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Abstract

This thesis explores ways of improving the abifdy households to manage their
consumption of electricity, in the context of in@seng concerns regarding global
warming, and ever-growing demands for electricitige thesis first explores the
understanding of power and energy concepts andiameships, to establish

whether poor understanding of these concepts affembple’s ability to be aware
of and manage their consumption. It then, givent th@ing informed is an

important contributor to awareness, proceeds tdoexphe effectiveness of two
different styles of energy visualisation in the lomumerical detail, and a more

abstract representation.

The results demonstrated that participants hadnéell understanding of the
relationship between the power and energy. Thesstal relationship between
participants’ understanding and their ability tonmage energy consumption in
their home was a positive weak correlation. Pgodéicts believed that the abstract
representation was more useful and clear than timeerical representation in
visualizing home energy consumption in both studiesrepresenting power
consumption in home, using an abstract meter waéerbthan using a digital

visualization meter because of the clarity of repregation and attractive display.
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1 Introduction

This thesis describes a study of potential power emergy displays in the
home. Increase in demand for electricity and rdladsues such as energy
consumption impacts on the environment, increasel@ctricity price,
misunderstanding of the concept of power and enargy energy waste
have become global issues. Awareness of energyucgi®n is
considered to be a significant factor in attemptsetiuce or temper our use
of energy. All these issues will be discussed itaitlen the following

report followed by some possible solutions.

1.1 Energy consumption impact on the environment:

Energy conservation has become the main concerrsdintists and
researchers because of the overuse of environmesalirces. A large
amount of energy demand is met globally by usingsifofuels such as
gas and coal and this is threatening the envirohrbepnause of large
greenhouse gas emission throughout the world. K{&04) reported
that “the world will need almost 60% more energy2080 than in 2002,
and fossil fuels will still meet most of its needgara. 1). In fact, using
fossil fuels will bring a negative impact to the veonments by
increasing carbon dioxide and methane; carbon d&»emission is
considered as the main cause of global warmingpledor the Ethical
Treatment of Animals, 2012). The highest percentafggreenhouse gas

emissions is contributed by carbon dioxide emissigose, 2012).

Human activities are considered as being the maimce of increasing
carbon dioxide emissions in modern societies. Usiagters at home,
cooking, and using lights; all these activitiesg/reh energy which makes
it one of the causes of carbon dioxide emissiomsliee power stations
are run using oil and burning coal. Another causearbon dioxide

emissions is the industrial sector (Public BroatiogsService, 2008: see
Figure 1.1). In addition, 41 percent of all carldioxide emissions are
caused by generating electricity in the United &afUnited States
Environmental Protection Agency [USEPA], 2011).



Sources of World’s
CO2 Emissions

ENERGY
SUPPLY

h TRANSPORT
WAGSTE AND

WASTEWATER £°1% o4 RESIDENTIAL AND

m COMMERCIAL
BUILDINGS
FORESTRY

INDUSTRY

AGRICULTURE

Figure 1.1: Sources of world’s CO2 emissions
(Reproduced from Public Broadcasting
Service, 2008)

Among 27 of the Organizations for Economic Co-opera and
Development (OECD) countries, New Zealand was iftle fiighest for
greenhouse emissions per person in 2005 (MinistrytHe Environment
[MfE], 2009: see Figure 1.2).
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Figure 1.2: Total greenhouse gas emissions peop@ans2005
(Reproduced from MfE, 2009).

In 2007, 41 percent of energy in New Zealand wasegged by using
coal and gas, which was the main cause for theeaser in greenhouse
gas emissions. Hence, due to growth in industnisiresses, electricity
production played a major role in increasing theeeghouse gas

emissions by about 91 percent from 1990 to 2007 ifftrease in
2



greenhouse gas emissions could predictably ris& pgrcent between
2005 and 2015 (Climate Change Information New Zehla2011).

Lockhart (2012) indicated that “almost 65% of eryedglivered comes
from fossil fuels. Added to that is the fact thasdil fuels are used to
produce about 30% of our electricity and biomasssed for 9.5% of

energy” (para. 2: see Table 1.1).

Table 1.1: Energy use in New Zealand in 2002 (Reyred
from Lockhart, 2012).

Fued type Fusel usa enntfmh@[ﬂ enargy ¥ e oy » gl’lg:ﬂ
Biomass Heat Davices: 46.35 16.68 40.3%

Toital 46,35 16.68 40.3% 9.5%
Electricity Electronicae/Lights: 1589 5.05 T A%

Heat Davices: 5777 41.53 .9%

Mators: 4532 41.22 91.0%

Total 11698 £8.69 71.5% 24.4%
Fossil Fual Heal Devices: 9649 51.23 53.1%
(Non-Transpoet)  Meolors: 16 0.4 25.0%

Transport: 21.42 2.79 13.0%

Total 119.51 hd 42 45.5% 24 5%
Fossil Faal Transpor: 1596.21 25,84 14.7%
{Transgort) Total 196.21 28.84 14.7% 40.3%
Geothermal Heat Davices: 6.0 575 95.5%

Tatal 6,02 5.75 45.5% 12%
Grand total Tatal 487 07 196.4 A0.3% 100.0%

Electricity is considered to be the backbone ofitluistrial, commercial
and residential sector to continue meeting humadsesuch as lighting,
heating, cooking and others. The estimation oftetgty consumption in
2008 by this sector was that 44 percent of eneocgpsumption went to
the industrial sector, followed by 32 percent fbe tresidential sector.
The remaining electricity consumption was by thenoeercial sector.
However, this estimation included all industry sestunder one energy
consumption proportion which was 44 percent. Dividthis proportion
among other industry sectors such as agricultu@ody fishing and
others, the result was that the highest estimaifoenergy consumption
went to the residential sector (Powerco, n.d.). Vinaistry of Economic
Development [MED] (2011a) stated that residentiatter in 2010
consumed 34 percent of New Zealand’s total elettricsage, followed
by approximately 23 percent consumed by the comalemector.
Agriculture, forestry and fishing consumed abouf fercent of all
electricity consumption in New Zealand (see Figui.



Residential 34.2%
® Commercial (including Transport) 23.4%
® Basic Metals 17.3%
® Wood, Pulp, Paper and Printing 8.4%
Other Industrial 6,5%
® Food Processing 5.6%
® Agriculture, Forestry, and Fishing 4.7%

Figure 1.3: Electricity consumption by sector il@{Reproduced from
MED, 2011a).

Electrical devices in houses contributed to 34.2ceg@ of the total
electricity consumption in New Zealand in 2010. sTkwas distributed
between heating water, cooking, lighting and oth@fater heaters were
the major utility in the houses that consumed tigidst electricity, 26
percent; the second utility was miscellaneous wimciuded TV, radio,
mobile and others, consuming 22 percent; followgdlB percent for
heating. Lighting consumed 12 percent electricityhile cooking
consumed 7 percent. The rest of electricity congiompvas distributed
between Refrigeration, Clothes dryers, Towel raaeksl Dishwashers
(Powerco, n.d.)Efficient Home Energy Saving (2011) stated that¥25
of our utility bill goes to lights and home apples. Here, we should

focus on the sensible use of lights and electrofpa. 11).
1.2 Energy demand:

Energy demand is one of the main problems whicle liecome a global
issue. Rye (2009) stated that energy will be of ahethe top ten
problems facing people in the next five decadexoBXobil (2012a)
predicted the increase in the energy demand bet@6&0 and 2040,
globally, would be 30 percent. ExxonMobil (2012#8castated that the
large demand for energy comes from residential iaddstrial sectors
and specifically in electricity. Electricity is ceidered to be the quicker
energy source that is increased annually amonglajee@ countries
owing to growth in population and rise in indudtsactors. Birol (2004)

stated that “Electricity demand growth is strongeést developing



countries, where demand will climb by over 4% perary over the

projection period, more than tripling by 2030” (par).

In general, most of the countries will face an @ase in the population
throughout 2040 and this rise will differ from ooeuntry to another. The
main growth is expected to happen in India and &hixxonMobil
(2012a) indicated that “every region will see ainetease in households
through 2040, but growth will be particularly stgpim Africa, China,
India and Latin America” (p.11). This growth willesult in more
requirements for energy specifically in two sectorssidential and

commercial.

The continuous growth in the number of householidiglay an essential
role in increasing energy demand. In 2006, theelstrgower consumers
of New Zealand energy were households, consumingp8fcent,

distributed between petrol and electricity (StatsstNew Zealand, 2008).
However, the demand for energy in New Zealand heen babnormal
compared to other countries in the last few yedmlevision New

Zealand (2009) indicated that the annual growtkerargy demand is by
2 percent. This increase is quicker than the standawer usage in the
world. Additionally, the Ministry of Economic Dewgbment [MED]

(2011b) stated that, to meet the growth among eessd the demand for

electricity will have increased by 25 percent irB20

Figure 1.4 below details the information abouttital annual electricity
consumption in New Zealand from 2000 to 2011. Tihfermation is

represented in kilowatt-hours and excludes elattriost in transmission
and distribution processes. There was a steadadser in electricity
consumption overall. The total energy consumptioictfiated between
2000 and 2003 (Index Mundi, 2012a).
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Figure 1.4: Electricity consumption in New ZealdR&produced from Index
Mundi, 2012a).

On a personal level, Figure 1.5 shows the elettriconsumption in

kilowatts-hours per person in New Zealand from 1860009. Although

there was a stable rise in electricity consumppen capita, this rise in

electricity consumption decreased slightly afted2@World Bank, 2012).

Electricity consumption per capita

10,000
Hew Zealand

8,000
6,000
4,000

2,000

0
1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2009

1960" © " g6’ gro’ 0 975’ T qggo’ T qges’ T Cqga0” 7 ‘qsdst T ‘ago’ T 2o0s” ]
Data from World Bank  Last updated: Mar 30, 2012

Figure 1.5: Electricity consumption per capita ieviNZealand (Reproduced
from World Bank, 2012).

Although electricity demand is considered a probianmany countries

around the world, some countries have been alienibtheir electricity

demand. United Kingdom is one of these countriggeyTwere able to
diminish their demand in 2009. According to Sea@&09) “household
demand has also declined — by 2% — but that wastaueild weather

rather than economic reasons” (para. 2).



Electricity consumption in United Kingdom is illuated in Figure 1.6. It
can be seen that the electricity consumption rehdtsepeak in 2008,
while the lowest electricity consumption was in Q0& approximately
330 billion kWh. Further since 2009, there has baeslight decline in

electricity consumption (Index Mundi, 2012b).

Electricity - consumption (billion kWh)
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Figure 1.6: Electricity consumption in UK (Reproéddrom Index
Mundi, 2012b).

Not only increase in population has affected thexteicity demand but
also climate change is another factor that hasasad the demand for
electricity indirectly, specifically in New Zealanth winter, households
need more electricity for heating and lighting &ef their houses warm;
while, in summer, the demand for electricity is ueeld owing to mild
weather and its coinciding with industrial and coenamal holidays
(Climate Change Office, 2003). According to Gasped Blohm (2011)
“Climate change can influence energy systems bgcaffg demand
either through reduced heating needs or increasalthg needs” (p. 9).

1.3 Electricity price:

The reorganisation of the electricity sector in 99rought about a
decrease in the price of electricity because of paiition between the
three generation companies: Meridian Energy, MigRityer Power and
Genesis Power. Nevertheless, the price dramatitatieased in 2002
and since that time the electricity price has fhatéd from year to year
(Statistics New Zealand, n.d.). At the present tihmiseholds are facing

7



increases in the electricity price. Mighty Riverwar (2012) indicated
that “electricity prices will rise by an average 5f8% for Mercury
Energy’s residential customers from 1 April 201@a¥a. 1). Additionally,
this increase in electricity price will continue tiinall projects in
electricity fields are achieved by 2015 (Radio Nésaland News, 2012).

1.4 Electricity company feedback:

Most of the electricity companies (Meridian Enerlyiighty River Power
and Genesis Power) provide monthly information abelectricity

consumption via an electricity bill. This resultsa lack of information
about electricity feedback for households on tk&sctricity consumption.
The energy bill provides inadequate monthly feedbfxx households
(Weiss, Mattern, Graml, Staake, & Fleisch, 20099thRand Brodrick
(2008) stated that “current utility billing practs greatly limit the
feedback that most households receive on theiggramsumption. That
is, they only receive monthly utility bills that munarize their energy

expenditures and consumption for the prior mongh136).
1.5 Energy conservation:

People can reduce their energy bill through undadihg the difference
between demand and consumption (Baltimore Gas &udrie Company,
2012). However, the general lack of understandihghe difference
between power and energy has led to wasting mogeyd consumer.
For example, households might leave some lightfoorthe whole day
and night because of the lower rate of power copsiem. This leads to
an increase in the electricity bill because of tansusage of electricity
and rise in energy demand.

In fact, some people find difficulty in distinguisly between power and
energy. People often think power and energy ardasinidirca, Calik and
Akdeniz (2008) report that “Some students think #raergy can be seen
by naked eye or microscope. However, energy isbatract notion; thus,
to see it by the naked eye is impossible. Sombaarhtassert that energy

is described as power or force” (p. 87).



1.6 Proposed Solutions:

Some policies and solutions have been undertakdimibincreases in
greenhouse gas emission, under the New Zealandsiomss Trading

Scheme when it was regulated in 2008 (GreenspaeeZdaland, 2010).
Particularly, the policy asked energy and induktsectors to provide
information about their greenhouse gas emissiotastirey from 2010.

Climate Change Information New Zealand (2009) statieat “The

stationary energy and industrial processes sewatiireave obligations to
surrender units in respect of their emissions flodanuary 2010” (para.
2).

Most of energy sector depends on renewable en@&sgpurces, such as
hydropower, geothermal and wind power, for genegaglectricity. All
these resources are used to generate about 7hpefcHlew Zealand
electricity now. And about 90 percent of electsicwill be generated
from renewable resources by 2025 as one of theggrstrategies in the
future (Energy Management Association of New Ze#laR009). In
addition, the government of New Zealand supportd promotes the
investment in energy renewable resources. MightseRPower (2011)
stated that:

In the past five years, Mighty River Power has sted more than
$1billion into renewable energy project [wind anebthermal], and
over 90% of our current generation capacity is froemewable
generation sources. Scaling up the ETS as currgidigned will
provide the right incentive for continued renewaldectricity
development, demand management through consumangrand

other positive energy responses. (p. 1)

Replacing the old electricity meter by a smart mege one of the
available solutions in industrial sector now angragimately 1.3 million
homes are estimated to have this meter in 2012 mat extra cost to
consumers in New Zealand (Deuchrass, 2009). P8tlacker (2011)
reported that “Contact Energy announced this mdwhit would roll out
smart meters to 150,000 North Island customersnbaalready installed

60,000 in Christchurch” (para. 5). In addition, (@) smart meters have
9



been installed around New Zealand in 2009 by Ve@ompany. This
brings massive benefits to the company such as ore estimated bills
and also enables the company to control the metmotely (Vector,
2009).

1.7 Research Aim:

The volume of information on electricity consumptio the homes is not
accessible to the households and this limits theséloold’s ability to
know where the most electricity is consumed inrthemes. In addition,
households might not even know how much electriedgh appliance is
using for operation. Since some appliances neadga lamount of power
to run compared to the other appliances, and teeswse unaware of the
consumption power of different appliances, they ney using more
electricity than they realise.

With the passage of time and increasing numbessfds that relates to
household electricity consumption, such as short@fgenvironmental
resources, energy demand, increase in electricitge pand rise in
greenhouse gas emission, this information has becoore essential for
all households. Thus, employing technologies whih hielp of computers
and mobiles can provide information on their dadgnsumption of
electricity to the households and make them awérthair electricity

usage.
This study aims to find answers to the followingegtions:

1.How well do people understand the relationship ketwpower and
energy?

