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Executive Summary 

This document focuses on the algorithms, their design and implementation for Demand Side 

Management (DSM) and Distributed Energy Resources (DERs) flexibility management by 

the Aggregator through the Energy Box (EB) and the description of their algorithms to carry 

out these actions. 

 

Aggregator 

The Aggregator is defined in the project ADDRESS as the player which buys and sells 

energy and controllable power (=flexibility) in the electricity markets. The Aggregator 

collects, predicts, controls and manages a portfolio of DERs in order to maximise their value 

for the energy infrastructure thus minimising the energy costs of DER and maximising the 

net income from Distributed Generation (DG) and flexibility of Active Demand (AD). The 

Aggregator provides services, such as controllable power, to electricity market participants, 

such as the balance responsible party, retailer and to the grid operators such as the DSO 

and the TSO. 

The new tool developed for the management of the consumers‘ flexibility by the Aggregator 

is called the Aggregator Toolbox. This tool will manage all the Aggregator‘s functionalities 

defined in the project: 

- Consumption and flexibility forecasting; 

- Market forecasting; 

- Market and consumer portfolio management;  

- Operational optimization; 

- Settlement and billing. 

The Aggregator Toolbox is divided into different modules, focused on: 

- Modelling and forecasting of consumer consumption, available flexibility and 

response to control signals; 

- Modelling and prediction of the prices and price volatilities at the energy markets; 

- Planning and optimising the operation of controllable DER in the consumers‘ 

dwellings as a response to market needs for flexible power; 

- Developing and analysing contracts and portfolios; 

- Common database used for managing the interactions between the other modules; 

- External interactions with the consumers' EB, with other competitive actors of the 

energy market and with the grid operators. 

In this document the different modules are defined and detailed. The developed algorithms 

will help the Aggregator to manage its consumers‘ flexibility and to participate in the energy 

system through energy markets or bilateral contracts. 

With the consumers‘ consumption and flexibility modelling and forecasting module, the 

Aggregator will be able to simulate and forecast the behaviour of consumers under different 

price and volume signals. The information given by the module can be used as input for the 

optimization in which bids will be offered to the electricity market and operational decisions 

will be taken, such as scheduling the flexibility of AD clusters. The Aggregator needs to 
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model the AD responses and associated costs in order to be able to schedule their usage in 

a way that maximises their value in the electricity market. The consumption forecasting tool 

has been divided into four different modules: 

- Consumer segmentation  

- Aggregated load demand forecasting 

- Flexibility forecasting 

- Price sensitivity updating 

The Market forecasting module will provide the Aggregator with the forecasted prices and 

price volatilities in the different markets. The Aggregator needs these for estimating and 

maximising the value of AD. 

Regarding the operational optimization and scheduling of the DER, this module will be used 

by the Aggregator in order to determine the bids to offer in short term markets and create the 

price and volume signals to send to the consumers in his portfolio. This internal process 

schedules the use of AD in the portfolio of the Aggregator. 

Finally, the key elements necessary for an Aggregator to develop its long term strategy are 

illustrated.  From the analysis of existing aggregators and of the internal functionalities of the 

ADDRESS Aggregator, it is apparent that the success of the Aggregator‘s business highly 

depends on its capacity to optimize its portfolios of contracts with AD purchasers and AD 

providers in the long term. Concerning to the strategy followed by an Aggregator, a key 

element will be to match the right service with the right demand, identifying the most suitable 

AD products and the best markets to trade them. The other key elements to take into 

account in the realisation of transactions are the contracts, the assessment of the delivery of 

the product and the distribution of revenues. 

 

Energy Box 

Aggregator will communicate with the consumers thanks to the EB, which becomes the 

gateway between consumer and Aggregator, and is in charge of the coordination of load, 

generation and storage at consumer facilities and it will optimise its aggregated profile 

according to consumers‘ objectives and information received by the Aggregator (price and 

volume signals). 

Much important is the definition of an effective algorithm for optimizing the resources 

handled by the EB. This problem is analyzed in detail, by introducing the parameters, the 

decision variables and the constraints of the model during these tasks and the most relevant 

parameters and the algorithm will be presented in this document. 

The functional architecture of the EB (and thus its software) is divided into different modules, 

able to manage and translate the signals received from the interfaces (either external,  such 

as the measurement device or the Aggregator, or internal, home appliances) and carry out 

the optimization algorithm in order to manage the consumption inside dwellings.   

The different modules are: 

- Interfaces Logic, the core of the EB, which centralises the information between the 

different modules; 

- External interfaces modules, which will communicate with the Aggregator, the official 

meter (French field test), the additional measurement device (Spanish field test) and 

a weather forecast server. 
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- User Interface, that will allow the user to insert the commands and settings available 

for managing and interact with the EB. 

- Optimization Algorithm module, for managing the loads. 

- Information Data Model: is the central memory unit of the EB. It communicates with 

the Interfaces Logic on one hand and the Optimization Algorithm on the other. 

- The Listener Daemon listens to the Interfaces Logic looking for new devices trying to 

join the house network. When it finds a new device, it will instantiate the internal 

daemon that will manage the communication with the new device. 

 

The communication with internal and external interfaces is managed by the Interfaces Logic 

module, which wakes up as soon as it receives a new message, and writes the data 

contained in the message into the Information Data Model. Messages typically contain 

information about changes in the interfaces, due to modification of external conditions (for 

instance weather conditions) or internal conditions (for instance the connection of a new 

appliance). The Interfaces Logic contains the logic to take appropriate actions for managing 

such changes.  

