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ABSTRACT

In an ever increasing technological world, demand often outweighs preserving the environment. Many governments throughout the world are enforcing policies to reduce their carbon footprint or Carbon-dioxide (CO2) emissions.  As electricity consumption grows so does emission. It is found in Queesnsland, Australia alone, the consumption has grown 53.3% within 10 years [2]. Focus must therefore be given to applications that are pro-ecofriendly. Such measures are taken by the authors in the research explained below. “The Heat Meter” expands on a simple concept of measuring gas use and applies that to change the fundamentals of teenage thinking concerning power consumption. The main goal is for teenagers to understand the harmful effects of this consumption, through an easy-to-use and cool mobile application. “WattBot” is a more developed user response system that isolates devices being used. Information on this use is shown on a powerful mobile application through coloured energy bars. “The Power-Aware Cord” reforms the common spark plug into a striking varying colour intensity cable. This helps resonate the message of making aware and reducing electricity use inside the home. 
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INTRODUCTION

As the world moves toward more eco-friendly policies and an increased use in electricity and natural resources, information on developing a sustainable future needs to be brought forward, now more than ever.  
Energy Monitors
Ambient energy sensing devices are created to monitor the electricity being used in the home. There are several means of obtaining the information and providing it to home users. These methods range from placing meter readers or energy sensors on the circuits themselves to creating power cords that metaphorically show electricity flow. This information is useful in discerning electricity usage on an appliance or room by room basis. It can also be outputted in a variety of ways such as energy bars on a mobile application or on a screen situated within the home.
The Heat Meter
 Turning up the Heat on Energy Monitoring in the Home by Fitton et al. [1] largely focuses on educating a teen audience with a visual power usage tool which begins in their home. Its hopes are for the knowledge on the conservation of energy gained to then spread to older generations and the wider community to further reduce CO2 emissions. The authors developed a more detailed but cost-effective monitor of hot water and gas usage in a house. This device, “The Heater Meter”, uses a new technique of attaching “thermistors” to measure a temperature difference across four copper pipes of a “Combination (Combi) Gas Boiler”. These pipes are inputted to the “Hot Water” taps and a “Radiator feed” but also connect to the return cold “Mains Water” and “Radiator”. This indicates where the heating is taking place, either at the radiator or water. Corresponding information (room temperature and meter dial readings) was then sent to a network safe database. Results proved accurate temperature readings and from the difference time-frames for data when gas and water was used could then be obtained. Through effective tests, this method can be applied to specific devices in the home. Although a need for more extreme testing, a socially accepted application especially with teenagers was also concluded. Fitton et. Al [1] uses a three phase approach attached to a Combinational Gas boiler to measure gas and hot water use. The temperature sensors on the copper wires leading out from the boiler are the indicators for the type of energy being used. This approach seems vague in what the authors are trying to deduce such as: 
· Copper pipe monitoring for gas use awareness which doesn’t necessarily indicate which appliance is being used or that electricity is infact not being used to heat the radiater or water supply.

· Switchboard monitoring for fine grained gas usage or total electrical use isn’t being done as claimed.  The authors therefore can’t obtain costs for the amount being used so the data they provide on household consumption costs is incorrect, once again not meeting the design goals of the product.

· Appliance level observational monitoring through power cords can’t be done as the Thermistors are only attached to the copper pipes which relate only to whether gas is being used, rather than how much or what appliance is using it.

· What the authors have designed is only proof of concept. There is no evidence provided that their design can be applied to futher Gas Boilers to test their consumption only an assumption that it can be done.

· There is no development of any product so no way of actually testing the application in residential homes. Also that was a huge part of how they aim to change energy practices for future generations, which can’t be done as no such physical application exists.
· There is no research shown on how to engage their supposed target group (teenagers).
The Watt Bot

“WattBot: A Residential Electricity Monitoring and Feedback System” by Petersen et al. [3] aims to improve the quality of lives through a better understanding and reduction of carbon emissions. The authors target the carbon emissions produced through electrical usage from residential homes. Through the use of self-testing and usability studies (surveying and focus groups) carried out in Indiana, a product called WattBot was developed. WattBot informs customers of the power being used in appliances around the home, in-turn providing an up-to-date view of any electricity use for a better understanding in depleting their carbon footprint. It uses singular circuit data from the “circuit breaker box” found in meters to allow customers to see which appliances cost more to run or maintain. This is recorded in a “data collection hub” and sent through a wireless signal to their application. All information is encompassed in a web and mobile application (WattBot) discerning usage as sorted, coloured, energy levels. Prototype results include audio, video, user keystrokes, facial and verbal reactions. Confusion on interpreting bars and an unattractive colour scheme was found in the user trials. Increased time-frames of the usage shown were also drawn. In the future the authors aim to develop power sensing plugs that monitor electricity passing through them and send that information to the data collection hub. Similar to Fitton et al. [1], electrical analysis is being carried out inside homes and displayed in an educational mobile application.