2.Does an understanding of this relationship realkiyter?

3.What is the vital information that people need,ttall both
enlighten them and allow them to make informed slens?

4.How precisely does this information need to be desd or
displayed? Do the precise numbers matter? Are adtstr
visualisations more useful and acceptable tharldétanes?

10



1.8 Thesis outline:
The report is structured as flows:

Chapter 2 of this report explores the previous aede on residential
energy monitoring and display. Chapter 3 examinederstanding the
relationship between power and energy, and in @naptthe design of
power and energy visualization in the home is desdr Chapter 5
describes the evaluation of power and energy \iztadn in the home.
Chapter 6 provides detail of the implementatiorthed test-bed for the
detailed and abstract visualization. Chapter 7 udises the findings.
Chapter 8 provides conclusions, with recommendatidor future

development.
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2 Previous Research on Residential Energy Monitoring
and Display:

Finding a solution for making households awarehefrtenergy consumption is
not an easy task to accomplish, due to relateedsssuch as lack of immediate
feedback in energy consumption. Initially, the &lety bill is the only
feedback that is received monthly by many househditie bill does not help
households much to reduce their energy consumpiosh also makes it
difficult to act positively towards their energy age owing to a lack of
immediate feedback (Williams, Matthews, Breton, &ra&y, 2006).
Additionally, the electricity bill does not providan effective motivation
towards energy consumption change and does notdgr@any techniques or
methods for changing households’ behaviour. Seg, iy restrict households
from linking their energy consumption actions witbnsequences (He &
Greenberg, 2008). Secondly, the lack of understanidi the concept of power
and energy might lead people to be unaware of #mérgy use, especially
when their understanding of concept of energy amalep is similar (Hirca et
al., 2008).

Awareness of behavioural change for energy consernves not yet considered
by many households because of the lack of motinadiod delayed feedback.
This makes households unaware about the amounhesfye that is wasted
through their actions. Additionally, the monthlyetiback is inefficient because
it comes after the action takes place, which lirhasiseholds to be informed of
their actions in their home (Van Raaij & Verhallekt983). Furthermore, the
electricity bill is represented using a traditioagbroach with no consideration
of any cultural or social factors. This provideswarctlear image of the person
in house contributing the most to the usage oftebity, particularly among

the family members (He & Greenberg, 2008).

Households are not aware where the energy is asi@ir homes. A survey of
energy awareness conducted by Forrest (as citdbdelmohsen & Do, 2008)
indicated that:

while 91.8% of U.S. homeowners are interested anei@sing their home

energy efficiency and expect their home heatinds b increase by

12



76.5%, almost half of these homeowners lack undedstg of how their
homes consume energy, and are not clear on whicote homprovement

projects yield the largest energy-saving bengjits.)

Energy consumption in the home is a major conaemany households. This
concern allows homeowners to gain more knowledgeutalihe power

consumption rate of their home electrical devicashsas refrigerator and
washing machine. The concern for energy consenvasiamne of the features
that the consumers consider when they buy a netersyfr saving energy
(Landwehr, n.d.).

The predictable decrease in domestic energy consumpanges from 5

percent to 15 percent when the consumers obtairp@mansive and instant
feedback (Weiss et al., 2009). Darby (2006) coreduthat “Immediate direct
feedback could be extremely valuable, especially davings from daily

behaviour in non-heating end-uses. In the longen tend on a larger scale,
informative billing and annual energy reports caonpote investment as well
as influencing behaviour” (p.17). Allen and Jang@Q06) indicated that direct
feedback can enhance household awareness of ecengumption and can

also cause a slight change in households’ behaviour

The effect of using direct and indirect feedbackde to a decrease In
electricity consumption in houses. Many studiesehla@en conducted to study
the effect of using direct and indirect feedbackeotrgy usage. One of the
studies indicated that providing weekly feedbackll vaut the energy
consumption down by approximately 18 percent (IRaee, Kim, Kim, & Kim,
2008). Another study conducted in Canada found thiaplaying instant
feedback via a portable energy monitoring deviae save about 16.7 percent
of energy consumption (Mountain, 2006). Darby (200&licated that the
effect of the feedback is not limited to only irdueing energy consumption
but it can be seen as a tool that can be usedatth teonsumers via the

experiment.

Recently, smart devices and software applicaticmge hecome an essential
utility for providing real-time feedback for consems about their electricity
consumption and also for decreasing consumers’trightg bill. In the
commercial sector, there are plenty of these devilme supplying vital

13



information to consumers about the energy use Ipjiaaces or houses. The
Cent-a-Metey Power Cost Monitar Energy Detectiveare examples of such
devices that are discussed and explained brieflgoone websites and also on
their manufacturing business’s website (Open4Enengy.). A sample study
indicated that installing these devices can saveual25 percent of an
electricity bill and also can assist consumers &auce their energy

consumption (Stephanie, 2011).

Various commercial utilities are available in thearket. Some of these
facilities are used only to measure appliances ed®esome of them are used
to monitor the whole house. Some of these commedeigces discussed in

the following sections for both for appliances &mdhomes.
2.1 Devices for monitoring individual appliances:

Kill-A-Watt (see Figure 2.1) is one of these devices thatised to measure
the power consumption for each appliance that iggged into it. The

measurement of this device is usually presentedaih units. However, it can
be displayed in kWh by aggregating the power comdion that has been
used over a time (Reysa, 2007). The benefit of qugitl-A-Watt is that

consumers can eliminate the power that is consuahe the appliance is on
standby or when it is left plugged in the wall bymitoring each kilowatt

which is used in their homes (Leehersch, 2011).
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Figure 2.1: Kill-A-Watt
(Reproduced from P3
International Corporation,
2011)

Belkin Conserve Insighfsee Figure 2.2) is another smart device which is
used to measure power usage for each appliancaduodily. This utility has

a smart monitor that displays information abouteéhergy consumption for a
plugged device. In addition, it can display thetaafsthe running device in
dollars and in watt unitsSthe Belkin Conserve Insight monitcan show the
amount of carbon dioxide that result from this nmgn device. The
configuration and installation @elkin Conserve Insighs$ very easy and in a
few steps consumers can plug the appliance Bdlkin Conserve Insight

deviceand then into the wall (Belkin International, 2012

Figure 2.2: Belkin Conserve Insight (Reproduced

from Belkin International, 2012)
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The PeakTech Mete(see Figure 2.3) is an electricity meter whichpldigs

the power cost of an appliance for a period of fimes very easy to use. It is
designed to encourage households to reduce thedatrielty bills and
consumptionPeakTechworks when the consumer plugs the meter into the
power socket in the wall and then plugs the appBaimto the meter. After
that, the consumer can enter the power unit pmnckecalculate the cost of the

appliance’s electricity consumption (PeakTeach,)n.d

Figure 2.3: PeakTech Meter
(Reproduced from
PeakTeach, n.d.)

Power-Mate (see Figure 2.4) is another electricity device nuoon It was
designed and developed by Computer Control Instngatien (CCI) to
monitor the electricity use for each appliance vidlially. Power-Mateusers
can determine the operating cost for each appliahicey can also find out
the amount of green gas emission that is releagesibg an appliance. It is
difficult for some appliances to identify their ming cost due to irregular
operation performance b#ower-Mateeliminates this obstacle by showing
the cost of running the appliance hourly, weeklypnthly and yearly

(Computer Control Instrumentation, n.d.).
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Figure 2.4: Power-Mate (Reproduced
from Computer Control

Instrumentation, n.d.)

Some smart devices can work with more than oneap@ and control them
at the same time. ThHeFO Power Centelsee Figure 2.5) is one of these
major power devices that can manage four home app#s concurrently.
This device has many features such as supplyingnndeedback, socket
schedules, and socket timers. It can facilitatesaorer understand the energy
consumption for each appliance used and also madasy for them to know
its operation cost. ThEFO Power Centeenables consumers to switch the
appliance off when it is not in use or when it 1$ standby state (Visible
Energy, 2011). Consumers can manage their appbagcergy usage in the
home remotely via using iPad or iPhone with WiFittee that is available in
the UFO Power CenterUsingUFO Power Centemight assist consumers to
save up to $150 annually (Scott, 2012).

Figure 2.5: UFO Power Center (Reproduced from Vésinergy, 2011)

Wireless 3-Outlet Mains Power Metgee Figure 2.6) is another smart meter

that has three separate outlets and one LCD monitorworks by
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communicating through outlets to the monitor reryotesing the wireless
function. Consumers can only connect three appdiarto three available
outlets at the same time. After the connection tteay see the current power,
total power cost and the amount of greenhouse m&sons in kilograms for

the attached appliances (Electronic Choice, 2010).

e A
seeea® ' i

Figure 2.6: Wireless 3- Outlet Mains Power metezgi®duced
from Electronic Choice, 2010)

2.2 Devices for monitoring the whole house:

Wattson(see Figure 2.7% one of the many power consumption measurement
devices that is used to measure electricity consiemgpor the whole house.
It is designed to assist households to save theatriity consumption. It
works with software called Holmes to store dailpsemption datawWattson
iIs a portable device and it can be used anywher®m e, and also can be
used with small businesses. The device works whiganamitter is attached
to the electricity meter and the sensor clip isnamted to the cables running
from the Fuse Box. There is a small portable LC&pldy that communicates
with the transmitter via wireless communicationstmow information about
current consumption for appliances. This display thaee types of levels of
light and each level of light indicates the ratetlod electricity consumption.
High rate is represented by red, average by puratel low by blue

(Energeno, n.d.).
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Figure 2.7: Wattson (Reproduced from Energeno) n.d.

EnergyHub (see Figure 2.8) is a smart system that assistseholds to
reduce their energy consumption and save moneys Bgstem gives
information about the electricity use in the howmed also assists the
consumers to track every applianémergyHub touchscreen dashbodrds
the facility for households to manage each appéarand devices connected
to the power. Additionally, households can conttbeir home energy
consumption remotely. Working witBnergyHubsystem requires installing
equipments such as smart meter with ZigBee inctudohashboard,

temperature control unit, strip and socket (Enengy2012).

Figure 2.8: EnergyHub (Reproduced from EnergyHub,
2012)
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The Efergy Company introduces variety of electyicihonitors in the
commercial sectorEfergy elite2(see Figure 2.9) is one of the utilities that
constantly show the cost and the immediate powageiof the house for
every six seconds. This helps households to beeawfaany change in their
house energy usage. In addition, households cangaisto know about the
average carbon emission that results from runnpgiances and devices in
their homes. Usingfergy elite2is considered as one of the ways that can be
used to educate all the household residents (S@@rtepts New Zealand,
2010).

Figure 2.9: Efergy elite2 (Reproduced
from Smart Concepts New
Zealand, 2010)

Power-Cost Monitosee Figure 2.10) is a portable energy deviceahaivs
users to read their home energy in real time. ®eeaiPower-Cost Monitor
can assist users to know the total energy consomjir their homes at any
time. It can also help them to change their atétutbward their electricity
consumption in the home as well as saving up toO$g&arly on their
electricity bills. In addition, the users can expldheir house’s energy data
via online services when they install and configimePower-Cost Monitor

WiFi Bridge appliancgBlue Line Innovations, 2010).
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Figure 2.10: Power-Cost Monitor
(Reproduced from
Blue Line Innovations,
2010)

Envi energy monitor devicésee Figure 2.11) is a multi-function energy
monitor that can be used to measure the whole handealso to measure
individual appliances. This device consists of é¢hneajor items: the display
item which is used to show the electricity consumptincluding the cost,
temperature and time; the sensor clamp deviceishased to measure the
electricity consumption via connecting this sensothe transmitter; and the
transmitter item that is used to transmit dateheodisplay. This utility brings
a large number of features with it and one of thegbat the households can
display and extract their homes energy consumpdata by installing and
using Techtoniq software on their computers. Whenskholds us&nvi
energy monitgrthey can reduce their total energy consumptiottSopercent
to 20 percent (Steplight, 2010).
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Figure 2.11: Envi Energy Monitor (Reproduced
from Steplight, 2010)

2.3Web-based and desktop application for monitoring eargy

consumption:

Building a dashboard kiosk one of the projects that have been introduoed t
the consumers to manage their energy consumptiddnited States. The
project displays energy and water use informatiopublic for buildings and
compares it with other buildings on the same scr@dmns information is
represented in figures, graphs and other visuaizsit This dashboard can
also display the consumption expressed in intuitiveveryday units (Lucid
Design Group, 2012).

One of the European projects is the Digital Enwinent Home Energy
Management System (DEHEMS). This project is a coaipe work between
more than one organization, such as private busiaed some universities. It
also looks towards developing the efficiency of @stic energy by using
technology. The aim of this project is to reduceegthouse gas emissions and
also to enable households to monitor and contml tanergy consumption.
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Moreover, DEHEMS shows real information about agude energy
performance and consumption. It can also supplgigeeenergy efficiency
suggestions for the family (Manchester Digital Depenent Agency, 2008).

Google power metas one of the web-based applications that wabksited
and developed by Google. The aim of this projed¢bisicrease households’
awareness about their energy usage by enabling theracess their energy
information online.Google power meteassists households to share their
energy usage information with others and recommanpisrsonal suggestion
for saving energy. In additiorGoogle power meterepresents the home
energy usage information via visual image which esakt easy for
homeowners to easily understand their home’s enanfrmation, (see
Figure 2.12) (Google, n.d.).

Electricity used Aug 30-Aug 31 @ Energy ©) Approx. cost: § 0.4 fkW-h

1.21 kW

Tuesday Aug 30 Wednesday Aug 31

8.8 kW-h used 3.6 kWh used *

Approx. $4487year Approx. S380/year

= Always on: 3.3 kW h used mAbways on: 1.7 kWh used *

* Data may be incomplete for this time period

Compared to past usage

2% under expected usage so far today

Figure 2.12: Google PowerMeter (Reproduced fromdBinan.d.)

Google had partnered with Current Cost for monitgrielectricity

consumption in the home. This partnership will @wllbouseholds in United
Kingdom, New Zealand and other countries to seed titome’s energy data
to the Google Power-Meter where it can be checkedding their accounts
using iGoogle (Lardinois, 2010). Unfortunately, t@®ogle Power-Meter
project has become unavailable since September2Q6] after Google

officially announced its discontinuation on Junge 2611 (Google, 2011).

Greenboxis another web-based application that is simitaGbogle and it
established in 2008 and its aim was to monitor balsctricity usage. The
feature of this application is that it enables tmmsumers to view energy

information on charts and a graph for a particdlare of day or for an
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appliance and compare it with other appliancesaddition, this web-based
application can work with smart devices such asrgate and Golden Power
Manufacturing. So, people who have these devicascoatrol and manage
their heating and cooling system remotely via theeb-based dashboard
(Kho, 2009).

Watssups a web-based application that works with a Faoklapplication to

enable users on Facebook to monitor their energyswuoption. This

application enables these users to compare the&rggnusage with their
friends using their Facebook accounWatssupapplication works with

Wattson energy monitor by reading the energy usz fdam this monitor and
displaying it on Facebook. However, this data sspnted in the form of bar
graphs and tables which allow users to see the@klyeenergy usage and
contrast it with their selected friends in order teduce the energy
consumption with the help of their social netwofogter, Lawson, Blythe, &
Cairns, 2010).