Based on available inputs, the Optimization Algorithm is executed and provides the 

Interfaces Logic with the optimal schedule, based on price information, programming 

information (type of washing cycle, appliances for which it is possible a delayed start, etc), 

and user settings (comfort level). Afterwards, this output is sent to the different internal 

daemons which will communicate the result to the different devices. Three objectives are 

considered for the management of the consumer‘s appliances: 

1. Minimizing overall costs (money paid for energy); 

2. Maximize satisfaction of certain scheduling preferences, in terms of when or within 

what time should the various appliances be run; 

3. Maximize environmental comfort, specifically meant as the comfort related to the 

internal temperature in the house.  

The consumer will be able to interact with the EB through the User Interface. This interface 

is defined as the module allowing the actions the end-user is made able to perform on the 

system. According to this architecture, the end-user cannot exercise direct or complete 

control over any device connected to the system, but extra interfaces are required to 

communicate with appliances such as smart plugs. 

The interactions between the end user and the EB are twofold:  

- setting of the user preferences, such as the comfort level or the level of interaction 

the consumer wants to keep;  

- settings of the involved elements, such as the override signal. 

Different kind of data will be depicted by this User Interface in order to inform to the 

consumer concerning the status of his loads: 

- General information: permanent data (day, number of appliances running, power…), 

alarms (operation of the EB), alerts, … 

- AD information: AD signals (price & volume), energy savings, economical benefits… 

- DER data and Infrastructure; 

- Comfort level. 
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The AD signal (price&volume) that will be presented in the Energy Box through the User 

interface will be the main ADDRESS signal sent by Aggregators to the consumers. 
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1 Introduction 

1.1 Scope of the document 

This document summarizes the algorithms developed in the ADDRESS project concerning 

the Aggregator and the Energy Box. The former is the new player in the electricity industry 

which will manage the consumers‘ flexibility, whereas the latter will manage the loads inside 

the dwellings in order to provide the flexibility requested by the Aggregator. 

1.2 Structure of the document 

The document comprises the following main sections 

 Section 1 is the Introduction, highlighting the scope and structure of the document 

 Section 2 contains a general overview regarding the Aggregator and its interactions 

with the Energy Box and the rest of the players involved in the system.  

 Section 3 describes all the different issues defined concerning to the Aggregator 

Toolbox development. The different internal modules for the management of Active 

Demand (AD) products have been defined. The defined functionalities refer to the 

consumption and flexibility forecasting, tools for the forecasting the electricity 

markets needs, the tools for planning and optimizing the operation of clusters of 

controllable DER and for the optimizing of the AD products and its portfolios of 

contracts. 

 Section 4 refers to Energy Box, with the description of the developed functionalities. 

The software and the behaviour of the Energy Box are illustrated. 

 Section 5 summarises the main points.  

 

1.3 Notations, abbreviations and acronyms 

AD Active Demand 

BRP Balance Responsible Party 

CIM Common Information Model 

CRP Conditional Reprofiling Product 

CRP-2 Bi-directional Conditional Reprofiling Product 

DER Distributed Energy Resource (generation, storage and loads) 

DG Distributed Generation 

Decentralised Generation 

DOW Description of Work 

DSO Distribution System Operator 

EB Energy Box 

EC European Commission 

EU European Union 
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HMI Human Machine Interface 

HW Hardware 

ISO Independent System Operator (in North America)  

MO Market Operator 

OTC Over The Counter 

PC Project Coordinator 

PLC Power Line Communication 

RES Renewable Energy Source 

RTO Regional Transmission Organisation (in North America) 

SEP Smart Energy Profile 

SM Sensitivity Matrix 

SRP Scheduled Reprofiling Product 

SW Software 

T Task 

TM Technical Manager 

TSO Transmission System Operator 

UML Unified Modelling Language 

WP Work Package 

WPL Work Package Leader 

WSDL Web Service Description Language 

XML eXtensible Markup Language 
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2 Overview of the specifications and interactions 

between Aggregator, Energy Box and the players 

involved in the system 

2.1 The Aggregator and its relationship with the other 

agents 

According to the ADDRESS architecture, the Aggregator is the actor providing AD products 

to the actors willing to buy them. When such contractual agreements are reached, the 

Aggregator will be in charge of deploying those AD products. For doing this, the Aggregator 

has a portfolio of residential and small commercial consumers where an EB is installed. The 

EB has the ability to modify and coordinate the behaviour of the power consumption of the 

DER devices based on price and volume signals sent to it. 

In order for the Aggregator to reach its goals, the following internal processes shall be 

implemented: 

- Consumption and flexibility forecasting: the Aggregator should be able to forecast in the 

short and long term the behaviour of the aggregated consumption of the consumers in 

his portfolio. 

- Market forecasting: it will provide the Aggregator with the prices that AD buyers will be 

willing to pay in the different markets. 

- Market and consumer portfolio management: defines the Aggregator‘s long term 

strategy, based on information from the long term forecasting of consumer flexibility and 

market prices. 

- Operational optimization: this internal process will be used by the Aggregator in order to 

determine the bids to offer in short term markets and create the price and volume signals 

to be sent to the consumers in his portfolio. 

- Settlement and billing: this process will be used in order to pay incentives to the 

consumers in the Aggregator‘s portfolio according to the established contracts. 

The Aggregator needs to maintain close relationship with several other actors in the system: 

- Markets: the main defined use case reflect the sequence of messages for the 

Aggregator‘s participation in the day-ahead market. 

- Deregulated power system participants: The analysis deals with the information flow 

exchanged between deregulated power system participants and the Aggregator.  