Some concerns regarding the text I have found are:

· Requires intensive installation to put in the display monitors.
· Requires mapping of power (plugs, wall sockets,) to appliances. This could changes as people change or replace appliances. 
· Isn’t equipped to deal with multiple appliances from one power source (extension cords) or fuse breakers.
Power-Aware Cord 

“The Power-Aware Cord: Energy Awareness through Ambient Information Display” by Anton Gustafsson et al. [4] discusses the creation of an illuminated power cord to visually enlighten users of the amount of power coursing through it. It’s developed to create a sense of awareness of power consumption within society. The device consists of three “electroluminescent” wires with a “phosphor layer” tied together with copper wires and encased in plastic. This is attached to a few power sockets forming an ambient extension cable. The luminance in the wire varies due to the amount of electrical current running through it. Usability studies showed users identified the light changes, most related it to the movement of electricity and a single “pulsing” colour was aesthetically pleasing. Successful tests show that there is a need for such a device to communicate energy levels in appliances and to understand (electrical) behavioral mannerisms within the general public. Future plans include making the “Power-Aware Cord” accessible in every home and conducting in-home user studies. It correlates with the same idea as Fitton et al. [1] of in-home electricity usage information for a variety of users to reduce power consumption which in-turn helps the planet. It also works around the concept of a device that displays electrical information in both a visual appealing and user-friendly way. A critique of the Power-Aware Cord could be that the prototype in itself consumes electricity. We argue that if the user increases his or her awareness of energy consumption and understanding of relations between electrical devices, it is worth the small amounts of extra electricity used by the cord.  

Some distinguishing features of the Power-Aware Cord: 
· Looks cool and is a very engaging concept. Many participants immediately related it to the design goal of representing electrical flow and pulsing to reduce consumption. 
· Readily attracts users of all ages to interact with it and therefore conserve energy.
Some concerns of the Power-Aware Cord are: 

· It doesn’t show the amount of electricity used, amounts indicated can vary and not be representative of the actual power being consumed. 

· Must be visible so more need to be bought and managed within the home. This is because only 4 or so appliances can be connected to it at once. It also drains energy itself when connected to a power source
PSYCHOLOGY STUDIES ON FEEDBACK DEVICES
Eco-Feedback

Several research papers founded on the mannerism of resource hungry residents hung up on reducing consumption exist. Strengers [5] scrutinises findings on paradigms of the demeanour of residential electrical consumers. An innovative Eco-Feedback device based on the day-to-day conduct of residents is developed. The media and our environment does shape how we carry out our lives. Mannerisms regarding household routines and reducing consumption can therefore be determined by what we have been brought up doing or by social input. In-home displays (IHD) systems can help household consumers by providing readily available information on power usage to the forefront of their conscious and reducing power usage. Strengers states that there is a demand for tailored consumption feedback devices and given the benefits of Human Computer Interaction ( HCI)  products such products need to be developed now, rather than the common feedback device found in the marketplace today [5]. Actions need to be taken quickly as IHD devices are being sent to meet demand around the world. Strengers puts forward that common approaches are to give consumers data rather than analysing the data and filtering it into more visually appealing means [5].  This is the case especially because the figures of consumption reduction from these studies are between 5-15 percent [6]. 

Strengers states that people don’t predominantly choose or there is no conscious thought to save electricity or water when they start the day [5]. However this isn’t entirely correct; many people are driven by the need to save and therefore keep morning showers short or prolong laundry till a weekend. They don’t start the day by subconsciously wasting power and the rush to get to work does help in this. There is also a claim that no concrete reason exists for why people suddenly become environmentally friendly. Devices created to measure consumption won’t accurately meet demand or motivation within the masses. However, this contradicts the media and social influence stated earlier in the article. The media and social input are still valid in having certain claims over starting global initiatives from reducing poverty to starting fad diets.  

Through usability testing, the authors were able to discern participant feedback. The results showed an elevated understanding in the electricity usage of home electronics which then lead to some remarkable behavioural changes. Participants remarked that although growing up in a certain environment and being under certain social pressures through their usage results; they were now going to adopt different washing practices to save power and water.
SUMMARY

In summary, there is a growing need for such ambient devices to provide a more sustainable and eco-friendly future. It is still in-conclusive whether the technology used today can provide the long term results required. However, progress in home energy monitoring is proving beneficial to those that have practiced it and are able to adapt to it. The studies done so far show that the participants are adopting new methods into their daily routine to conserve energy long after the trial is done. More psychology studies need to be done to correctly interpret human behavior for future generations that are more in-tune with energy and environmental conservation. In-home sensing applications are being proved effective although significance on the planet and participant lives can be greatly improved.
FUTURE WORK

Going forward, there is still a large lack of awareness between power consumption and users. Technologies such as Heat-Meter attempts to gather data to tackle this problem. More research is needed on successfully engaging consumers on these issues; specifically presenting data to them at a level of understanding that they can cope with and in ways that capture their imagination and attention. This will require a lot of user studies over a variety of designs, communication techniques and modalities/interface technologies to understand what can best communicate power saving solutions and their necessity to households or the wider community.
Development of technologies such as the Power-Aware Cord, gives us novel approaches in communicating conservation issues. However, quantitative analysis is required to assess whether their cost benefit is greater than more traditional awareness campaign approaches to household power conservation. 

Power awareness systems such as “WattBot” can also benefit from further development. Adding smart saver techniques such as automated usage-based energy savings suggestions for homes could add value and advertising revenue. For example, analysing power usage through heating and notifying of insulation upgrades and their estimated medium to long term savings on a household by household basis. Additionally advertising revenue could help offset installation costs, a major drawback to this type of energy conservation.
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