Techtonig Energy Statio(see Figure 2.13) is one of the available desktop
applications that work with the current cost enemgynitor device. It enables
consumers to see instant data for their home emsyggumption as well as
history of energy usage. The consumers will be &blkexport the data to an
excel file and they will also be able to send alarsing email or twitter
(PowerSave, 2010Y.echtonig Energy Statiocan show energy use data in a
variety of outlines: live displays, live chartsstaric charts and cost analysis.
When users choose live display, they will acquim@imation about current
energy use, total power usage, temperature andotestergy in the form of
figures. The users can see the same informatidrairchart form when they
select live chart. In addition, users can displagy historic energy data in bar
graph daily or monthly or yearly as they want ibwever,Techtoniq Energy
Stationis not free software; the user has to purchaseaftevare license to
use it (Techtoniq, 2011).
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Figure 2.13: Techtoniq Energy Station (Reproduced
from Techtoniq, 2011)

Home Energy Monitois another desktop application that monitors home
energy consumption in different operating systeatfptms such as Windows
and Linux. This application also works with the remt cost energy monitor
device and represents the data in graphic forendbles the users to explore
the current energy consumption for the house asd tile temperature in
figures and line graph, (see Figure 2.14pme Energy Monitoapplication
facilitates users’ publication of their energy comption on twitter and its

comparison with other users (langbell, 2010).
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Figure 2.14: Home Energy Monitor (Reproduced framgbell, 2010)

2.4 Solutions and energy monitor devices available in &

Zealand:

A range of energy monitor utilities are availabteNew Zealand markets at
present. The most common power monitors @eat-a-meter Owhnd the
Current Cost deviceCent-a-meter Owlvas designed and developed in New
Zealand. It has a variety of features such as alspy instant power
consumption, calendar and accumulating cost. UsiegCent-a-meter Owl
allows consumers to record and store their homeggremnsumption data for
approximately 30 days. It also facilitates conswsrtercompare their current
home energy usage with previous days, months aisy#acan be used in
schools, offices and small businesses. Tent-a-meter Owlworks by
clipping the sensor over the main power box. Thesgethen transmits data

to the LCD monitor via wireless connection (Powav&Marketing, 2012).

Current Cost EnviR devids another home energy monitor available in New

Zealand from SmartNow Company. It consists of éhteols: sensor,

transmitter and LCD EnviR display, (see Figure 2.1t5vorks by connecting

a clamp to the home wire electricity meter and thientransmitter sends a

signal to the LCD EnviR display every six secondarrent Cost users can
26



see their home electricity consumption and how mihéh electricity usage
costs them in real time. These users can also reaanad) analyze their home
energy data via connecting an LCD EnviR displayh&r computers using a
USB connector or connecting the LCD EnviR displayteir routers using a
Bridge connector. The use of Bridge allows the sis&r upload their
electricity usage and mange this data @aogle Power-Meteor Current
Cost web-based services.

Figure 2.15: Current Cost EnviR
(Reproduced from SmartNow, n.d)

In addition, the new feature of ti&urrent Cost EnviR devids that it can be
used to measure individual appliances in the hoiinean measure nine

appliances simultaneously (Current Cost, n.d.).

Nowadays, most electricity companies are replatiegold electricity meter
by a newsmart mete(see Figure 2.16). This is an electronic electrioieter
that can communicate with home appliances, smadtiaaqres and control
them remotely using wireless connection. It aldoved customers to buy
electricity on the spot prices directly (Berry, 201Thesmart meterenables
the electricity companies to read the electricipnsumption for homes
remotely. It also assists retailers to eliminatsues of estimated meter
readings and estimated electricity bills. Howeudere is an issue facing
some consumers after installing the smart metemeSconsumers said that
when they want to shift to a new retailer, thisalet will be unable to
connect to the smart meter remotely. So, theyestatd remove the existing
smart meter and instead installed their own smastem(Consumer NZ,
2010a).
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Figure 2.16: Smart Meter (Reproduced from
Consumer NZ, 2010a)

Some electricity retailers provide some online &y such as creating
accounts and browsing home energy consumption. dDrleese retailers is
Contact Energy; this company allows consumers tesx their electricity
bills for last 24 bills any time. Contact Energyables consumers to compare
their energy consumption from month to month inpbia form (Contact
Energy, 2012). TrustPower is another company tfffarsoonline services.
TrustPower users can access their home energy roptism information as

well as access their electricity bill (TrustPow2008).

Mercury Energy is another retailer that providesoahne energy monitoring
service for their customers. There are two typesomine home energy
monitoring introduced by this retailer. The firsttheMercury Time-wisgit

shows home energy use in three different colowed, orange and green,
depending on the time of the day and tariff charfjeis service enables
consumers to see the energy consumption in slittes @ach 30 minutes
(Mercury Energy, 2012). The second servicBlercury advancehat enables
consumers to buy power in advance with availablgrage option. Mercury
consumers can access and control their energy ubagegh the available

online dashboard (Energy Saving and Monitoring @wm\fealand, 2012).
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2.5 Visualization of energy consumption:

All the solutions and devices above use differeyges of information
visualization. Some of them use graphs, othersfigeges and show this
information in a small white/black displa@ent-a-meter Owtlisplay is taken
as an example to illustrate the idea of white aladkodisplay, (see Figure
2.17).
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Figure 2.17: Cent-a-meter Owl
(Reproduced from Power
Save Marketing, 2012).

There are varieties of visualization types but thest common types of
visualization are pragmatic, artistic and ambiefibe differences in

visualization is discussed by Kosara (2007), spediy in two types of

visualization; pragmatic and artistic. Pragmatisudlization aims to explore
and analyze the data as well as representingait@chnique that allows users
to comprehend the information. In contrast, adistisualization does not
focus on showing data; it is more about commumgat concern. The
ambient visualization is clarified by Pousman, ktaand Mateas (2007).
They stated that it is the system that gives atistcharacterizations of
information. It can characterize below the defonti of information

visualization. They also indicated that the ambieisualization produces

awareness insights data that is selected by usees@mners.
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There are many projects using ambient displaydaalize data. One of these
is Energy Orb this device lights up a varying degree of colturepresent
significant power peak demand. When the power plestkand increases, the
Energy Orbchanges its colour to warn users of this changeimer demand

and price (Ambient Devices, 2012).

Berkeley Weather Beacofsee Figure 2.18) is another project that uses
ambient display to show the weather situation k@Berkeley Building. This
building consists of twenty-six storey office towdat is located in Boston.
The tower displays the weather forecast in two wapblue and bright red.
When the weather forecast is clear, the weathardmeshows the steady blue
colour but when the weather is cloudy the beacawsha flashing blue.
Rainy weather is indicated by steady red, whilengnweather is indicated
by flashing red (CelebrateBoston, 2012).
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Figure 2.18: Berkeley Weather (Reproduced from
CelebrateBoston, 2012)

The use of visualizing energy in an appropriate w@yld lead to reduction in
energy consumption in the homes. Scientists Mc&idlland Cook (1979)
conducted a study about visualization home eneogywmption by using a
device calledFitch Energy Monitor This device showed the amount of
money spent per hour during electricity use in ltleenes. They found that
using theFitch Energy Monitorassisted to decrease electricity consumption

in the home by 12 percent on average.
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Many studies have been done in visualizing enengyenmark; one of these
studies is ‘visualization turns down energy demaardi it aimed to visualize
heat and energy consumption in flats. This studyg wanducted by Ole
Michael Jensen (2003), who found that visualizinige telectricity

consumption and heat in building can assist petapteduce electricity usage
by 22 percent and can also reduce heat by 9 pemcetite first year. A

sample study stated that combining the energy usatleprice in a single

visualization has a potential effect on people beha toward energy
consumption in the home (Pyrko, 2008 as cited bgeieJohansson, &
Linnér, 2009).

2.6 Understanding of Power and Energy Concepts:

The concepts of energy and power and the relatiprisétween them are
discussed in some studies around the world. Ortecplar study defines kW
and kWh by explaining the differences between kW &wWh and how these
units are related to energy and power as in meamune In addition, it states
the difference between ‘power’ and ‘energy’, defirgly, giving examples of
devices that use power such as light bulbs, drgeds computers (BizEE
Software, 2011).

Another study that discussed the concept of enanglypower in more detalil
stated that energy is available in a variety ofmerand it has the ability to be
stored. In contrast, power cannot be stored. Poeadty only indicates the
rate of energy consumption. Additionally, powerneeasured in watts or
kilowatts and energy is measured in joules. Howetlegy are interrelated

concepts in daily life (Olivia, 2011).

Investigating peoples’ understanding of the diffee between power and
energy has been researched previously. The reshlbsv that people
described energy as the power, and they believeetiergy can be seen by
microscope (Hirca et al., 2008). Naughtin (n.dated that “Few people are
aware that energy and power are quite differensigay things. They do not
know that energy is the ability to do things andtthower is a measure of

how fast you use the energy” (p. 2).
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The concept of energy in science is more relatatigghysics field where it
is defined as the ability to do work. The word ‘eme is derived from the
Greek word &vépyeia’ which means activity or operation. Energy can
generally be found in a variety of forms such asnaical, electric and nuclear.
These forms can be converted from one form intdherdoy using a machine
or generators. For example, it is easy to conveetracal energy that is stored
in a battery directly into electric energy. Energexpressed in multiple units
but it often uses joule and kilowatt hours as itsasurement (Wikipedia,

2011a; Georgia State University, n.d.-a).

Power is defined as the rate of doing work. “Ithe rate at which energy is
transferred, used, or transformed” (Wikipedia, 4f)1ldara. 1). For instance,
heaters can transform electric energy into heatiedP@s often measured using
two units of measurement: watt and kilowatt. Pomgght have a variety of

applications such as electrical and mechanical (g&&tate University, n.d.-

b).

Understanding the concept of energy can assisteholds to reduce energy
consumption and also help them to change thoseidd and actions that

pertain to their energy consumption. Blizzard (20hdicated that:

Having baseline knowledge of what you consume ees&ary in order
to take meaningful action to reduce consumptiom&experts say that
having an understanding of your energy baselinenemyou modify
your habits, which can lead to a 10 to 20 percedaiction in your
energy consumption. (para. 6)

Understanding the difference between power andggnean reduce energy
consumption. Energy (n.d.) indicated that “The afiéhce between demand
(KW) and consumption (KWH) is vital to your choicés reducing your

energy costs” (para. 1). In addition, this undemdtag can be useful for

managing home electricity usage. SCE&G (n.d.) dtttat:

The concepts of kilowatts (kW) and kilowatt-houk8\h) are often
misunderstood. The term kW (1,000 watts) refeithéorate at which
energy is used (demand), while kWh measures ovaraumption
(usage). Understanding these concepts will proyadewith important

insight into how you can reduce your energy cqgiaa. 1)
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2.7 Studies of the effect of different visualisation gles:

The use of comparative experiments can assistnds®a to identify which
is the most effective type of visualization to hélem to discover a way for
changing people’s attitudes. A comparative studydocted by Kim, Hong
and Magerko (2010) examined the effect of using tyyes of visualization
in users’ behaviour when they used their compufEns. researchers created
two types of display styles, Coralog and Timeldmttshowed how much

time the computer was not in use when the poweromas

Coralog display was an iconic representation teédted to environmental
issues, showing the effect of carbon dioxide ondbwal reefs in the ocean.
They employed this method on the computer usage aimal compared it with
the previous day to see if the total computer usegesmaller: then the coral
reef became healthier or unhealthier. In contréstelog display was an
indexical representation that showed the computage time with no

comparison or recalculation with the previous cotapwsage. Bar graphs
with texts and numbers were used to represent dhgucter usage time in
this type of visualization. The researchers fourthtt using iconic

representation was more effective than using ircdéxrepresentation to

increase users’ awareness for future attitude ahéign et al., 2010).

Exploring ambient and artistic visualization forsigential energy use
feedback was another comparative experiment, caedusy Rodgers and
Bartram (2011). They designed and described thggest of abstract
visualization: phyllotaxis, hive and pinwheel dewsig All three types of
displays were selected to show the instantaneowsmpand total energy for
the home. In the phyllotaxis display, the visuaima occurred in a geometric
spiral so the instantaneous power was represenyedildyation of the
sunflower’s seeds to their location in the spivahereas the total energy was

represented by growing the size of seeds.

In the hive display, the grid of hexagonal cellsswsed to show the current
power and total power. When the current power was A small number of
hexagonal cells appeared slowly. When it was highbig number of
hexagonal cells appeared gradually. The total pahewed by growing the

cells and overlapping them. In the pinwheel displdne display of power
33



consumption was illustrated by two points which evethe figure of
pinwheels and also by the pinwheels speed of ootafihey considered that
the pinwheel display was similar to the hive digglaits representation and
in its idea (Rodgers & Bartram, 2011)

2.8 Summary:

Supplying an instantaneous feedback through usimaytselectrical monitor
devices and its application such @arrent Cost deviceEfergy elite2and

Google power metercan increase awareness of energy conservatitimein
homes. The expected reduction of energy consumptoges between 10

percent and 20 percent of all house energy usbdsgetdevices.

The Current Cost EnviR devids one of the most popular devices that have
been used to monitor house energy consumption db age enabling
households to access their home energy data viat spplication. This
device and other facilities display energy usehmthiome in various formats:
numbers, graph, small/large and black/white displdgwever, displaying
numbers, text and graphs is what the household$y re@ant, as using
numbers and text gives a quick message to the holase Do households
understand the relationship between these numbdrgraphs?

None of previous research indicates what is the Wiesalization and what
precious data should be included in the representaif the home energy
consumption that could be desirable by the househtim et al. (2010)
indicated that “they have not yet proven what dre better ways of eco-
visualization of sensed data even though there \améous forms of
representation methods such as text, pictures &ygtadns in the field of

information visualization” (p.107).

Furthermore, there is no evidence provided abaietfect of understanding
the relationship between power and energy in haldeghanagement in their
home energy use. Understanding this is an impoffator for managing
energy use in the home. This leads to an investiyzabf people’s
understanding of power and energy concepts andidy sif the effect of

different visualization styles.
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3 Understanding the relationship between power and

energy:

The daily domestic routine comprising cooking, oieg, showering,
communicating, and entertaining is considered as gfanormal life. These
activities, along with others, require energy. light be assumed, therefore,
that those who regularly use technologies whicly mel power and energy
would have a reasonable understanding of the tepmser and ‘energy’.

However that may not be the case always.

Raising people’s awareness and understanding hyingi technologies that
monitor domestic and commercial energy is one optitat can assist in
reducing energy waste, as, with this kind of systesers are given immediate
feedback on their consumption of energy. This keolge allows the end user
to make a conscious, informed choice to minimizsrtenergy usage which
will be reflected in lower energy bills. It will eate a self perpetuating cycle of

observation, monitoring and controlling (adTumilecC, n.d.).

In the science field, the difference between powed energy and the
relationship between them can be easily noticedanety of aspects. Firstly,
the energy unit differs from power units, “KWhasmeasure of energy, whilst
kW is a measure of power” (BizEE Software, 2014rg 6). Secondly, energy
can be transferred into variety of forms and stonddle power cannot be
changed. Olivia (2011) states that “energy is presemany forms and it can
be stored whereas power cannot be stored” (par&iriglly, energy and time
are interrelated with each other while power isSramediate quantity. “Energy
comes with a time component, while power is anaimistneous quantity. Power
cannot vary but remains constant. Meanwhile enaggymulates predictably”
(Difference Between, 2011, para. 6).

However, some people have a vague or incompletaviedge about the
concepts of energy and power and the relationséiywden them. They might
consider energy and power as similar or interchalblgeterms and it is this
common use of energy and power as being synonyntloat leads to
misunderstanding. Simply stated, people may nowkinow energy and power

are related, but different, terms. Does this lackunderstanding create a
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difficulty in the management of energy consumptéom does it contribute to
the mismanagement of both physical and fiscal mess? (Difference
Between, 2011).