- DSO/TSO: DSO/TSOs play a double role in the ADDRESS architecture. On one hand 

they can act as AD buyers in the electricity system. On the other hand, they are in 

charge of verifying that the AD products contracted in the market are feasible in the 

sense that they do not cause any violation of the network operational limits. 

- EB: in order to deliver the AD products sold in the markets, the Aggregator sends to the 

EB of the consumers in his portfolio the price and volume signals that produce the 

needed aggregated consumption modification. To this aim, price and volume signals 

based on incentives associated to volume limits are defined. 

- Metering responsible party: the metering equipment is the certified device to provide 
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information on consumer behaviour. Aggregators should receive this information for 

consumers‘ assessment and settlement from the metering company. The time resolution 

for metering is fifteen minutes, the same as the minimum time-resolution of the price 

signals. 

To summarize, the players that will be interacting with the Aggregator are: 

 Market 

 Regulated players 

 Deregulated players 

 Consumers 

Aggregator

TSO/DSO Market

Consumers
Deregulated 

Players

 

Figure 1 - Relationship between Aggregator and the rest of players 

 

2.1.1 Markets 

Regarding the type of Aggregator and its relationship with markets, an Aggregator will be 

considered as a player different from the retailer so it will not have the functionalities that 

retailers have (the algorithms developed can be used by any deregulated actor such as a 

retailer, and some deregulated actors may readily have some of the tools as well). 

Aggregators will gather the flexibilities of their consumers and will sell AD products to 

different agents and markets. 

The use of these AD products and other details are: 

 initially, these products will be traded in existing markets 

 the volume of load that aggregators can manage may determine the viability of certain 

markets and services 

 some AD products may be a long-term nature (one year in advance or more) 

 Essentially, the AD products consists of increasing or reducing the consumers‘ 

demand during a period of time, in a particular moment, region, …these changes in 

the consumers‘ demand profile will be linked to incentives to users in order to 

compensate them for their flexibility.. 

According to above, Aggregators will be able to participate in existing and new markets in 

order to provide a service to both regulated and deregulated players. 
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2.1.2 Deregulated players 

The relationship between Aggregators and deregulated players will be based on purchasing 

a short-term increase or reduction in demand at specific moments so as to minimise their 

costs or attain any other benefit. The Aggregator and the other deregulated players 

participate in the established markets such as the day-ahead markets and intra-day markets. 

AD-response based energy is traded via these markets.  

Also bilateral contracts may be sometimes needed. According to the needs of each agent, 

bilateral contracts of different time scales and different types could be established; for this 

purpose SRP
1
 or CRP

2
 products could be traded (see Deliverable D1.1 for more details). 

Depending on each deregulated player and service requirements, a wide variety of bilateral 

contracts could be signed.  

Some of the former contracts ought to be included into existing markets in a similar way as 

physical bilateral contracts are taken into account in day-ahead markets; however, some 

market rules might need to be modified, particularly those preventing aggregation of load 

and generation in different markets.(see Deliverable 5.1 for more details) 

2.1.3 Regulated players: TSO/DSO 

Regulated players play two different roles in the ADDRESS architecture: 

 Regulated players would buy AD products offered by Aggregators as other players 

do. The basis of this relationship is established through markets. These markets 

must be transparent and open as corresponds to regulated activities. Aggregators 

must use the same technical instruments and interfaces to communicate with the 

DSO/TSO for trading purposes as those used for the other market participants. 

 Regulated players are the ones in charge of operating the distribution and 

transmission networks. The impact of AD products should be verified and validated 

by system operators in order to avoid violations of line flow and voltage limits.
3
 

Validation requires location information about the AD consumers‘ position in the 

network. 

2.1.4 Consumers 

The EB is the interface between the consumer and the Aggregator. It carries out the 

optimisation and the control of the loads and the DERs at the consumer‘s premises. 

In the relationship between Aggregator and consumers, the EB will receive the messages 

sent by the first one in order to manage the household loads, generation and storage 

devices. 

This relationship is used by Aggregators to interact with consumers and analyse the energy 

behaviour of consumers in their portfolio. Information received from the EB will be used for 

monitoring consumers‘ profile and for getting feedback on consumer flexibility. However, this 

information will not be used for billing. 

                                                           
1
 Scheduled Re-Profiling (SRP): the Aggregator has the obligation to provide a specified 

demand modification (reduction or increase) at a given time to the product buyer. 
2
 Conditional Re-Profiling (CRP): the Aggregator must have the capacity to provide a 

specified demand modification during a given period. The delivery is called upon by the 
buyer of the AD product (similar to a reserve service). 
3
 Verification/validation by the DSO would apply to any energy transaction on the grid (e.g. 

DG); in ADDRESS the focus is on AD products only. 
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The price and volume signal sent by the Aggregator to the EBs will consist of a set of price 

incentives associated to power intervals; the consumer will be rewarded with the specified 

incentive if consumption falls within the specific interval. 

This type of signal allows determining the amount to be paid to consumers according to the 

metering information and the issued price/volume signals. Rewards using a forecasted 

baseline are not practically applicable, because the behaviour of individual small customers 

is very stochastic and cannot be predicted with any reasonable accuracy.   

2.2 The Energy Box and its relationship with the DER at 

consumer premises 

The EB will optimize the operation of the DER devices under its control. The optimization of 

the operation of the DER will be done in order to minimize the electricity costs for the 

consumer. The consumer will always be able to set its preferred comfort settings and to 

override the whole operation of the EB or each single DER. 

