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Introduction
In this contribution we introduce a methodology for categorising household appliances with respect to the degree of manageability of the energy they consume.
Following this categorisation, in section 3 we propose a method for estimating energy consumption of household appliances applicable on all household appliance types.

Categorisation of appliances by manageability of consumed energy

Many appliances, such as TVs and PCs, implement several operation modes, in which energy consumption is quite different. For many others, energy consumption is not steady but fluctuates as a function of time and the program performed.  

To maintain overview of the difficulties each household appliance emerges in terms of energy manageability we distinguish them in three broad categories: 

· Appliances of which instantaneous power consumption is manageable: This category includes appliances of which energy consumption fluctuates as a function of time but is known, measurable and therefore manageable. Indicative appliances of this category are:

· washing machine

· dishwasher

· refrigerator

· freezer

· Appliances of which total amount of energy consumption is manageable: This category includes appliances, which when operating in a certain mode (e.g. a TV mode) consume a certain amount of energy that is also measurable and manageable. Indicative appliances of this category are:

· Television set.

· Lighting (dimming).

· Vacuum cleaner.

· Appliances of which instantaneous and total amount of energy consumption are hardly manageable: Appliances of this category have a profile of energy consumption that fluctuates unpredictably as a function of external factors. Such factors can be the ambient temperature of heating systems, the radio coverage range of mobile/wireless phones, etc.  Indicative appliances of this category are:

· water heater

· coffee machine

· Radio

· PC

· ADSL modem

A proposal for measuring energy consumption
An issue not covered by the bodies working on energy profiling issues, such as the CoC activity, is the specification of associations between the energy consumption levels of appliances and their internal operation modes.

Because household appliances are made up of electronic components, the energy they consume can be estimated in simple terms as the sum of the energy that the individual electronic components consume. Thus, energy profiles can be drawn up by estimating the amount of energy the appliances consume while operating a particular operation mode. 

Specification of operation modes can be defined in two ways. One way is to follow the modes set for the internal electronics of the appliance by the manufacturer, (e.g. hot plates function for cooktops) or to follow the modes defined by appliance manufacturers as user programmes, e.g. the eco-washing programme of washing machines. The former operation mode type is applicable on manufacture level, while the latter is applicable on user level.

From the point of view of the AIM architecture, utilization of user level operation modes makes easier normalization of energy profiles among all appliances of same type as it helps eliminating dependency from complex manufacturing data (e.g. manufacturing technology) that change from model to model and manufacturing technology. 

Thus, selecting user level operation modes reinforces viability of the energy measuring methodology. Scalability is also strengthened as new operation modes may be profiled independently of the existing ones. 

Following the user level operation mode concept, we may simply estimate the total energy an appliance consumes with the following formula:
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where: 

p: is the user level operation mode (programme type),

E(p)= is the sum of energy consumed by the appliance, while it functions in programme p,

E(p,i)= is a two-dimensional array with i columns corresponding to the energy consumed by the i internal component that participates in the implementation of programme p. 

The formula expressed above is directly applicable on the second appliance category (appliances of which total amount of energy consumption is manageable), but it may also be used for the first appliance category if peak consumption values are to be profiled.
Total estimation of energy consumption by user operation modes can be performed using the following generic for all appliance categories formula:
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Etotal: Total energy consumption

Em(i): energy consumed in user operation mode i

Since Em(i) is a function of time, it can be calculated as following:

· Appliances of which instantaneous power consumption is manageable:
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, where Em(j) is the energy consumed at time interval j.

· Appliances of which total power consumption is manageable: The energy consumed in mode m, Em is steady.

· Appliances of which energy consumption is hardly manageable: Em may be only experimentally measured through real time energy measurements. In that case total energy consumption in each user operation mode is a function of time and can be expressed as: 
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, where Em(t) is only experimentally measured.
Applying user-operation-mode-based energy management methodology in real households

Having defined a way of identifying appliance operation modes from user perspective and a simple formula of energy estimation, in this section we introduce an architecture that performs energy management relying on this methodology.

[image: image5.emf]Home Network

Household appliances

(TVs, White goods, comm, 

brown goods, etc)

Wide area network

Utility

AIM system logic

AIM

Gateway

EMD

Operator 

Service 

Platform

Context data acquired

From sensors

end user in 

the home

Mobile end 

user 

Context data

acquired from

external sources


Figure 1: Architecture for the implementation of user-operation-mode-based energy management methodology

The architecture is built around the EMD-Energy Monitoring Device that performs the following functions:
· understands the user modes of active appliances and is able of tracing appliances set in standby mode.
· energy control:
· Switching off appliances in standby mode

· Switching off appliances in active mode

· Switching between user programmes in order to maintain minimal energy consumption levels.

· energy monitoring by communicating the energy consumption figures of appliances to peripheral devices (e.g. user terminals) requiring status information. For appliances falling in the third appliance category the EMD performs real time energy consumption measurements.
The AIM Gateway, together with the Operator Service Logic are introduced as alternative hosts of the energy management logic. Under this scheme users are free to decide whether energy management logic is concerted and administered by the network operator or locally by themselves. In either cases, users are free to access the energy management service for configuration, management and use purposes, through any kind of terminal.
Customization of the two hosts on per household basis is achieved with a supplementary database where different household appliances types can be registered along with their energy profiles and user programmes.

The architecture is completed by a sensor network that adds intelligence to the supported energy management functions, such as autonomous and proactive operation based on the observation of users’ movements.

The formulas introduced in previous section are applied by the energy management logic. The energy management logic also manages the EMD functions in order to get status information or implement energy control.
EMD communication with the household appliances has been realized using the power line network and the KNX protocol. Nevertheless, this communication solution is not restrictive and the EMD may use any wireless/wired home communication interface. The power line communication technology has been selected having in mind to keep the energy consumption of the architecture components as low as possible. Since all appliances are connected on the power line network, whereas many of them, especially white goods, have already power line modules integrated, the power line solution has appeared as the most appropriate solution.
From users’ perspective energy management is performed by means of setting limits for the energy consumption of the entire home environment and letting it self organized appliances’ operation to match these levels. 
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