Although there are many studies that examine theeputs of energy and
power, few studies investigate people’s understandi their relationship. A
survey questionnaire was used to investigate tdenstanding of people about
the concepts of energy and power, and also therdifte between them. It also
studies the effect of this understanding on marmpagdiousehold electricity

consumption. This survey was conducted to addreksdsllowing questions:

- How well do people understand the relationship betw power and
energy?
- Does this understanding really matter for the hbakks in managing

their energy consumption?

3.1 Methodology:

A descriptive research methodology was used torgéne the results of this
survey. This survey was conducted at various lonatin Hamilton such as

the City Center, the Base and the Hillcrest area.
3.1.1 Sample:

This survey was conducted with 30 participantscteterandomly from
a variety of places, ages, both genders and afewatit background

education.
3.1.2 Data Collection:

Studying the relationship between energy and pamer the difference
between them was the initial aspect of this sur&saarching for related
studies via reading books and articles online wees second aspect
(adTumbler LLC, n.d.). Both these aspects contetuo finding the best
method for obtaining information from the people.

A survey questionnaire was used to carry out tlag pf the survey

which was divided into three parts:

Part 1: This asked eight general questions, which elicgederal
information about the participants, such as gendee, taking
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responsibility for paying electricity bills and aage cost of

household electricity consumption per month.

Part 2. This asked eight questions, about energy consompgtich
as, “When cooking dinner for a period of time, wbthe energy
consumption remain the same as usual or would renezgy be
used under certain conditions and also what woaldexpect to be
more efficient; a 2 kW kettle or; a 1 kW kettle?”

Part 3: This asked eight questions, requesting informatbout
managing electricity consumption such as askingleeewhether or

not they checked the power rating of an appliareferke purchase.
3.1.3 Procedure

Participants were given a summary of the studyn thiee survey
guestionnaire. After that, the data was gathenealyaed and reproduced
in graphs based on correct responses and calcutapegcentages, using

Microsoft Excel.

3.2 Finding:

The responses were analyzed to obtain useful irgftom about

participants’ understanding of the difference be&mpower and energy and
their relationship. In addition, this analysis sleolthe correlation between
energy consumption and managing electricity, basethe responses to the

survey questionnaire.
3.2.1 General information:

It can be seen from Figure 3.1, that there areetyarof age groups
participating in this survey. The highest perceatad participants was
the 20 to 29 year old group followed by the 40 %oyéar old group. The
lowest percentage of participants was in the ageimr20 years and

lower.
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m<20
m20-29
=30-39
H 40-49
=50

Figure 3.1: Participant’s age group

One question asked in the survey was, Who tookorespility for

paying the electricity bill? Seventy-seven percehiparticipants said
that they took responsibility for paying electncibill: twenty three
percent of participants said that they do not takg responsibility for
paying electricity bills, (see Figure 3.2).

B Yes

B No

Figure 3.2: Responsibility for paying electricitiflb

Approximately 34 percent of participants stated thay paid between
100 and 200 New Zealand dollars for household edggt consumption
per month. Thirty three percent of participantsidhiat the average cost
of their house electricity monthly consumption raddgoetween 200 to
300 New Zealand dollars. Only 3 percent of partioig indicated that
they paid less than 50 New Zealand dollars forrtleéectricity bill
monthly (see Figure 3.3).
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B <550

W 550-5100
= 5100-5200
B 5200-5300
® 5300

o NA

Figure 3.3: Average cost of the house electriaitysumption
per month.

3.2.2 Energy consumption:

Figure 3.4 shows the response to the questionrttipants putting new
items into a refrigerator and whether the refrig@raises more or less
energy than usual over the next hour. Sixty-sevangnt of participants
expected that over the next hour the refrigeratoulds use more energy
than usual; whereas 33 percent stated that it wasgdthe usual amount

of energy.

B The same energy as
usual

B More energy than
usual

Figure 3.4: Refrigerator power consumption

The following pie chart displays the participant&sponses to the
guestion as to how much energy a refrigerator wating of 400 watts
could be expected to use over a 10-hours peridty-$ik percent of
participants got the correct answer for the tomhsumption for that
period of time, while 17 percent of participants ¢foe wrong answer.
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However, 27 percent of participants avoided answethis question,

(see Figure 3.5).

H Right answer
B Wrong answer

B NA

Figure 3.5: Energy consumption for refrigeratomma00
watts working for a 10-hours period.

Figure 3.6 displays the response of all participamhen asked to put
appliances in ascending order, based on their ¢o&tlof operation, from
largest (4) to the smallest (1). About 43 percdated appliances in the
right order according to the total cost of theiemion during a specific
period of time, more than half were unable to pldeEm in the correct

order.

B The right order : 1)-
1500, 2)-1000,3)-
20,4)-10

B Wrong order

Figure 3.6: Ordering appliance based on their wat

operation.
3.2.3 Managing electricity:

The following pie graph (Figure 3.7) shows the meses of participants
when questioned regarding their efforts to redueetecity costs. Sixty
percent stated that they made serious attempedtcce the cost of their
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electricity bill, while 40 percent did not attentptreduce their electricity
bill.

N Yes

H No

Figure 3.7: Making a serious attempt to reduce

the cost of electricity bill.

Figure 3.8 shows the reaction of participants tahappliances and lights
when not in use. Seventy-seven percent of partitgoturned heaters,
electrical appliances and lights off when they weo¢ using them, 23

percent of participants did not.

M Yes

H No

Figure 3.8: Turning appliances and lights off when

not in use.

Figure 3.9 displays information about the appliant®at consume the
most energy in participant's homes. Thirty-threecpat of participants
believed that electric and oil heaters consumedhtbst energy in their
homes, 27 percent stated that other appliancesicwtsthe most energy
in their houses. The lowest percentage of partitgahought that the

dishwasher consumed the most energy.
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BTV

B Electric, fan, oil heaters
B Heat pump

m Dishwasher

N dryer

= computer, laptop

= other

Figure 3.9: Single appliances that consume the prastgy in

participant’'s homes.

3.2.4 Correlation between energy consumption and managing

electricity:

To verify whether or not there is any correlatioateeen people’s
understanding of energy concepts and their abtlitymanage their
energy consumption, the results of the survey wastyzed.

For each participant, the numbers of their coreaxdwers in the energy
consumption questions have been plotted against nilmabers of

corrected answers to the manage electricity (sgar€i3.10). This shows

a weak positive correlation between the two.

Manage electricity

0 2 4 6 8 10

Energy consumption

Figure 3.10: Correlation between energy consumgith
managing electricity for participants.
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3.3 Discussion:

Study participants were asked to consider thevietig: When a refrigerator
with a rating of 400 watts works for a 10-hour pdri what amount of
electricity would the refrigerator use? It was mesting to note that 56
percent of participants gave the right answer wHilé percent of the
participants gave the wrong answer. This showetidbime participants did
understand the relationship between power and gnbug they did not fully

understand this relationship. When the participantse asked to order
appliances based on their total cost operation,tlean half of the participants
were able to answer this question correctly. Theyenasked to order four
different types of appliances from the largestItotast of operation to the
smallest total cost of operation based on theiningtime and the power
rating for each appliance, as given in the questhile 43 percent of the
participants placed the appliances in the righegrdchore than half were not
able to get the right order. Two questions lookedthe total energy

consumption over a period of time for some appksnand the result of the
analysis was that some participants had a limitedetstanding about the
concept of energy and power and also of the reiship between them. This
is similar to the result of Hirca et al.( 2008) wfaund that “students had
some difficulty not only in understanding the copicef energy and related
concepts, but also in relating theoretical knowkedtp its practical

application” (p.82).

Although half of the participants might not bother check the appliance
wattage rating, nevertheless they are still corestrrabout energy
consumption, albeit indirectly. In other words, tg@apants can act positively
towards appliances that are not in use by turrtiegntoff. However, turning
appliances off at the walls instead of leaving tr@mstandby power was one
of the questions posed in order to obtain infororatbout the participants’
awareness of energy consumption. Fifty-three pérgmticated that they
turned appliances off on the walls instead of legthem on standby power;
however, 43 percent did not turn appliances othatwalls; therefore half of

the participants were aware of the energy consumpfihis result is different
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from Randerson and Adam’s (2006) result. They dtttat 71 percent of the
users in Britain leave electrical appliances ondibg.

Having baseline knowledge about energy and powkagsist households to
buy appliances that have high energy efficiencgolild play a major role in
the reduction of household energy consumption. Hewesome people do
not understand the relationship between energy powder; but they still

attempt to reduce usage of electrical appliancesder to pay less money for
their energy bills. In fact, this is similar to Gty Tran and Grinter (2008)
who found that “householders modify their homesrésource efficiency for

saving money” (p.250).

Participants were asked if they made a concerfed: ¢b reduce the use of an
appliance such as electric heater, TV, laptopcaiditioning unit, clothes

dryer or dishwasher. The results showed that 36epé of participants said

that they attempted to reduce using electric heatwwhile 23 percent of

participants tried to reduce using the clothes drif&lf of the participants

believed that electric heaters and clothes driersemed more energy when
in use than other appliances. When consumers avaisiag electric heaters
or clothes driers it did assist them to reducerthksctricity bills. Consumer

NZ (2010b) report supported this, saying that “imegatyour house accounts
for 22 percent of your bill” (para. 7).

3.4 Conclusion:

The users of energy, the consumers, would benedin fhaving a basic
knowledge about the concepts ‘power’ and ‘energyl how this knowledge
plays a crucial role in the reduction of energy ssonption in the house.
Blizzard (2010) indicated that households can chatigir habits towards
energy consumption if they have baseline infornrmatadbout energy and
related concepts. This study set out to explore @ people understood
the relationship between power and energy andtasothis understanding

affects a household’s management of energy.

The main findings were that some participants havenited understanding
about the concepts of energy and power and th&éarship between them

and the main motivation of reducing energy in tloenk is saving money.
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This became evident in the different responseb@participants in the study.
For instance, in the question asking participantertier four different types
of appliances from the largest total cost operatmithe smallest total cost
operation based on their running time and their grorating, the result was
about 43 percent of participants were able to ptheeappliances in the right

order while more than half of participants were. not

Another important finding was that some particiganirn appliances off
when they were not in use rather than leaving tbanstandby. This finding
is based on participants’ response to the questioen asked if they turn
appliances off on the walls instead of leaving themstandby power. The
response was that 53 percent of participants iteticahat they turned
appliances off at the walls instead of leaving thremstandby power and 43

percent of them did not turn the appliances othatwalls.

Although there is a positive weak correlation bedweparticipants’

understanding of the concept of power and energytlagir attitudes towards
managing their electricity, participants do man#ugr energy consumption
even if they do not understand the power, enert@fioaship. For example,
77 percent of participants turn off appliances hglts when they are not in
use as compared to 23 percent who do not.

Finally, this part of the study does not coverddlithe issues related to it,
more specifically, the question of whether peopleowlo understand the
relationship between power and energy pay less ynthvan the people who
do not understand the relationship between themfufther studies it would

be necessary to identify who is better at managmgygy usage by focusing

on the home electricity consumption.
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4 Design of power and energy visualization for the huoe:

There are plenty of power monitor tools availaloléhe market place. Most of
these tools provide feedback about the individugpliance power
consumption. They also provide general feedbackutalioe house energy
consumption in different forms of representatiorharts, numbers and
diagrams. A survey of many of these monitoring $oeés provided in Chapter
2. Google PowerMeteis one of the tools which provide information oouke
energy consumption generally for the householdsolmrast, theill-A-Watt
tool provides information about only the applianteat are plugged into it.
However, there is no evidence which indicates wtia best way of
representing the data is, and also what type @ dhaould be included in the

visualization to meet the household’s needs.

A comparative study has been used to examine fheteaff using a variety of
visualization in convincing people to change thaititude towards energy
conservation. The notion of this comparative stisgdinspired by the Rodgers
and Bartram (2011) study. They did implement variet visualizations in

their study including Hive and Pinwheel.

In our design of power and energy visualization tie home study, a
comparative study was developed to examine twoermdifft formats of
visualization in representing power consumptioma@mne. One of the formats
provides more numerical detail in visualization ehihe other provides less
numerical detail. This comparative study was usedind answer for the

following questions:

1.What is the vital information that people needttwdl both enlighten

them and allow them to make informed decisions?

2.How precisely does this information need to be diesd or displayed?
Do the precise numbers matter? Are abstract visatadns more useful
and acceptable than detailed ones?

In our comparative studies, the aim of the designto build a realistic
visualization for daily energy usage in the homebioth styles of visualization.
This design is made in the form of house, appliaraoed power consumption
meters that represent a typical daily energy usehe home in order to
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facilitate quicker user understanding of the poa@msumption through using
two different styles of visualization. One style wikualization, shown in

Figure 4.1, uses more details in power consumgptieter representation. The
other, shown in Figure 4.2, is more abstract aruflieles numbers and texts.

Current time 7:38 — ~ | Advance time Welcome : asd Logout!

Switeh ON Panel:

-

Set the start time

Hour (0-23) Minutes
0 0o

Set the end time

Hour (0-23)  Minutes
o ]

Switch OFF Panel:

0 kwh40 2

Switch Off —
Expected power consumption

| Variable rate per kWh: 0.25 NzD

Figure 4.1: Detailed visualization
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Current time 8:04 — Advancetime] Welcome : asd  Logout!

Switeh ON Panel: B Power fimit

- ) III |I

Set the start time : -
Current power consumptmn

Hour (0-23) Minutes

0 Ly B Energy limit

Set the end time

Hour (0-23)  Minutes ]
0 00 I _ |

Switch On Total power consumption

Switch OFF Panel:

S e . |
Appliances II I E ﬁ

Expected power consumption

Rate per kWh
0

Mormsl Bdax

Figure 4.2: Abstract visualization

In both studies there is a similarity in two pax$ the design: house
representation and appliances representation. Hawthe difference is drawn
in other parts: power consumption meter representand variable rate per
kKWh representation. So, the next chapter will eatuboth styles of
visualization and will indicate the methods andhteques used during this

comparative study.
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5 Evaluation of power and energy visualization in the

home:

The design of power and energy visualization in hbene that is hosted by
University of Waikato, consists of two differenylsis of visualization which
are detailed and abstract visualization. So, a laemkh was created to evaluate
and compare the effectiveness of using these twlessthrough building an

online web-based application.

Detailed visualization is similar to abstract vikzetion in some aspects. The
system architecture is similar in both styles, dhdy are both an online
webpage that simulates various events such asreAagl appliances, showing
the power consumption for home and the decisioat dhhouseholder might
need to consider. The same technique and methantdlézt and analyze data
is used in both styles. The same tasks are usedtinthe studies but there is a
slight modification in the user study questionnagsgecifically in abstract

visualization study because of the change in tipiiGgiion interface.

In terms of the application interface, there aoaome similarities between
detailed and abstract visualization in its représ@n. The same control
panels are used in both detailed and abstract lizatian. In addition,
appliances and house representation are similarb@ih. However, the
difference occurs in the power consumption metpregentation and variable
rate per kWh representation as mentioned befores diapter will give an
overview of system architecture, and tasks as age#lvaluating and comparing

the effectiveness of detailed and abstract visatidins.

5.1 Detailed and Abstract System Architecture:

Request (nitp) Query (sq) i 5
. & = o Resull »
Browser(E, ™™™ 1DSLM Sener Database Server
PHP soript, Database fles

FireFox) sysenies

Figure 5.1: Power and energy online system

architecture.
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The Informed Demand-Side Load Management (IDSLMyeseis used to

host the project file, because power and energyalimation in the home is a
part of the IDSLM project. The goal of IDSLM is timprove domestic

electricity consumption (University of Waikato, Z)1The data of this power
and energy project is transmitted and received theeiWorld Wide Web via
http protocol. This protocol has been used to tranand receive all data in
this online system due to the system environmenikip&dia, 2012a).