Aggregator

Different levels 
of optimization 
and aggregation

On-Site Energy 
Generators

Smart Electric 
Meter

Energy
Storage

User

Household Appliances

User
Interface(s)

Energy 
Box

Other  Electrical 
Devices

 

Figure 2 - The Energy Box and the managed DER at consumer premises 

 

The EB shall have plug and play characteristics so the installation of new DER devices is 

made easy. It will also allow the user a friendly and easy configuration of its preferred 

comfort settings. The optimization processes will coordinate the operation of the different 

DER devices according to the price and volume signals coming from the Aggregator, the 

user settings regarding the preferred comfort levels and the operational constraints coming 

from the DER equipment. 

For executing the defined functions the EB will implement processes for: 

 Comfort settings and technical configuration; 

 Plug and play capabilities, enabled by discovery registration functions. 

 Data acquisition and storage; 
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 Planning and operation optimization of the DER; 

 User interface. 

The EB shall exchange information with the DER it coordinates, the meter and other external 

sensors. The main decisions taken for the implementation of the relationship among the 

devices at consumer premises are: 

 The EB will receive metering information from the official meter. In those cases 

where there is not such possibility, new measurement equipment will be installed. 

One way communications between meter and energy box are defined. The only 

valid metering data for billing purposes will be the one coming from the official 

meter. 

 The signals from DER to the EB will include requests for starting operation together 

with the flexibility allowed by the specific DER. Periodical retrieval of power 

consumption/production data and status information shall also be sent to the EB. 

 The EB will define when to operate and what operating settings to use for the DER 

devices according to the results of its optimization processes. Sending of prices to 

appliances will not be considered. 

 The software architecture in the EB should be flexible enough in order to be 

adaptable to different communication protocols. 

2.2.1 Management of DERs 

The classification of the DER devices according to their intelligence and operating 

characteristics is the following: 

 Non controllable loads. These loads are not under the control of the EB. Loads such as 

cooking, lighting, etc. are considered as not being manageable by the EB because their 

automatic management by pricing criteria would cause too big discomfort levels. 

 Smart shiftable loads. Loads whose operation can be shifted in time. Examples are 

smart washing machines, dryers and dishwashers. 

 Smart loads with thermal inertia. Loads which operation consists of heating and/or 

cooling have great manageability because the thermal inertia can be used as energy 

storage. 

 Curtailable loads. They can be switched off over certain time periods. Here battery 

based loads can be found (e.g.: charging laptops) and other non smart loads as well 

(including non smart washing machines, dryers, etc.) 

 Electric vehicles. They are intended as manageable loads whose charging power and 

time can offer flexibility to the energy box. 

 Non dispatchable generation sources. They are generators whose power production 

cannot be changed. Renewable generation such as PV and wind might be in this 

category. The EB will take them into account for predicting their production but without 

any control capability. 

 Dispatchable generation sources. They can be those generators together with some kind 

of storage system. The storage system allows to have a certain degree of controllability. 

 Storage systems. They offer the possibility of selecting when to charge and when to 

discharge together with the charging/discharging rate. 

The manageable DERs will implement processes to: 
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 Measure consumed/produced power; 

 Calculate the expected consumption profile; 

 Report operational capabilities; 

 Discover and register with the EB. 

 Operate according to the command issued by the EB. 

 

 

Energy Box

Start request (time, duration, power profile etc.)

Start at 15:00

Periodical consumption report (Time, W)
 

Figure 3 - Example of the relationship between the energy box and a smart washing machine 

In addition to the information coming from the DERs and the meter, the EB may need 

additional data about external and internal temperatures for the management of 

thermostatically controlled appliances. Data about weather forecast might also be needed; 

the Aggregator is in charge of providing it. 
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3 Aggregator Toolbox 

3.1 Overview 

The Aggregator of AD-consumers buys and sells energy and controllable power (=flexibility) 

in the electricity markets. The Aggregator collects, predicts, controls and manages a portfolio 

of DERs in order to maximise their value for the energy infrastructure thus minimising the 

energy costs of DER and maximising the net income from DG and flexibility of AD. The 

Aggregator provides services, such as controllable power, to electricity market participants, 

such as the balance responsible party, retailer and to the grid operators. 

The main modules of the Aggregator Toolbox developed are shown in Figure 4 and 

comprise: 

- modelling, prediction and verification of consumer loads, available flexibility and 

responses to control signals. It means: 

1. predicting and estimating the combined load, flexibility and response of 

groups that consist of a large number of such consumers and  

2. verifying the responses of individual consumers with measured data. 

- modelling and prediction of the prices and price volatilities at the energy markets; the 

purpose with this prediction is to model and predict the needs for controllable power and 

thus the need for active demand based services; 

- planning and optimising the operation of controllable DERs  as a response to market 

needs for flexible power; the objective is to maximise the value of customer's flexibility in 

the electricity market; 

- developing and analysing contracts and portfolios; Such portfolios include contracts with 

the consumers, with other competitive actors of the energy market and with the 

electricity grid operators (TSOs and DSOs);  

- internal database used for managing the interactions between the other modules; 

- Aggregator's logic and strategies; 

- external interactions with the consumers' EBs, with other competitive actors of the 

energy market and with TSOs and DSOs.; the external interactions in the prototype 

developed are based on exchanging XML-messages based on IEC CIM as much as 

possible  
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Figure 4 - Main structure of the Aggregator Toolbox 

 

3.2 Consumption modelling and flexibility forecasting 

Different algorithms were designed and implemented for the ―Consumption Modelling and 

Forecasting Tool‖ of the Aggregator. With the specified tools, the Aggregator will be able to 

simulate and forecast the behaviour of consumption under different price and volume 

signals. The information given by the tool can be used as input for the optimization, in which 

bids will be offered to the electricity market and operational decisions will be taken, such as 

scheduling the flexibility of AD clusters.  

