity
continue to compete as household energy sources. This section further evaluates the
current supply and demand of natural gas and electricity in Australia by observing
gas as an available commodity, electricity as a current supply, the distribution of

both energy types, and the total residential energy demand in Australia.

2.1.1 Residential energy demand in Australia
Household energy consumption varies throughout different states in

Australia. The major energy options for most residents are electricity, gas, bottled
gas, and solar power. Figure 1 illustrates the type and amount of residential energy

used across Australia as a whole (ABS, 2012).
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Figure 1: Energy usage in Australian households

The figure shows both electricity and natural gas are in high demand based
on their usage. As seen in Figure 1, electricity is the most used energy source in
homes. Although this data may seem dated, as energy consumption has shown
significant changes in the last two years, electricity still remains as the highest
consumed household energy option (CUAC, 2013).

Electricity is generated from a number of other energy sources. Around 89% of
Australia’s electricity is generated from fossil fuels, while the remaining 11% is
generated from renewable sources such as hydropower, wind power and solar
power (Origin, 2014). Electricity is currently the most used residential energy
supply throughout Australia. Almost all (99.9%) of homes use electricity as part of
their home energy use (ABS, 2010).

A major difference between the graph sho