Structured Query Language (SQL) is used to stoderemmieve any data from
the database (Wikipedia, 2012b).

5.2 Running simulation for Detailed and Abstract System

This simulation has been developed to simulatepecdy daily energy use in

the home using an online web-based applicatioootisists of background

data files and application interface. The backgdbdata contains data about
different types of appliances and lights, the aggpion interface displays this
data in form of picture and animation. This backm data can be updated
by user actions. In the other words, when the aseesses the application
interface, they can switch on or off any appliatitat they want to operate.
And this will update the background data and ther esin see the change.
The user has to create an account as a requiréamantess this online web-

based application.

This background data contains data for nine appéisnncluding four lights
and a shower that operate over the course of thiefaan 00:00 to 23:59,
(see Figure 5.2). This background data was rumerMySQL database at the
Waikato University server. MySQL was chosen becaiuseflexible and it is
also suitable with PHP language which is used tater the web based

application.
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Figure 5.2: The background data in MySQL.

5.3 Participants:

Two user studies were conducted with participaotevaluate the detailed
and abstract visualizations. The user study of il@etavisualization was
conducted with 20 participants; 16 males and 4 fesaalhe user study of
abstract visualization was conducted with halfraise participants: 8 males
and 2 females. Most of them were friends and fgeofimy friends. Their
ages ranged from 16 to 65 years old. Most of theak responsibility for
paying electricity and their basic knowledge in puters was good. Many
participants were students who live in a home dradted it with friends or in

studio apartments.
5.4 Problem scenarios:

It was hard to obtain an efficient application tmatets the users’ needs.
Additionally, it was difficult to determine whichata should be included in
this application. However, establishing problemnsece®s were extremely
beneficial to determine the objects of applicatisierface as well as helping
in the design of detailed and abstract visualiza#is the application interface.

Problem Scenario 1:Khalid was a student at Riyadh College of Techgglo
He paid a large amount of money for his electribityeach month. He spent
a few months avoiding using some appliances in rotde reduce his
electricity bill. However, he found his solution svaot the best one. Khalid
believes that it will be beneficial to him if thei® a smart application that
will provide information about his house energygesand appliance energy

consumption.
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Problem Scenario 2:Bill is a teacher at the international school &wuels in
a school house. He always switches appliancedigimd off if they are not
in use. Although Bill’s habit of managing his housgergy consumption is
still the same, over the last six months, the arhainhis electricity bill
fluctuated from one month to another. The chandgalof this situation
made it difficult for Bill to find a solution forik problem. Bill thinks that if
there is an application that can give immediatedlfeek about his house

energy usage it will be useful for him.
5.5Tasks:

Six tasks were created based on two scenariosaimiag the effectiveness of
using detailed and abstract visualization in bothdies. The first task
requests the user to advance the current time ititcomes 8:00 am. This
task is used to examine the participants’ obseymatdf any changes
happening in the system, and then asking partitsphow many appliances
are running and also to list them from the highedbwest in terms of their
power usage. In addition, the user is asked how east to distinguish
between appliances that are on and the appliahaeare off.

The second task requires the user to switch thitieken for thirty minutes.
This task was used to test user reaction to inerdhs current power
consumption and also their responses to other gwaaurring concurrently
in the simulation. In addition, it was used to mgasthe user’s satisfaction
about the current, total and expected power consampepresentation. The
third task is similar to the second task but tHéedence is that the user has to
advance the time till it becomes 13:00 or slighilyer and then switch the
microwave on for one hour. Some appliances willrib@ning concurrently
with the microwave causing a dramatic increase ha turrent power
consumption. This task will highlight the highestyer-consuming appliance
and will also clarify the participant’s understamgliof peak demand visual

representation icons.

The fourth task is to advance the current timdttlecomes 18:00 or slightly
over and then switch the washing machine on forawn a half hours. It was
used to test user comprehension and observatidhreé points. The first

point is that they know the number of appliancesmg. The second is that
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they can determine which three appliances constmenbst power out of all
the working appliances and the third is that thalcdate how many watts
are needed until the current power consumptionhesache peak demand
which is 5 kW.

The fifth task is to switch on the dryer for twouns. This task was used to
test the user awareness of preventing the powesucoption from going over
the peak demand of 5 kW. The user should take angrato cut down the
current power consumption by switching one or tywpl@ances off owing to
the high rate of dryer power consumption. If therudoes not take any action
then the cost of power per kwh will increase fror230to 0.30 New Zealand

dollars as a consequence of not keeping the posvesuenption below 5kW.

The sixth task requires the user to advance theemutime till it becomes
21:00 and then switch off four of the five applieasavhich are running. The
task examines the user’s reasoning in deciding lwfoar appliances should
be switched off.

5.6 Procedure:

Initially, participants were given a brief summaoy the study. Then, the
participants were asked to try using the applicatdobecome familiar with it
before they performed the experimental tasks. Epaimts were asked to
create a new account and sign in to the experimddtgr creating an account,
the participants were asked to answer a questimmabout themselves. After
that, participants were asked to logon to the ewpart to implement tasks
and complete a short questionnaire to measure theiin satisfaction and
performance. At the end of the study, the partitipavere asked to complete
a post-study questionnaire on their overall sattsfa with the energy and

power visualizations in the home.
5.7 Data Collection:

Many aspects have been involved in gathering dadebailding a simulation
for this study. It was important, as a first step, ascertain people’s
understandings about the concept of power, energly the relationship
between them. This study reviewed commonly heldsdabout power and
energy with the underlying purpose of increasingppbes knowledge
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wherever there was a shortfall in their understagqdiThe reading and
reviewing of other studies contributed to the dorabf a sample design for
visualizing energy in the home. The formulationtadks and questionnaires
was another aspect of collecting data. There werdasks and forty two

questions in this study. These questionnaires weieed into three parts.

The first part collected data about the participabackground; the second
contained questions about the tasks, and incluakedasks; the final part was

participants’ feedback regarding the application.
5.8 Detailed visualization:

The detailed visualization (Figure 5.3) comprisge tomponents: a control
panel and a dashboard data image to display intowmmabout the power
usage. The diagram shows an overview of the apjgicenterface and each

component will be discussed further on.

Current time 7:38 — = | Advancetime Welcome : asd  Logout!

Switch ON Panel:
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Set the start time T ' ﬂ i
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Set the end time

Hour (0-23)  Minutes
1] 0o

Switch On |

Switch OFF Panel:
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Variable rate per kWh: 0.25 NzD

Figure 5.3: Detailed visualization

5.8.1 Control panels:

Three control panels are used to manage the applstatus and virtual
time in this simulation. The first is a switch oangl which switches

appliances on. Participants can select any apg@idrmn the drop list
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and then they can set the start and end time fatr dppliance. To

complete this process they press the switch ombutsee Figure 5.4).

Switch ON Panel:

Appliances

Set the start time

Hour (0-23) Minutes
0 00

Set the end time

Hour (0-23)  Minutes
0 0o

Switch On

Figure 5.4: Switch on

panel.

The second panel (see Figure 5.5) is for switchmgppliance off. From
the drop list of appliances, participants can cedbs appliance that they

want to turn off and then click the switch off barit

Switch OFF Panel:

Appliances

Switch Off

Figure 5.5: Switch off

panel

The third panel, shown in Figure 5.6, is the adeamoe panel. It is used
to add minutes and hours to current time for adventhe current time
to a specific time. The current time has been otlin this panel so
participants can notice the change in the timeepresents the virtual

time for this simulation.
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Current time 738 - Advance time

Figure 5.6: Advance time panel.
5.8.2 Dashboard data image in detailed visualization:

The aim of this dashboard is to display the data$ers, giving them
feedback about their house’s energy usage. Théaappk, the power

consumption and the variable rate are representtfds visualization.
5.8.2.1Power consumption representation in detailed visu&ation:

The power consumption representation uses thrésrefit meters. The
first meter is the current power consumption meted it shows the
consumption in kW for per minute. It also displaye amount of
power that it is being used right now by aggregptthe data of
appliances that are currently on. It also shows pgeak demand of
power consumption which is highlighted by a bludtetb line, (see
Figure 5.7).
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Figure 5.7: Power consumption

visualization

The second meter shown in Figure 5.7 is the taialgp consumption
meter and it displays the power used in kWh fromtieginning of the
day until the current time by aggregating the dstall appliances. In
addition, the daily maximum energy usage has beeluded on this
meter using a blue dotted line as indicator.

The third meter shown in Figure 5.7 is the expepi@der consumption
meter. It shows the projected power usage for theé B4 hours based

on the current power consumption.

A specific pattern of colours was used to repreiemtstatus of power
consumption in all three meters. Green indicatest the power
consumption is low; yellow indicates average poas@msumption and

red indicates that the power consumption is high.
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5.8.2.2Appliances representation in detailed visualization

Nine appliances, four lights and a shower are shiomthe appliances
representation. Appliances that are on or off canlibtinguished easily.
If an appliance has a red light flashing closettdhe appliance is on
and if the light is not flashing, it is off. Anothevay to know if this
appliance is on or off is by rolling the mouse oiteA pop up window
will appear and give information about the apple&nits name and
power consumption. Figure 5.8 demonstrates thatioeappliances
which are on are the refrigerator and the microwdneaddition, the

shower and the light in kitchen are also on.

App! Refrigerator Powar 450 watts
Mame Consumption

== -
= |
i

Figure 5.8: Appliances visualization

5.8.2.3Variable rate visualization in detailed visualizatbon:

The rate of power per kWh has been representedguwd=5.9. Two
values have been used as cost of power per kWh,dhd 0.30 New
Zealand dollars. The normal cost of power is 0.26 kWh but if the
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power goes over the peak demand the rate of poeekyh will

increase to 0.30 New Zealand dollars per kWh.

Variable rate per kWh: 025 NZD

Figure 5.9: Variable rate visualization
5.9 Results of evaluation of detailed visualization:

Participants’ observation was tested in the fietktby asking them how
many devices were on when they advanced the cutireatuntil it became
8:00. Eighty-five percent of participants got thght answer, which was
three devices: microwave, refrigerator and showdrtile, 15 percent of
participants were not able to provide the rightvaes (see Figure 5.10).

8:04 S ~ | Advancetime | Welcome : asd Logout!
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Current time
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Set the start time
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Set the end time 2R 0 8 |
" 1D /. L u
Hour (0-23)  Minutes ; D
J Kih Y
0 00 pf Pack [& ]
Switch On ! AERERRE il

Switch OFF Panel:

Appliances

Switch Off

Evmerbed mawer cancnmnbian

Figure 5.10: Three devices on

Asking participants to list these appliances adogrdo their proportion of
power consumption from the highest to the lowest was another question.
This question resulted in 95 percent of participaflisting appliances
correctly while only 5 percent of participants édtappliances incorrectly.
When distinguishing between the appliances’ statd®, percent of
participants said that it was very easy to distisigibbetween appliances that
were switched on and appliances that were switdffedvhile, 25 percent of
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participants said that it was somewhat difficult distinguish between
appliances that were switched on and switchedTd¢fé remainder indicated
that it was extremely easy to distinguish betweepliances that were

switched on and appliances that were switched off.

When asked about the clarity of the representatiothe current, total and
expected power consumption, over half the partidgpasaid the

representation was very clear, 30 percent saichg extremely clear but 10
percent said it was somewhat unclear. Fifty-fivecpet indicated that using
the switch on panel was extremely easy, while 45ey indicated that it was

very easy to use.

In response to a question about the clarity of rdy@resentation of peak
demand in the current consumption meter 45 peragniparticipants’

responded that the representation was very cleaeréent of them indicated
that it was not very clear. Thirty-five percentpafrticipants indicated that the
representation was somewhat clear and 15 percgatro€ipants stated that it
was extremely clear. In addition, there was a qoresb determine which

appliances were consuming the highest proportiorthef current power
consumption at the present time. The response heasll participants chose
the oven. They got the right answer because tleeafapower consumption

for the oven was the highest rate among all théiapges that were running.

Setting the current time at 18:00 resulted in thening of many appliances in
the simulation. There was a question to determieenumber of appliances
running. The participants’ responses were as faldwinety-five percent got
the right answer (eight appliances were on), whifgercent were not able to
get the right number. Three appliances consumea power than all other
working appliances. Asking participants to find $eeappliances resulted in
90 percent choosing the three appliances corredtiyst 10 percent were
incorrect. Participants’ understanding was testg@sking how many watts
were needed until the power consumption reached. M¢Mety-five percent

got the right answer; (between 1001 — 1500 wattk)le 5 percent were not
able to get the right number. A dryer rated at 2008tts that runs

concurrently with several other appliances incregsaver consumption to

over the 5 kWh power limit. The task asked theipgants to switch off one
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or two appliances. Ninety-five percent of partanips were sufficiently aware
of this principle and chose the oven, while 5 petaaade no choice which
showed either a lack of understanding or delibagaterance of the principle.

The participants’ decisions were examined in tinalftask in the following
way. At 21:00 five appliances were running. Thetipgrants were asked to
select four out of these five appliances and switem off, to prevent the
energy consumption exceeding the maximum daily ggneusage. All
participants succeeded in this task by choosingutimeecessary appliances

from the five working appliances and switched thafn
5.9.1 User feedback in detailed visualization:

The general user feedback is illustrated by thieiohg points. The way
of displaying information was acceptable to all tiggwants as it was
clear and easy to use the application. Some pazatits said that
displaying information in this manner, gives a clgalication of power
consumption. It also gave the consumer informatéibout their energy
consumption and raised their awareness of theirsdfoald power
consumption. In addition, they believed that thispthy provides instant
information about power and energy consumption. Twerall

conclusion was that it helped them to be more awérelectric power

usage and the ways to improve it.

Participants thought that knowing the power condionpfor each
appliance was very useful. They thought that it Moassist them to
make better decisions about economical use of gn&tgey said that it
might also help to know which device consumes tlastnenergy. It
would also give them feedback about each appliancgbwer

consumption.

All participants indicated that they do like abstreepresentation better
than just numbers in the information representatidm abstract

representation facilitates participants’ understagdof the tasks and
their purpose and, with its user friendly interfademakes navigation

easer.
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In terms of analysis and observation, participanisally struggled in
using application. This resulted in one of the ipgrants failing to keep
the total energy use in the home below the maxinuamy target of
25000 watts, (see Figure 5.11).

SALFile 1™ =

EHIZE 808 al

1o select * from energypeak

Fiter 3 |Edt IEI?
. peakdid peakvalue partttid

» |1619 25060 7
1620 25060 7
1621 25060 7
1622 25067 i
1623 25067 7
1624 25067 7
1625 25105 7
1626 25105 i
1627 25105 7
1628 25105 7
1629 25105 7

Figure 5.11: Data in Database using query via
MySQL Workbench 5.2

The evidence of people struggling in using thisteaysis shown in the
first task. The first task was the easiest taskrehwas question for
determining the number of running appliances. Spauicipants were
not able to get the right number. However, whenpéicipants became
familiar with the application, they were able to kaahe right decision
for controlling the appliances and the power corion in the home.

Their observation became more precise as well.