The consumption forecasting tool is divided into four modules: 

1. Consumer segmentation  

2. Aggregated load demand forecasting 

3. Flexibility forecasting 

4. Price sensitivity updating 

All the modules have been designed and implemented within ADDRESS except for the first 

one (Consumer segmentation) that was readily available from Iberdrola. 

 

3.2.1 Consumer segmentation 

The objective of this module is to classify the consumers in the Aggregator‘s portfolio into 

different groups according to their consumption, behaviour and other identified 

characteristics such as appliances, energy contracts, type of household, people at home, 

DG & storage systems, etc. Each group is thus a consumer segment, called ―prototype‖ or 

―cluster‖. 

In order to identify the possible consumer‘s classification and also the prototypes to 

represent the consumer‘s behaviour, the Aggregator‘s algorithm will take into account not 

only metering information but the rest of parameters and features. 

Additionally to energy consumption information, Distributed Generation and storage systems 

located at consumers‘ dwellings will be taken into account in the consumers‘ classification. 
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The Aggregator will use the information about their consumers in order to identify the 

different prototypes which classify these consumers according to the energy characteristics.. 

Two different approaches were considered for the consumer segmentation module, one 

based on neural networks and the other based on conventional segmentation algorithms. 

The first approach employs self-organizing maps (SOM Algorithm), which are based on 

neural networks. Input data to this algorithm include energy information (hourly consumption 

per day, monthly consumption, annual consumption,…), socioeconomic features that include 

indices concerning the point of supply (contracted power, supply voltage, city/town…), the 

type of household (number of people living in the house, energy contracts, type of house), 

and equipment indicators (appliances owned, DG & storage systems installed in the 

consumer‘s premises). 

The classification is performed according to similar consumption profiles; then, the values of 

several indices are obtained for each prototype by averaging the values for individual 

consumers included in the prototype. Some indices that can be calculated for each prototype 

are: hourly load demand curve, contracted power, appliance penetration, appliance usage 

characteristics…  

The second approach estimates a weight matrix related to the demand flexibility offered by 

the different consumers in the considered load area as a basis for the clustering. Main inputs 

to this algorithm are the following: contractual power Pc, contractual AD flexibility f% 

(maximum percentage of the contractual power that could be managed by the EB), usage 

hours (number of hours in a month during which the EB could manage the load), load area 

code and name, consumer key, time margin tm (it is the sum of the intra-day time slots when 

loads consumption may be flexible and represents the overall time during which the EB is 

expected to possibly control the appliances), average daily load baseline (load pattern used 

to characterize the electric behaviour of the consumer respect to its contractual power), 

monthly energy consumption Ec.  

The algorithm performs the classification of the consumers according to a weight, calculated 

by the algorithm for each consumer and month, representing the ratio between the energy 

―potentially and contractually‖ stated flexible and the total monthly energy consumed and 

measured for billing purposes. This weight is calculated with the following formula, where 

Ndays represents the number of days in the considered month: 

days

c

mc N
E

tfP
Weight %

       (3.1)

 

As a result, the consumers are classified into different prototypes based on the value of the 

weight. Then, for each prototype in the different months, the prototype load profile is 

calculated taking into account the average daily baseline load of all the consumers 

belonging to the cluster. 

 

3.2.2 Aggregated consumption forecasting 

The objective of the consumption forecasting module is to forecast the consumption of a 

group (or cluster) of similar electricity consumers, when AD flexibility is not used or is used in 

a regularly repeating manner. The module forecasts consumption according to historical 

values, using time series analysis. Inputs needed by this module are: 
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• prototype identifier; 

• historical base case load of the prototype; 

• historical temperature in the load-area the prototype belongs to; 

• forecasted temperature in the load-area the prototype belongs to (if available). 

 

The output of this module is the forecasted load demand of the prototype in the base case. 

Such forecast is called the base case load, and is used by the ―Flexibility forecasting 

module‖ as a reference to evaluate the flexibility of the prototype in the considered time 

period. 

The forecasting algorithm is implemented in MATLAB® and uses its System Identification 

Toolbox. 

 

3.2.3 Flexibility forecasting 

The objective of this module is to forecast the load demand curve of a group of consumers 

included in the same prototype during a particular time period (e.g. the following 24 hours) 

under the effect of a specific price/volume signal sent by the Aggregator. The resulting load 

demand curve will be compared with the base case load demand curve (where no control 

signals are applied – see 3.2.2) in order to estimate the load demand flexibility response of 

the mentioned group of consumers to the considered price/volume signal. 

Algorithms implemented in this module are intended to be run by the Aggregator several 

times for different price/volume signals in order to estimate how the demand flexibility 

offered by the consumers change according to different incentive patterns.  

The forecasted consumers‘ response is needed for the optimisation of the Aggregators‘ 

operations described in Chapter 3.4. 

The flexibility forecasting module uses a bottom-up approach based on end-use models 

where samples of users are generated and simulated for given price/volume signals, and 

then simulating the aggregated behaviour of consumption under those signals. This 

approach is based on Monte Carlo simulations in which a set of typical consumers is 

generated by creating random differences in the key variables that characterize the 

consumers within the prototype, according to known probability distributions.  