In addition, participants’ awareness has increassolt the appliance
power consumption rate and total power consumpticghe home. When
the power consumption goes higher, they attemputédientify the causes

of this increase. They always looked for applianeegch were running
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in order to find which appliance consumed the highate of power

among all appliances that were on so as to switoff. i
5.9.2 Issues identified in detailed visualization:

Although all participants like the power and enevigualization design,
there were some design issues indicated by a feticipants. One of the
issues was that it would be useful to have mouse-pop-up of the
exact reading, instead of having to estimate basethhe meter. Another
issue was that it would be more effective if icaghts become bigger
and flashed quickly. Finally, it was thought thatvould be a useful idea
to have one dynamic graph representing all of gheliances’ power
consumption.

5.10 Abstract visualization:

The abstract visualization is similar to the deilvisualization in control
panel components. In other words, the same copamotls have been used
in both visualizations; detailed and abstract. Tdi#erence between
abstract and detailed visualization is shown in th@shboard data
visualization specifically in two components: vismag the power
consumption and variable rate visualization. Figh2 gives an overview

for the abstract visualization.
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Figure 5.12: Abstract visualization

Power consumption visualization and variable rataialization will be
covered in this section. However, the control psnehd appliances
visualization will be excluded in this section ogito their similarity with

detailed visualization design.
5.10.1Dashboard data visualization in abstract visualizabn:

This part will focus more on representing the powensumption and
variable rate visualization in abstract style vimaion because of the
similarity of dashboard data for representing hoarel appliances

visualization.
5.10.1.1Power consumption visualization in abstract visualiation:

Three types of meter were used to represent themposnsumption.
An abstract meter for power consumption has beed tesvisualize
the home power consumption. In Figure 5.13, theeciirpower
consumption meter shows the current power for gtlliances that
are running now. The power limit is highlighted bging a blue

vertical line.
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B Fower limit

Figure 5.13: Current power
consumption

meter.

Figure 5.14 shows the meter that represents tot@épconsumption
for the whole house from mid-night until the cutreime by
aggregating the data of all appliances. It alsawshihe energy limit
by using a blue vertical line highlighted in thesiact meter.

B Energy limit

Total power consumption

Figure 5.14: Total power
consumption

meter.

The final meter is an expected power consumptioteme&his meter
aims to show the expected power consumption fonéxt 24 hours

based on the current power usage, (see Figure.5.15)

Figure 5.15: Expected
power consumption

meter.

Three colours are used to visualize the statuswiep consumption

in all three abstract meters. Green indicates tiveep usage is low,
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while the yellow indicates average power usage raadis used to

indicate the higher power usage.
5.10.1.2/ariable rate visualization in abstract visualization:

A line bar was used to visualize and representdst of power per
kWh. This bar consists of two colours with an arrmnndicate the
cost of power. The green indicates the cost of ggowhen it is
normal, while the red indicates the increasing polmait or energy

limit when the rate of cost of power is increagseége Figure 5.16).

- MNZD
Rate per kWh L
(] Marmal Mz

Figure 5.16: Variable rate visualization.
5.11Results of evaluation of abstract visualization:

All participants in this study are familiar withishsystem specifically using
control panels due to their participation in theoprstudy. Asking the
participants about how many devices were on whay tidvanced the
current time until it become 8:00 was used to exanthe participants’
observation. The result was that 90 percent gotigt¢ answer, which was
three devices, while, 10 percent were not ablertwige the right answer.
Additionally, participants were asked to list theggpliances according to
their power usage from the highest to the lowestgdage of power usage.
Ninety percent of participants listed appliancesraxly while only 10

percent of participants listed appliances incolyect

To distinguish between the appliances’ status wesaj the question that
was used to test participants’ observation anddhelt of this question was
that 50 percent of participants indicated it wasyveasy to distinguish
between appliances that were switched on and agela that were
switched off; 40 percent indicated that it was extely easy to distinguish
between appliances that were switched on and aoeka that were
switched off; and about 10 percent said that it was$ very easy to
distinguish between appliances that were switchedied appliances that

were switched off.
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Participants were asked about the clarity of thpresentation of the total,
the current and expected power consumption. Hathefparticipants said
that the representation was extremely clear; 46gmersaid that it was very
clear; 10 percent said that it was somewhat cleapart of the clarity of

representation, there was a question about thigyatdithe representation of
power limit in the current power consumption mefére result was that 20
percent indicated that it was somewhat clear; 5@qm of participants’

responded that the representation was very clear;38 percent indicated

that the representation was extremely clear.

The unit of each meter was not displayed in thiglgt Thus, one extra
question was asked to examine participants’ unaledstg and ability to
link these units ‘kW’ and ‘kWh’ to the related cent power consumption
meter. Fifty percent of participants responded #\tis used to measure
the current power consumption meter and they getright answer. In
contrast, there was another question to relateethags to the total power
consumption meter. The outcome was that 90 peroénparticipants
responded that kWh is used to measure the totaépoansumption meter

and they got the correct answer.

When participants set the current time at 18:0€y there asked about how
many appliances were in an on state. All of thdigipants got the right
answer, eight appliances. Participants were aldedago select three
appliances that consume more power to run amorgg teght appliances.
All participants selected the three appliances emly. At 18:00, eight
appliances were on and the participants were atkedrn the dryer on.
This needs 2000 watts to operate, so this tasKktsesuoveruse of power
and the current power consumption which goes dwerpower limit. So,
participants’ action was examined in this task dyising them to switch off
one or two appliances to manage the power consamptonsidering the
appliance with the highest power consumption to iruerder of priority.

All participants succeeded in performing this taskl they chose the oven.

Digital meter and abstract meter were two typesefers that were used to
represent power consumption in the visualizatidrise participants were

asked which one of these meters was better foraisng the power
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consumption. Seventy percent of the participakisdlithe idea of using an
abstract meter for visualizing power consumptiothea than using the
digital meter; 30 percent answered that using @igreter was better than

using an abstract meter.
5.11.1User feedback in abstract visualization:

The representation of energy consumption in the ehevas clear and
satisfactory for all participants. Many of the jp@gants indicate that
displaying energy usage like this will help themntonitor their power
consumption. It will also assist them to becomerawd the utility that

consumes more power. Some of the participants veeliethat the

representation gave them a brief idea about howhrpower each device
is using. This encouraged them to make decisiorchaosing the right

appliances in the home.

Most of the participants indicated that abstragire@sentation is more
understandable and readable compared to using mardrgepresenting
data. Few participants suggested that it woulddigebif the information
representation combined both numerical and abstemtesentations,
specifically in terms of representing the curreotal and expected power

consumption meters.

The use of abstract meters was more desirable ttiamuse of digital
meters for visualizing the power consumption. Téason was that any
change in an abstract meter can be noticed moklguhan in digital
power meter. Another reason was that an abstratgrragracts the user
sight, while the digital meter did not catch théeation as much. The
user had to rely on the needle of the meter tocadtie change in the
digital meter.

In the abstract study, participants were more clemfi in performing all
tasks. This resulted in all participants succeedingeeping the power
consumption below the power limit and the maximuailydenergy use
targets. This also indicated that participants becanore aware of their
attitudes toward managing and controlling energgsomption in the
home through this simulation because of the fanitjiaof using the

system. The participants’ performed better thaiir fieor performance
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in the detailed visualization due to the claritytbé change these with
which it could be noticed specifically in the powsnsumption meter

representation.
5.11.2Issues ldentified in abstract visualization:
There were some issues indicated by the particgpant

1.0ne of the issues was that icon lights should teeen larger than
their current size.

2.Another issue was that if the numerical value hawchlmined with
the abstract meter it would have given more claty the
representation.

3.Some participants indicated that the position & Wariable rate
was not good; they suggested that it should be thdnan its
existing position and placed closer to the meters.

4.The final issue was that all devices should havenh®aced at the
same eye level to enable user to more easily digsh between

devices that are in on and off state.

5.12 Summary:

Some points were covered in this chapter suchvasggan overview about
the system architecture, participants’ feedbackutleach study ‘detailed
and abstract study’ individually. In addition, thehapter provided an
overview about some issues identified by participas well as supplying
the evaluation for each study. Chapter 7 will foars comparing and
contrasting these studies as well as discussingl@eainderstanding of the

concept of power and energy via the abstract study.

69



6 Implementation of the test-bed for detailed and astract

visualization:

Power and energy visualization in the home is dmenveb based application.
It is hosted and managed by Waikato University, avas developed to
evaluate and compare the effect of detailed anttaadbwisualization. All files,
such as PHP files, flash files and database filese uploaded to the Waikato
University server. There were two phases involvedeaveloping this webpage.
The first was the development stage and it was amphted on a local
machine. The second stage was the production stagieét was implemented
on the Waikato University server.

6.1 Development stage:
6.1.1 Hardware:

An hp laptop was used to implement the developratage. It has a 500
GB hard drive and a 4 GB RAM and runs on Intel®&8ri3 CPU.

6.1.2 Software:

The Operating System was Windows 7 Professionadthition, apache?2
was installed and used to run this machine as\&eiseMySQL 5 was
also installed and used to manipulate the databeassgting tables,
inserting and querying data. Dreamweaver was used ol to write
most of the code, PHP script and HTML. Flash CS#&S used to draw
the visual design of the system and control it fjg Actionscript3.

6.2 Production stage:
6.2.1 Hardware:

Waikato University’s server was used to impleméet production stage.
The server has a 200 GiB hard disk and 4 GiB RAM mams on Dual-
core CPU.

6.2.2 Software:

The Operating System of the Waikato University sers CentOS 5.7.
MySQL 5.0.7 and it was used to manipulate the getalon the Linux

server. Apache 2.2.3 / PHP 5.3.3 was installedherLinux server to run
70



PHP files and related files. In addition, threeleggpions were used to
connect, transfer and manipulate data on the seputty 0.60, WinSCP
4.3.2 and MySQL Workbench 5.2 CE.

Putty 0.60. used to connect the server using SHH Tunnel.
WInSCP 4.3.2 used to transfer data form developed machine
“Laptop” to the production machine known as the
“Waikato University server”.
MySQL Workbench 5.2 CE: used to create, manipulate and query
the database.

6.3 Physical setup and data access:

The experiment was ready to use when all studg fNere uploaded to the
Waikato University’s server. It could be access®anfany location with the
availability of computer and internet connectionos¥l participants did the
user study using their own computers and they titbm their home when

we had the workbench.
6.3.1 Tablet and Phones:

Most tablets and smart phones with Android opegasiystems can open
and run this application. Figure 6.1 demonstratesing the power and
energy visualization at home using ZEPAD Tablehvanhdroid 2 as its

operation system.
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Figure 6.1: Power and energy visualization runZBRAD Tablet.

However, this study cannot be run on some tablets ssmart phones
such as iPad and iPhone due to limitation of supppflash contents in
the project. Apple does not support flash filesteroperating system.
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7 Discussion:

This chapter reflects on the user studies carrigdar the thesis and described
in Chapter 5 It also explores the outcome of the study on people’s
understanding of power and energy concepts, and drowppreciation of this

understanding can inform the design of energy Vizsat#ons in the home.

7.1 Comparing and contrasting between the detailed andbstract

study:

The abstract representation of representing thee lkgt several advantages. In
both studies, detailed and abstract visualizattadiss, participants liked the
abstract representation more than numerical reptasen for visualizing
energy use in the home. The abstract visualizatiody was more attractive
for participants specifically for visualizing therecent, total, expected power
consumption because of the attractive display, thedincrease or decrease
displayed in power consumption which was quicklyiceable. However, this
part of the study will compare and contrast betweetailed visualization and
abstract visualization for participants’ evaluatitimee feedback and the issues

that were identified by the participants.

There are a large number of similarities in pagpfcits’ opinion regarding

distinguishing between detailed visualization absiti&ct ones.

1. In the abstract visualization, almost half the ipgraints believed that it
is easy to distinguish between appliances whichsaiéched on and
the appliances which are switched off. This is Emio participants’
response in the detailed visualization study, whaeut half the
participants answered that it was very easy tongjsish between the

appliances which were switched on or switched off.

2. A third of the participants in the abstract studgicated that it was
extremely easy to distinguish the appliance stathgs was similar to
the participants’ opinions in detailed study.

3. Half of the participants in the abstract study oaded that the

representation of power limit was very clear, whveais again similar
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to participants answer in the detailed study, whalreost half of
participants answered that the peak demand repgegsenwas very

clear.

4. Participants in the detailed study believed tha wWay of showing
energy use data in the home was acceptable and Tlaa is similar
to participants’ feedback in the abstract studyemehthey indicated
that the representation of energy use in the home also clear and

satisfactory.

5. Participants’ feedback in the detailed study shaal knowing the power
for each appliance was useful. This is similaradipipants’ feedback
in the abstract study; where participants belietheat displaying the
power use for individual devices was beneficiamide them become

aware of the appliances that might consume morespow

6. In both studies, most of the participants’ feedbaas similar. The
participants believed that the abstract representatvas more

understandable and readable than numerical repedieen

7. Participants indicated that including a numericalue to represent the
exact reading for power energy meter would havergwore readable
understanding and clarity for power meter repregent in both
studies. This was similar to the Rodgers and Bartrasults (2011)
which stated that “we also note the desire to henee detail on
demand in the displays: participants indicated thiegd the artistic
feedback but wanted to ‘see the numbers’ in cersitnations”
(p.2496). The final similarity was that participamtgreed that, for both

studies, icon lights should have been larger thair turrent size.

On the other hand, there were some differencesdagtvabstract study and

detailed study.

1. The belief of participants about the clarity of raunt, total and expected
power consumption representation in each studydifeyent. Half of
the participants in the abstract study believed tisang abstract meter
to visualize the current, total and expected pow@rsumption was

extremely clear. In contrast, more than half of plaeticipants thought
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that using numerical detailed meter to represeatctirrent, total and

expected power consumption was very clear.

2. The participants’ feedback about comparing the ofs¢he abstract
meter with the digital meter for visualizing powese in the home was
that most of the participants agreed that usingalasiract meter in

visualizing power use was better than using aaigieter.

3. Another difference in terms of issues was iderdifiiyy users was that
participants in the abstract study suggested bigavariable rate should
have been moved from its existing position to aeotbosition which
would be closer to the meter in order to see tlangé in the variable
rate. In contrast, participants in the detailedigtproposed that having
one dynamic chart for representing the entire appk’ power use

would enhance the application.

The analysis and observation of participants’ ieast and performance in
both user studies showed that only one participaas not able to keep the
total energy consumption below the maximum dailgrgg use target. The
majority of participants succeeded in keeping therent and total power
consumption under the power and energy limit targétile using both styles
of visualization.This indicated that, in both studies, participantse aware

of managing energy in the home through the simaatand their

consciousness has risen about the concept of pamgrenergy use in the

home.

7.2 People understanding the concept of power and eneryia

abstract visualization study:

The availability of a smart energy application fapnitoring energy use in
the home will not require users to be fully knovgedble about the concept
of power and energy to control their home energysamption. The finding
of the user study was that users acted positivaly efficiently in both
detailed and abstract studies. The evidence inishdrawn from one task
asking participants in both user studies to switfhone or two appliances

with the highest power consumption among runningliapces in order to
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avoid power consumption going over the limit. Madt the participants

targeted the oven because of its higher rate oepaansumption.

However, there was a question asked to examine ghgicipants

understanding by making them choose one of thes letween ‘kW’ and

‘kWh’ which would correspond to the current pow@nsumption meter in
abstract study. Only half of them were able to et right answer. This
meant that people lacked understanding the corafeppwer and energy in
term of the scientific meaning (Hirca et al., 200B)is is similar to the main
finding in the Chapter 3 reported from the firstnay that studied the
understanding of the relationship between powereratgy, which showed
that some participants had a limited understandinthe concept of energy

and power and the relationship between them.