Input data to this module can be classified into two main groups:  

1) Prototype information. This information is provided by the ―Consumers segmentation 

module‖ and comprises data related to the consumers in the prototype that is going 

to be simulated such as contractual power and tariff, characteristics of the building, 

controllable equipment ownership, technical characteristics and usage of 

controllable equipment and flexibility characteristics. 

2) Simulation information.  It includes specific information for the simulation that is 

going to be carried out. It includes, among others, the price/volume signal that the 

Aggregator wants to simulate, the simulation period and forecasts of outdoor 

temperature and load demand curve in the base case (provided by the ―Aggregated 

load demand forecasting module‖). 

Figure 5 shows a graphical representation of the main steps of the algorithm implemented in 

this module. 
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Figure 5 - Flowchart of the main procedure of the Flexibility forecasting module 

Simulation of the response of a given type of consumer to a price/volume signal sent by the 

Aggregator is performed employing an optimization algorithm. The approach is based on 

reproducing from Aggregator‘s point of view, the rescheduling that the EB would perform 

over the operation of the controllable appliances in the household in case it receives the 

mentioned price/volume signal, thus obtaining the final load demand curve of the considered 

typical consumer during the simulation period. This calculation is based on the assumption 
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that the algorithms implemented in the EB search the objective of minimizing the electricity 

bill. The possible control actions consist of delays on the starting-times of the shiftable 

appliances to time-periods with lower electricity prices (higher incentives) and changes on 

the temperature set-points of the thermal loads by performing pre-cooling or pre-heating 

actions during off-peak periods and switching off the devices or reducing their consumption 

during peak price hours. In this optimization algorithm the modelled thermal loads are air-

conditioning and space-heating systems.  

In addition, the model includes a parameter called price-sensitivity factor that establishes the 

willingness of the consumer to let EB to perform control actions over its controllable 

appliances as a function of the electricity prices. This parameter quantifies the demand 

flexibility offered by the consumer as a function of the electricity prices; in case of shiftable 

loads it defines the maximum time it allows to delay the starting time of the appliances, while 

in case of thermal loads it defines the maximum allowed temperature set-point deviations . 

Input data to the optimization algorithm includes the following information related to the 

individual consumer: 

- Shiftable and thermal appliances owned;  

- Renewable generators and electric storage systems owned; 

- Power demand during a consumption cycle for each shiftable appliance; 

- Thermal capacity and efficiency of the thermal loads; 

- Capacity of the electric storage system; 

- Initially scheduled start-time of each shiftable appliance; 

- Initially scheduled temperature set-point for thermal loads;  

- Thermal characteristics of the building defined by the thermal losses  and the 

thermal capacity factors; 

- Contractual power;   

- Contractual electricity tariff (retailer); 

- Price-sensitivity factors for shiftable and thermal loads. 

In addition, information related to the simulation is required: 

- Simulation period and length of the time-step; 

- Forecasted outdoor temperature profile during the simulation period; 

- Forecasted non-manageable consumption of an average consumer of the prototype; 

- Forecasted generation (this represents the input to the electric storage system); 

- Price/volume signal (incentive of the Aggregator). 

The objective function can be written as follows: 

 

N

i

K

k

N

i
itksiii TempTimeItQMinimize

1 1 1

)Pr(  (3.2)  

where: 

Qi  Total power consumption of the end-user in the time-step i (kW) 

Pri  Price of the electricity in the time-step i (€/kWh) (retailer price) 

Ii  Incentive paid by the Aggregator in the time-step i (€) 
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λs  Inverse of the price-sensitivity factor for shiftable loads (€/h) 

λt  Inverse of the price-sensitivity factor for thermal loads (€/ºC)  

k
Time   Delay applied to the starting time of the shiftable appliance k (h). It 

represents the difference between the initially scheduled start-time and the 

final one set by the EB. 

i
Temp  Deviation between the initial temperature set-point and the final one set by 

the EB during the time-step i (ºC) 

N  Number of time-steps in the scheduling period 

Δt  Length of the time-step (h) 

K  Number of shiftable appliances owned by the consumer 

 

The first summation in the previous equation represents the electricity bill for the end-user. It 

is calculated as the difference between the electricity cost paid to the retailer and the 

incentive received from the Aggregator, which depend on the power consumption by the 

consumer during the time-step i. 

The second summation applies a penalty, for each shiftable appliance, to the difference 

between the initially scheduled starting-time by the end-user and the actually scheduled one 

by the EB, that is, over the number of time-steps that the starting time of the appliance has 

been delayed or anticipated. 

Similarly, the third summation is a term that models the price-sensitivity of the consumer 

regarding thermal loads by penalising deviations between the actual temperature and the 

ideal one (temperature set-point) for each time-step of the scheduling period.  

The constraints of the optimization problem are described next.  

A) Power consumption during each time-interval  

The total power consumption by the consumer in each time-step is equal to the sum of the 

power consumption of the shiftable loads, the power consumption of the thermal loads, the 

non-manageable power consumption minus the power supplied by the electric generators 

and storage systems. 

The power consumption of shiftable loads corresponds to the sum of the power consumption 

of all shiftable loads owned by the consumer (washing machine, dish-washer, dryer…). 

The power consumption of thermal loads is simulated through physical models for air-

conditioning and space-heating systems. These models take into account the thermal 

characteristics of the house, the outdoor temperature forecast and the temperature set-point 

as well as the technical characteristics of the device such as nominal power and efficiency 

for calculating the power demanded by this appliance during each time-step of the 

scheduling period.  