Although some participants have a limited undeditam of the concept of
power and energy, they were able to manage thelaiom and implement
the tasks effectively. The limitations did not peav participants from
achieving tasks and controlling the simulation footh applications in
visualizing power use in the home. This is similaranother finding in
Chapter 3, that participants can manage their gremgsumption even if they
do not understand the power, energy relationshigs has driven us to
conclude that people can manage their home enesggumption in an
appropriate way when they have an access to theierenergy consumption
data using smart devices or smart applicationcffdy, even if they do not
have sufficient knowledge about the concept of paavel energy use in their

homes.

Although there is positive effect of understandihg concept of power and
energy in changing people’s attitude toward corniegrenergy in the home
and it might help to reduce energy consumption Dyp&rcent of home
energy use (Blizzard, 2010), this understandingas an essential issue to
conserve the energy use in the home. One of odiesfufindings was that
participants in abstract and detailed visualizatemted and managed the

simulation equivalently.

Some participants believed that combining the vVisagon with the
numerical value would have provided more claritghe representation. This
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is similar to Kim et als.’s (2010) findings, whigkere that “35.2% of Coralog
users wanted to see numerical data expressed @ishetectricity used or
monetary expenses for a further motivation towangrgy conservation"”
(p.113). People need not be fully aware of the ephof power and energy to
manage their energy use in their home especiallgnwbmploying the
technology to guide households to conserve theméh@nergy usage by
providing immediate feedback to increase the hoalsshawareness.
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8 Conclusion and Future work:

8.1 Conclusion:

The research described in this thesis was undertikevestigate how well
people understood the relationship between poweremergy and also how
this understanding affects the household’s manageafeenergy, along with
the type of information which might be needed bg fleople for making
decisions to conserve energy in the home througstieyg technologies. It
also studies the effect of using more detailedaligation as compared to the
abstract visualization for identifying the desimabhformation visualization
that would be useful for many people to make infdndecisions about

energy consumption in their home.

The result was that participants had limited undeding of the relationship
between power and energy. However, this limitatiaas not an obstacle to
these participants in managing their home energgrder to save money.
Additionally, the statistical relation between papants’ understanding and
their behavior in management of energy consumgpiiotheir home was a

positive weak correlation.

Another significant result was that abstract vieaion was more beneficial
and acceptable than detailed visualization for maistthe participants.
Particularly, using abstract meter for represenpoger consumption in the
home was better than using a digital visualizatioeter because of clarity
and the attractive display. In addition, some pgréints believed that adding
numerical value to the visualization would havevmted more clarity to the
representation. In the abstract visualization, s@aicipants indicated that
numbers were essential in specific circumstancel as during the current
power consumption, display would have been pregigethe combination of

numbers and abstract visualization.

The result of comparing and contrasting the detailend abstract
visualizations was that there was more similartyparticipants’ perspectives
than differences. In both studies, participantsiebed that abstract
representation was more useful and clear thanuheerical representation in

visualizing home energy consumption. There were esalifferences were
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suggested by the participants. Some participarggesied that moving the
variable rate to another location would have beenry useful in the abstract
visualization, and some participants recommendatl iticluding graphs in

the detailed visualization would have given theegpntation more clarity.

Although abstract visualization was more attractittean the detailed
visualisation, participants suggested combiningvith numbers since that
would give more clarity for abstract representatidhis is not discussed by

this research, so this new issue should be explaorkdther studies.
8.2 Future work:

Having established the base further research dmeildone to investigate the
outcome of using abstract visualization combiningith numerical value as
suggested by the participants. In addition, ingasitbn can be made for the
best place in the home to display this informatas well as finding the best
media to display this information: iPhone, iPad, ©¥ laptop. And now
armed with the knowledge that abstract seems bgkehaps there is a need

to explore different abstract visualisations ad asglrelated issues.
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Appendices

Appendix A

Ethical Approval

Computing and Mathematical Sciences
Rorohiko me nga Pataiao Pangarau

The University of Waikato

Private Bag 3105

Hamilton

New Zealand

H'}‘ ¥} THE UNIVERSITY OF

N WAIKATO

M Te Whare Wananga o Waikato

Phone +64 7 838 4021
www.scms.waikato.ac.nz

8 September 2011

Mohammed Al Mutirui

C/- Department of Computer Science

THE UNIVERSITY OF WAIKATO

Dear Mohammed

Request for approval to conduct a user study involving human participants

| have considered your request to conduct a user study for your Masters Thesis project “Energy
and power use in the home”. The project will study how people understand the concepts of
energy and power and the difference between them.

The procedures described in your request are acceptable.

| note your statement that confidentiality and participant anonymity will be strictly maintained.
Data gathered will be used for statistical analysis only and no names or other identifying
characteristics will be stated in the final or any other reports.

Data will be confidentially stored in the FCMS data archive.

The research participants’ information sheet, consent form, and questionnnaire meet the

requirements of the University’s human research ethics policies and procedures.

Yours sincerely,

W o s

Mike Mayo
Human Research Ethics Committee
Faculty of Computing and Mathematical Sciences
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Appendix B
Participant’s Workbook

Research Consent Form

6"""""'3
a * THE UNIVERSITY OF

WAIKATO

Te Whare Wananga o Waikato

Ethics Committee, Faculty of Computing and Mathemaital Sciences

(Energy and power use in the home)
Consent Form for Participants
| have read théarticipant Information Sheet for this study and have had the
details of the study explained to me. My questiabsut the study have been
answered to my satisfaction, and | understandIthay ask further questions at

any time.

| also understand that | am free to withdraw frdme study before researcher
begins analyzing the collected data, or to decliomeanswer any particular
questions in the study. | understand | can withdiaavw information | have

provided up until the researcher has commenced/sinabn my data. | agree to
provide information to the researchers under theditmns of confidentiality set

out on theParticipant Information Sheet

| agree to participate in this study under the @ons set out in thé&articipant

Information Sheet.

Signed:

Name:

Date:

Researcher's Name and contact information:

Mohammed Al Mutirui
Email: Mohammed1022@hotmail.com

Supervisor's Name and contact information: (if aggidle)

Dr Mark Apperley

Email: m.apperley@cs.waikato.ac.nz
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Initial Questionnaire
Please answer the following general questions tw lgest ability: (Please circle)
1.What is your age group?
a.< 20 b. 20-29 c. 30-39. 40-49 e. >50
2.Gender:
a. Male b. Female
3.In what type of home do you live?
a.Home b. Flat. c.1Bedroom self contained unitd. Studio.
4.What is the total number of people in your housé®ol
a.l b.2 ¢c.3 d.>3

5.How many rooms (bedrooms, Living rooms, and kitgldoes your home

have?

a.1 b.2 c.> 3 (Please specify): ----------------
6.Have you ever take responsibility for paying eliedly bills?
a.Yes b.No

7.What is the average cost of your household elagticonsumption per

month?
a. < $50b. $50-$100.c. $100-200d. $200-$300e.> $300

8.What is the approximate total annual income ofre@mbers of your

household?
a. <$30,000 b. $30,000 - $60,00Cc. $60,000 - $90,000

d. $90,000 - $150,000e. > $150,000
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Energy Consumption:

9.While you are cooking dinner, would you expeckitergy consumption to

remain the same as usual or more energy to bedusedy that period?
a.The same energy consumption will be used.
b.More energy consumption will be used.

Could you explain your answer?

10.You have just returned from the supermarket wikbaal of food which
you immediately put into your refrigerator. Ovee thext hour, would you

expect the refrigerator to use more energy thaalusu the same as usual?
a.A. The same energy as usual.
b.More energy than usual.

Could you explain your answer?

11.A. Your refrigerator has a label that says its ratingOOwatts. How much
energy might you expect it to use over a 10-houiope
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B. If it used significantly less than this, would ybe able to explain why

this might be?

12.Can you place the following in order by their tatakt of operation,

largest (4) to smallest (1)?
a. A 20watt light left on for 10 hours; (------- )
b. A 1000watt microwave oven used for 6 minutes ta deaer ;(---)
c. A 1500watt electric kettle used for 3 minutes td bater; (-------- )
d. A 10 watt mobile phone charger left plugged-in2drhours; (-----)
13. Consider the following list of appliances:

a. An electric blanket rated at 70 watts;

b. A vacuum cleaner rated at 1600 watts;

c. A laptop computer, whose charger is rated at 8@syvat
d. A power saw rated at 2500 watts;

In typical use, which would you expect to contriothie most to your
monthly electricity bill? Which you expect to cobuite the least? Can
you explain your answers?

14.What would you expect to be more efficient; a 2 k¥tle or; a 1 kW

kettle, and why?
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15. A. Order the efficiency of these heaters; (1)riwst efficient to (4) the

least efficient.

a. Oll heater (.............. )

(on

. Fan heater (.............. )

. Convection heater (.............. )

O

o

Heat pump (.............. )

16. When you raise the thermostat temperature of eehtawarm up a cold
room faster; will it use more power? Will it use r@nergy? (Explain

your answers)
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Managing your electricity consumption:

17.Have you ever made any serious attempt to red@cedst of your
electricity bill?
a. Yes.
b. No.

If yes, which means have you used?

18.Have you installed any device or program to monytmur electricity

consumption and help you manage it?
a. Yes.
b. No.

If yes, what sort of device or monitor have youdjssnd how effective is
it?

19.Do you check the power rating of an appliance leejau buy it?
a. Yes.
b. No.

If yes, can you explain why?
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20. (i).What is the main type of heating you use in younb®
a. Central heating
b. Electric heaters
c. Fireplace
d. Air-conditioning / Heat pump

e. Other. (Please specify): A —

(i) Do you use any other form of heating for your h8me

a- Yes. (Please Specify): -------=---mmmmmmmmeo e
b- No.

21.Do you consciously turn off heaters, electricallegmres and lights when

they are not in use?
a. Yes
b. No

If yes, could you please explain your answer?

22.Do you turn appliances off at the wall insteadeaiing them on standby

power?
a. Yes
b. No

If yes, could you please explain your answer?
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23.What single appliance do you think consume the raostgy in your

home?

24.Have you made a censorious effort to reduce theiaey of the

following, and why?

a. Electric heaters

b. TV

c. Laptop

d. Air-conditioning / Heat pump
e. Clothes Dryer

f. Dishwasher
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Appendix C

Ethical Approval

Computing and Mathematical Sciences

Rorohiko me nga Pitaiao Pangarau THE UNIVERSITY OF

The University of Waikato T
Private Bag 3105 v ‘/ A I K A

H il 7] 7. P
N:"I"legland Te Whare Wananga o Waikato

Phone +64 7 838 4021
www.scms.waikato.ac.nz

8 Febuary 2012

Mohammed Al Mutirui

C/- Department of Computer Science

THE UNIVERSITY OF WAIKATO

Dear Mohammed

Request for approval to conduct a user study involving human participants

| have considered your request to conduct a user study for your COMP594 research project
“Power and energy visualization in the home”. The project will study the effect of using more
detailed information in the visualization of daily energy use in the home.

The procedures described in your request are acceptable.

| note your statement that confidentiality and participant anonymity will be strictly maintained.
Data gathered will be used for statistical analysis only and no names or other identifying
characteristics will be stated in the final or any other reports.

Data will be confidentially stored in the FCMS data archive.

The research participants’ information sheet, consent form, and questionnaire meet the
requirements of the University’s human research ethics policies and procedures.

Yours sincerely,

Mike Mayo
Human Research Ethics Committee
Faculty of Computing and Mathematical Sciences
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Appendix D

Participant’s Workbook

Research Consent Form
g""‘ THE UNIVERSITY OF
| WAIKATO
Q 4;' Te Whare Wananga o Waikato

Ethics Committee, Faculty of Computing and Mathemaital Sciences

(Power and energy visualization in the home)
Consent Form for Participants
| have read théarticipant Information Sheet for this study and have had the
details of the study explained to me. My questiabsut the study have been
answered to my satisfaction, and | understandIthay ask further questions at

any time.

| also understand that | am free to withdraw betbeestudy is commenced on the
collected data , or to decline to answer any palgircquestions in the study. |
understand | can withdraw any information | havevided up until the researcher
has commenced on my data. | agree to provide irdbom to the researchers
under the conditions of confidentiality set out thre Participant Information
Sheet

| agree to participate in this study under the @ons set out in thé&articipant

Information Sheet.

Signed:

Name:

Date:

Researcher’'s Name and contact information:
Mohammed Al Mutirui
Email: Mohammed1022@hotmail.com

Supervisor's Name and contact information: (if aggidle)

Dr Mark Apperley

Email: m.apperley@cs.waikato.ac.nz
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Initial Questionnaire
Please answer the following general questions tw lgest ability: (Please circle)
1.What is your age group?
a.<20b. 20-2%.30-39d. 40-49e. >50
2.Gender:
a.Male b. Female
3.How long have you been using a computer for?
a.< 1lyearb. 1-5 yearsc. 6-10 yearsl. > 10 years
4.For how many hours do you use computers in a ti/pig?
a.. < 1 hour b. 1-3 hoursc. 4-8 hoursl. > 8 hours
5.Have you ever taken responsibility of paying elettir bills?
a.Yes b.No
6.What is the average cost of your electricity congtiom per month?
a.< $50 b. $50-$100 c.$100-$150

d. > $150
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Tasks and their questionnaires

Please perform the six tasks that are listed below:
Task 1: Advance the time:
Note:

You should check what the current time is, how magewyices are ON,
what the current power consumption, total poweiscomption and the
expected power consumption are before each task.

In this task, you should advance the time up uhéltime becomes 8 am or

slightly over:

1. Go to the advance time panel at the top of the.page
2. See what the current time is and then calculateihawy minutes you

need to advance the time until become 8 am dnttfigver.
Questionnaire:
7.How easy was this task?
a.Not at all.
b.Not very easy.
c. Somewhat
d. Very easy
e.Extremely easy
8.How clear is the representation of device time ffane
a.Not at all
b. Not very clear
c. Somewhat
d.Very clear

e.Extremely clear.
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9.When you advance the time until it becomes” 8 ansfightly over, how

many devices are ON?

10.Can you list these appliances according to theip@rtion of power
consumption from the highest consumption (1) toltheest consumption
(3)?

11.How easy was it to distinguish between applianbaswere switched ON

and appliances that were switched OFF?
a.Not at all.
b.Not very easy
c. Somewhat
d.Very easy
e. Extremely easy.

12.Do you notice any change occure in this representathen you advance

the time until it becomes” 8 am “or slight over?

a.Yes. (If yes, please specify) b. No
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Task 2: Switching kettle on:

Note:

You should check what the current time is, how magwyices are ON,
what the current power consumption, total powersoomption and the

expected power consumption are before each task.

In this task, you are required to switch the keattiefor 30 minutes. You should

do these steps to switch kettle on:

e e m e m e m e ——————— S e e — - N

Note: The kettle consumption = 800 W

M e e e e e e ] N e e - 4

1.Go to theswitch on panelat the left side of the page.
2.From appliance selekettle
3.Forstart time set up the time:
o Hour =8
0 Minute =00
4.Forend time set up the time:
o Hour =8
0 Minute = 30
5.Then click theswitch on button.
Questionnaire:
14.How easy was this task?
a.Not at all.
b.Not very easy
c. Somewhat

d.Very easy

e.Extremely easy.
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15.Three things are affected by switching the kettid, ©ould you please
write two of these things down?
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16.How clear is the representation of the currengltand expected power

consumption?
a.Not at all
b.Not very clear
c. Somewhat
d.Very clear
e.Extremely clear.

17.How easy was it to use the switch on panel to tiierappliance on?
a.Not at all
b. Not very easy
c. Somewhat
d.Very easy
e. Extremely easy.

18. Do you have any comment about this task?
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Task 3: Switching microwave on
Note:

You should check what the current time is, how magewyices are ON,
what the current power consumption, total powersocomption and the

expected power consumption are before each task.

Before starting this task, advance the time up timi current time

becomes 13:00 or slight over 13:00.

In this task, you should switch the microwave ondoe hour.

1. Go to the switch on panel at the left side of thgep
2. From appliance seleaticrowave
3. Forstart time set up the time:
a.Hour =13
b. Minute = 00
4. Forend time set up the time:
a. Hour =14
b. Minute = 00

5. Then click the switch on button.
Questionnaire:
19. How easy was this task?
a.Not at all
b. Not very easy
c. Somewhat

d. Very easy

e. Extremely easy
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20. Which appliance do you think consumes the highestqgrtion of the current

power consumption now and why?

21. How many watts are needed until the current powasgmption reaches the
peak demand which is 5 kW after switching the miaee ON?
a. 500 watts
b.1000 watts
c. 1500 watts
d. 2000 watts.
22. How clear is the representation of the peak denmatite current power
consumption meter?
a.Not at all
b. Not very clear
c. Somewhat
d. Very clear
e. Extremely clear.
23. Do you have any comment about this task specijita# peak demand

representation?
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Task 4: Switching washing machine on
Note:

You should check what the current time is, how magewyices are ON,
what the current power consumption, total powersoomption and the

expected power consumption are before each task.

Before commencing this task, advance the time dibthe current time

becomes 18:00 or slightly over 18:00.

In this task, you should switch the washing maclonédor two and a half

hours.

1. Go to the switch on panel at the left side of thgep
2.From appliance select washing machine
3. For start time set up the time:
a.Hour =18
b. Minute =00
4. For end time set up the time:
a.Hour =20
b. Minute = 30

5. Then click the switch on button.
Questionnaire:
24.How easy was this task?
a.Not at all
b.Not very easy
c. Somewhat
d.Very easy

e.Extremely easy
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25.How many appliances are ON?

26. List the names of three appliances that consumbigfmest power
consumption of all working appliances?

27. After switching the washing machine ON, how manytsvare needed
until the current power consumption reaches th& peanand which is 5
kw?

a.500 -1000 watts
b.1001 - 1500 watts
c.1501 - 2000 watts.

28. Do you have any comment about this task?
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Task 5: Switching dryer ON
Note:

You should check what the current time is, how magewyices are ON,
what the current power consumption, total powersoomption and the

expected power consumption are before each task.

1

i Please note that if the power goes over (5kW)jlitraise
: the rate per kwWh from 0.25 to 0.30 NZD.
1
1
1

Before starting this task, choose one of the appéa that consume more
power during its operation and switch it off in erdo keep the

instantaneous peak below 5 kW.

In this task, you should switch the dryer on footours.

1.Go to the switch on panel at the left side of thge
2.From appliance seledtyer

3.Forstart time set up the time:

a.Hour =18

b.Minute = 00
4.Forend time set up the time:

a. Hour =20

b.Minute = 00

5.Then click the switch on button.

112



Questionnaire:
29.How easy was this task?
a.Not at all
b.Not very easy
c. Somewhat
d.Very easy
e.Extremely easy.

30. Which appliance did you chose to switch off and why

31.Does the current power consumption go over the deatand of 5 kW

after switching dryer on?
a.Yes
b.No

32.Which appliance has the highest power consumpéitsnaf all the

working appliances?
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Task 6: Switching four appliance off
Note:

You should check what the current time is, how magewyices are ON,
what the current power consumption, total powersoomption and the

expected power consumption are before each task.

Before beginning this task, advance the time up tha current time
becomes 21:00 or slight over 21:00.
You should look at the appliances in the main @igpYou will see five

appliances that are working.

In this task, you should switch four of these agqupdies off to keep the daily
maximum energy usage at the daily target or belendaily target which is 25
kWh in order to avoid increasing the rate per k\Wimf 0.25 to 0.30 NZD.

1. Go to the switch off panel at the left side of Hagye.

2. From appliance ( select one of the appliancesishat and then switch it
off)

3. Then click the switch off button

Could you please redo the second and third stepsitoh the rest of these
appliances off?
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Questionnaire:
34.How easy was this task?
a.Not at all
b.Not very easy
c. Somewhat
d.Very easy
e.Extremely easy.

35. Which four appliances did you chose to switch off?

36.Do you notice any change in the variable rate péhkwhy?
a.Yes
b. No

37.Do you have any comment about this task?
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Post-Study Questionnaire
38.Do you think a display like this would be useful?
a.Yes

b.No

39.Did you find it useful to know how much power eatgvice used?

a.Yes b.No

40. Are the pictorial representations better than jushber?
a.Yes

b.No

41.Do you have any overall comment about the poweswamption

representation?
a.Yes
b. No

Comment:

42.Could you please suggest other ways of represehttigthe power

consumption and the appliance icons?
a. Yes b. No

Suggestion:
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Appendix E

Ethical Approval

Ci ing and Math

Rorohiko me nga Piitaiao Pangarau THE UNIVERSITY OF
The University of Waikato

Private Bag 3105 V VAI KATO
Hamilton

New Zealand Te Whare Wananga o Watkato

Phone +64 7 838 4021
www.scms.waikato.ac.nz

3 April 2012

Mohammed Al Mutirui

C/- Department of Computer Science

THE UNIVERSITY OF WAIKATO

Dear Mohammed

Request for approval to conduct a user study involving human participants

| have considered your request to conduct a second user study for your Masters Thesis project
“Power and Energy visualization in the home”. The project will study the effect of using less
detailed information in the visualization of daily energy use in the home.

The procedures described in your request are acceptable.

I note your statement that confidentiality and participant anonymity will be strictly maintained.
Data gathered will be used for statistical analysis only and no names or other identifying
characteristics will be stated in the final or any other reports.

Data will be confidentially stored in the FCMS data archive.

The research participants’ information sheet, consent form, and questionnaire meet the

requirements of the University’s human research ethics policies and procedures.

Yours sincerely,

20V

PP Mike Mayo
Human Research Ethics Committee
Faculty of Computing and Mathematical Sciences
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Appendix F

Participant’s Workbook

Research Consent Form e
a E@ THE UNIVERSITY OF
WAIKATO
Q / Te Whare Wananga o Waikato

Ethics Committee, Faculty of Computing and Mathemaital Sciences

(Power and energy visualization in the home)

Consent Form for Participants

| have read théarticipant Information Sheet for this study and have had the
details of the study explained to me. My questiabsut the study have been
answered to my satisfaction, and | understandIthay ask further questions at

any time.

| also understand that | am free to withdraw betbeestudy is commenced on the
collected data, or to decline to answer any pddicquestions in the study. |
understand | can withdraw any information | havevided up until the researcher
has commenced on my data. | agree to provide irgbom to the researchers
under the conditions of confidentiality set out thre Participant Information
Sheet

| agree to participate in this study under the @omas set out in théarticipant

Information Sheet.

Signed:

Name:

Date:

Researcher's Name and contact information:

Mohammed Al Mutirui
Email: Mohammed1022@hotmail.com

Supervisor's Name and contact information: (if aggidle)
Dr Mark Apperley

Email: m.apperley@cs.waikato.ac.nz
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Initial Questionnaire
Please answer the following general questions tw lgest ability: (Please circle)

1.What is your age group?
a.< 20
b.20-29
c.30-39
d.40-49
e.>50

2.Gender:
a.Male
b.Female

3.How long have you been using a computer for?
a.< 1year
b.1-5 years
€.6-10 years
d.> 10 years

4.For how many hours do you use computers in a ti/pig?
a.< 1 hour
b.1-3 hours
c.4-8 hours
d.> 8 hours

5.Have you ever taken responsibility of paying elettir bills?
a.Yes

b.No
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6.What is the average cost of your electricity congtiom per month?
a.< $50
b.$50-$100
c.$100-$150

d.> $150
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Tasks and their questionnaires

Please perform the six tasks that are listed below:
Task 1: Advance the time:
Note:

You should check what the current time is, how maewyices are ON,
what the current power consumption, total poweiscomption and the
expected power consumption are before each task.

In this task, you should advance the time up uhéltime becomes 8 am or

slightly over:

1.Go to theadvance time paneht the top of the page.
2.See what theurrent time is and then calculate how many minutes you

need to advance the time until beca®rem or slightly over.
Questionnaire:
7.How easy was this task?
a.Not at all
b.Not very easy
c. Somewhat
d.Very easy
e.Extremely easy.

8.How clear is the representation of device time ffane
a.Not at all
b.Not very clear
c. Somewhat
d.Very clear
e.Extremely clear.

9.When you advance the time until it becomes” 8 ansfightly over, how
many devices are ON?



10.Can you list these appliances according to theip@rtion of power
consumption from the highest consumption (1) toltheest consumption
(3)?

11.How easy was it to distinguish between applianbaswere switched ON

and appliances that were switched OFF?
a.Not at all
b.Not very easy
c. Somewhat
d.Very easy
e.Extremely easy.

12.Do you notice any change occure in this representathen you advance

the time until it becomes” 8 am “or slight over?
a.Yes. (If yes, please specify)

b.No
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Task 2: Switching kettle on:

Note:

You should check what the current time is, how magewyices are ON,
what the current power consumption, total powersoomption and the

expected power consumption are before each task.

In this task, you are required to switch the keattiefor 30 minutes. You should

do these steps to switch kettle on:

1.Go to the switch on panel at the left side of thge
2.From appliance select kettle
3.For start time set up the time:
a.Hour =8
b. Minute = 00
4.For end time set up the time:
a. Hour =8
b. Minute = 30

5.Then click the switch on button.
Questionnaire:
14.How easy was this task?
a.Not at all
b.Not very easy
c. Somewhat

d.Very easy
e.Extremely easy.
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15.Three things are affected by switching the kettid, ©ould you please
write two of these things down?

16.How clear is the representation of the currengltanhd expected power

consumption by using network monitor live visualiaa?
a.Not at all
b.Not very clear
c. Somewhat
d.Very clear
e.Extremely clear.

17.Which of these units is relevant to the current @oeonsumption meter?
a.kwW
b.kWh

18. Which of these units relates to the total powersconption meter?
a.kw
b.kWh

19.How easy was it to use the switch on panel to tiierappliance on?
a.Not at all
b.Not very easy
c. Somewhat
d.Very easy
e.Extremely easy

20.Do you have any comment about this task?
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Task 3: Switching microwave on
Note:

You should check what the current time is, how magewyices are ON,
what the current power consumption, total powersoomption and the

expected power consumption are before each task.

Before starting this task, advance the time up timi current time

becomes 13:00 or slight over.

In this task, you should switch the microwave ondoe hour.

1.Go to the switch on panel at the left side of thgep
2.From appliance select microwave
3.For start time set up the time:
a.Hour =13
b.Minute = 00
4.For end time set up the time:
a. Hour =14
b. Minute = 00
5.Then click the switch on button.
Questionnaire:
21.How easy was this task?
a.Not at all
b.Not very easy
c. Somewhat

d.Very easy

e.Extremely easy.
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22.Which appliance do you think consumes the highextqgation of the

current power consumption now and why?

23.How many bars are needed until the current poweswmption reaches
the peak demand which is highlighted by a blueie@rtine after
switching the microwave ON?
a.Zero
b.One
c. Two
d.Three
24. How clear is the representation of the power limihe current power
consumption meter?
a.Not at all
b.Not very clear
c. Somewhat
d.Very clear
e.Extremely clear.
25.Do you have any comment about this task specifiché peak demand

representation?
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Task 4: Switching washing machine on
Note:

You should check what the current time is, how magewyices are ON,
what the current power consumption, total powersoomption and the

expected power consumption are before each task.

Before commencing this task, advance the time dibthe current time

becomes 18:00 or slightly over.
In this task, you should switch the washing maclindor two and a half hours.

______________________ U S0 gy
.

Note: The washing machine consumption = «

.
______________________ N e - ———

h)

J

1.Go to the switch on panel at the left side of thgep
2.From appliance select washing machine
3.For start time set up the time:

a.Hour =18

b.Minute = 00
4.For end time set up the time:

a.Hour =20

b. Minute = 30
5.Then click the switch on button.

Questionnaire:

26.How easy was this task?

a.Not at all

b.Not very easy

c. Somewhat

d.Very easy

e.Extremely easy.
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27.How many appliances are ON?

28.List the names of three appliances that consumbigfest power
consumption of all working appliances?

29. After switching the washing machine ON, how mangskae needed until
the current power consumption reaches the peakmttmhbich is
highlighted by a blue vertical line?

a.zZero
b.One
c.Two
d.Three

30. Do you have any comment about this task?
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Task 5: Switching dryer ON
Note:

You should check what the current time is, how magewyices are ON,
what the current power consumption, total powersoomption and the

expected power consumption are before each task.

Please note that if the power goes over the pawst;, it will raise
the rate per kWh from normal to maximum NZD.

Before starting this task, choose one of the appéa that consume more
power during its operation and switch it off in erdo keep the current power
below the peak demand which is highlighted by a blertical line.

In this task, you should switch the dryer on footours.

mm e m e ——————— e e e — - N

Note: The dryer consumption = 2000 W;

P e e e e e e e e = e e e e - N - - - — - J

1.Go to the switch on panel at the left side of thge
2.From appliance select dryer
3.For start time set up the time:
a.Hour =18
b.Minute = 00
4.For end time set up the time:
a. Hour =20
b.Minute = 00
5.Then click the switch on button.
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Questionnaire:
31.How easy was this task?
a.Not at all
b.Not very easy
c. Somewhat
d.Very easy
e.Extremely easy.

32.Which appliance did you chose to switch off and why

33.Does the current power consumption go over the deatkand after

switching dryer on?
a.Yes
b.No

34.Which appliance has the highest power consumptitsnaf all the

working appliances?
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Task 6: Switching four appliance off
Note:

You should check what the current time is, how magewyices are ON,
what the current power consumption, total powersoomption and the

expected power consumption are before each task.

Before beginning this task, advance the time up tha current time
becomes 21:00 or slight over.
You should look at the appliances in the main @igpYou will see five

appliances that are working.

In this task, you should switch four of these agqupdies off to keep the daily
maximum energy usage at the daily target or belmadiily target which is
highlighted by a blue vertical line in order to a/ancreasing the rate per kWh

from normal charge to maximum charge.
1. Go to the switch off panel at the left side of Hage.

2. From appliance ( select one of the appliancesishat and then switch it
off)

3. Then click the switch off button

Could you please redo the second and third steps switch the rest of

these appliances off?

Please advance the time until it becomes 23:50 or
slightly over?
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Questionnaire:
36.How easy was this task?
a.Not at all
b.Not very easy
c. Somewhat
d.Very easy
e.Extremely easy.

37.Which four appliances did you chose to switch off?

38.Do you notice any change in the variable rate péhkwhy?
a.Yes
b.No
39.How clear is the representation of the variable per kwh?
a.Not at all
b.Not very clear
c. Somewhat
d.Very clear
e.Extremely clear.
40.Do you have any comment about this task?
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Post-Study Questionnaire
41.Do you think a display like this would be useful?
a.Yes

b.No

42.Did you find it useful to know how much power ealgvice used?
a.Yes

b.No

43. Are the pictorial representations better than jushber?
a.Yes

b.No

44.Which of the two figures below is better for visaalg the power

consumption, why?

B Feak demand

Current power consumption

Current power consumption
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45.Which of two figures is better for visualizing thewer rate, why?

w 2D
' 1l Rate per kih E =
Variable rate per KWh: 025 2D : e —

46.Do you have any overall comment about the poweswamption

representation?
a.Yes
b.No

Comment:

47.Could you please suggest other ways of represehttigthe power

consumption and the appliance icons?
a.Yes
b.No

Suggestion:
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