The consumption of non-controllable loads is introduced as input data to the algorithm.. 

Finally, in order to know the energy status of the electric storage system, a balance equation 

in the electric storage system is formulated. 

 

B) Incentives by the Aggregator 

The incentive received by the consumer in each time-interval depends on its total power 
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consumption; consequently, there are constraints related to the fulfilment by the consumer of 

the requirements of the price/volume signal. These constraints are formulated for all time-

steps covered by the price/volume signal.   

For example, assume that a specific price-volume signal sent during a time-step i rewards 

the consumer with Ii1 € if its consumption is less than or equal to qi1 kW, with Ii2 € if its 

consumption is between qi1 and qi2 kW, …, and with Iin € if its consumption is between qin-1 

and qin; the conditions to be imposed are: 

   

iniinini

iiiii
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      0

 

 

 

C) Limits 

The power consumption during each time interval cannot exceed the contractual power of 

the consumer: 

The consumption of the air-conditioning or the space-heating system in each interval cannot 

exceed the nominal power of the device. 

The charge status of the electric storage system cannot exceed its maximum capacity. 

 

The optimization problem above is a mixed integer linear program (MILP); it is implemented 

in Java and solved with lp_solve (http://lpsolve.sourceforge.net/5.5/) which is a free MILP 

solver based on the branch-and-bound method. 

The ―Flexibility forecasting module‖ estimates the forecasted demand curve of all the 

consumers within the prototype under the effect of the considered price/volume signal. This 

information will be employed together with the demand curve corresponding to the base 

case, which is provided by the ―Aggregated load demand forecasting module‖, to estimate 

the flexibility offered by the consumers in the prototype in case such an incentive scheme 

was delivered by the Aggregator.  

 

3.2.4 Price sensitivity updating  

The objective of this module is to fit the distributions of the sensitivity parameters s, t in Eq. 

3.2 for a set of consumers, given the accumulated power demand of the consumers and 

assumed knowledge regarding consumer characteristics. These parameters consist of the 

inverse of the thermal comfort sensitivity indicating the user‘s willingness to change thermal 

comfort depending on the incentives and the inverse of shiftable comfort sensitivity which 

indicates the user‘s willingness to shift appliance operation depending on the incentives. 

Here it is assumed that all parameters besides the flexibilities are known. 

In order to test the algorithm, and since there is not real data about aggregated consumption 

where price & volume signals are in place, the developed framework considers different 

steps for consumption data generation and fitting. 

http://lpsolve.sourceforge.net/5.5/
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First, a sensitivity matrix M is generated, for every combination of of the thermal and 

shiftable sensitivity parameters. From a given defined range, different demand profiles are 

calculated assuming all other parameters are known. These calculations are done using an 

EB emulator, implementing the algorithm described previously in section 3.2.3. 

In a second step the demand profile for a set of households is calculated. For every 

household, certain sensitivity parameters from a normal distribution (
2

2

2

x

e ) are picked from 

the matrix M using Monte Carlo and assuming an average value and width ( ). The 

aggregated power profile is regarded as the data set which has to be fitted. 

In the last step, sensitivity distributions of the mentioned parameters are calculated in order 

to fit the demand profile generated in the previous step. The resulting sensitivity distribution 

is the fitted distribution. This implementation assumes no pre-knowledge of the distribution.  

Note that in a real case the data generation step is not needed because the Aggregator 

knows the real past consumption behaviour from metered data. The fitting in the real case is 

done using the real consumption profile together with the known sent price signals. 

In the approach adopted here it is assumed that the aggregated power profile can be 

reconstructed by combining the previously  (this also suggests that M can be readily adapted 

to include more unknown parameters at the expense of extra calculation time). 

The algorithm chosen to fit the data is a genetic algorithm (GA). The process starts with an 

initial population consisting out of N samples. Every sample is a Monte Carlo-got aggregated 

demand profile (from M matrix). From this population the best are chosen (application 

dependent parameter, 50%) based upon a fitness function whose objective is to minimize 

the distance between the actual and the estimated aggregated demand profile 

(

n

i

ii
dy 22 )( ). From the best 50% new specimens are generated by gene mixing 

(mixing of sensitivity parameters) and mutation is added. This gives a new population; the 

process is repeated with this new population.  

As output data the distributions of shiftable and thermal sensitivity parameters ( s, t) are 

obtained.  

 

3.2.5 Preliminary test results of flexibility forecasting 

The graph in Figure 6shows a comparison of the results obtained for load reduction with 

three different control signals: 

1) Two price steps and high incentives - From 15:00 to 17:45 consumer receives 5 

cent€ per time-step, if power consumption is lower than 1 kW.  

2) Two price steps and low incentives - From 15:00 to 17:45 consumer receives 1 

cent€ per time-step, if power consumption is lower than 1 kW. 

3) Three price steps - Consumer whose power consumption is less than or equal to 1 

kW is rewarded with 2 cent€, and each consumer whose power consumption is 

between 1 and 2.5 kW is rewarded with 1cent€. 
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Figure 6 - Comparison of flexibility forecasting results for three different signals 

It can be seen that the higher the incentive, the higher the load reductions that can be 

achieved because the consumers offer more flexibility and therefore they are more willing to 

control their loads. Consequently, they allow higher delays on the starting times of shiftable 

appliances and higher modifications on the temperature set-points of the air-conditioning 

system. Similar comparison was also made for the load increase requests. 

 

3.3 Algorithms for forecasting electricity market needs 

for AD 

As it will be shown in Section 3.4, Aggregators need to forecast the price of electricity in 

different markets in order to select the most suitable signals to send to their customers and 

the bids they may offer to different markets.  

Electricity can be traded either in the long-term (weeks or months in advance of delivery) or 

in the short-term (one day or less before delivery). The task of forecasting electricity prices is 

very different when dealing with different time horizons given the larger uncertainties faced 

as the forecasting horizon increases. Therefore, different price forecasting tools are used for 

each one of these tasks. This section will describe a short-term price forecasting tool that is 

part of the Aggregator Toolbox developed in the ADDRESS Project. This tool forecasts the 

prices in the Spanish market. Also the Italian electricity market was considered; it 

demonstrated that it is rather impossible to develop a generic forecasting tool for electricity 

prices and their volatilities that fits to different countries.  

A long-term forecasting tool was not developed since the focus of the project and its pilot 

tests are focused on short-term applications on AD. Nevertheless, an extensive literature 

survey was carried out within the project. A brief summary of the main approaches for long-

term electricity price forecasting will be provided in this section.  
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3.3.1 Short term electricity markets price forecasting 

3.3.1.1 Description of short-term electricity markets 

The structure of short-term electricity markets can vary significantly from one country to 

another in aspects such as gate closure times, number of intraday market sessions, etc. 

Thus it is not possible neither to define a forecasting model which fits for any market, nor 

within a single project a different model for each possible market. Consequently, herein the 

Spanish and Italian markets were chosen as relevant systems, also driven by the 

consideration of two ADDRESS pilot installations to be realized in these countries; it also 

makes it possible to compare two different market structures for illustrative purposes.  

Similarly to many other electricity systems around the world, liberalization of the Italian and 

Spanish electricity systems took place in the late 90s. Since then, national power systems 

are based on a context of open energy market, where well distinguished activities are 

carried out by different entities. These activities are: generation, transmission, distribution 

and retailing. 

The electricity market is an electronic venue for the wholesale trade of electricity; the 

electricity price corresponds to the clearing price resulting from the intersection between the 

demand  and offer bid curves by its participants. This is known as marginal pricing because 

the resulting price of electricity corresponds to the cost of producing/buying the last unit of 

energy. It is a real physical market, where the schedules of injection and withdrawal of 

electricity into and from the grid are defined under the economic criterion. The power 

exchange is a voluntary market: operators may also conclude purchase and sale contracts 

off the exchange, with the so-called bilateral contracts. 

The Spanish
4
 and Italian electricity markets present a quite similar structure since both 

countries have a day-ahead wholesale market and several intraday market sessions that 

allow market participants to adjust their production programmes in case of potential 

deviations due to equipment failure, forecast errors, etc. The results of the market dispatch 

are sent to the corresponding TSO in order to ensure that violations of technical constraints 

(voltage problems, congestions, etc.) do not occur. In case the market results in congestion 

between different pre-established areas of the transmission network, the system can be 

divided in several areas with different prices. Figure 7 shows a timeline representing the 

functioning of the Spanish day-ahead and intraday markets.  

                                                           
4
 It would be more precise to refer to the Iberian electricity market MIBEL since Spain and 

Portugal trade electricity on the same market. Only in those hours where congestion at the 
interconnection occurs, a market-splitting is performed and the price at the two sides of the 
interconnections is different. Reference is made to Spain because the price time series that 
were used in order to develop and adjust the forecasting tool correspond to those of the 
Spanish side of the interconnection. 
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(day N)

Intraday session 5
(day N)

Intraday session 6
(day N)

Intraday session 1
(day N+1)

 
Key:  B- gate closure to present Bids 

FM- time when the Feasible Market schedule is published 

SD- time during which the Service is Delivered 

DA- subscript representing the Day-Ahead market 

Sn- subscript representing the nth session of the intraday market 

Figure 7 - Timeline for the day-ahead and intraday markets in Spain. Source OMEL & own 
elaboration. 

 

3.3.1.2 Short-term market price forecasting tool for AD Aggregators 

The techniques for short-term price forecasting proposed in the literature can be roughly 

divided into three categories: quantitative models, models coming from the statistical time 

series analysis domain and artificial intelligence approaches. Nowadays, statistical models 

based on time series are the most common approach. Hence, this was selected as the 

approach for short-term market price forecasting in the context of AD Aggregators. 

Many factors affect electricity prices. However, electricity demand is usually the most 

important factor affecting the behaviour of electricity prices time series. Broadly speaking, 

with all other factors being equal, an increase of demand will entail an increase of the spot 

price, and factors affecting the price, as economic activity, daily and hourly cycles or 

temperature fluctuations, are captured in a certain degree through this variable. 

Nevertheless, spot electricity prices display in general a rich structure much more 

complicated than a simple functional rescaling of demand to reflect the aggregated offers. 

Thus, depending on the system under study, variables such as wind power or hydro 

resources availability can be greatly determinant. Furthermore, fuel costs, emissions costs, 

reserves, power exports and imports and maintenance outages, among others, determine 

the resulting electricity price. However, it is important to note that when hourly short-term 

predictions are involved, some of these variables are not useful to explain the high 
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frequency fluctuations of the prices. 

The future participation of AD Aggregators in electricity markets may affect electricity prices, 

since the demand curve is expected to become more elastic than it is today. Hence 

additional variables, besides electricity demand, might be required to accurately forecast 

electricity prices. However, at the moment there is no historical information available about 

AD participation in electricity markets, since markets with AD participation are not yet 

running. On the other hand, the identification process of any price forecasting model 

requires a set of data in order to select both its internal structure and its parameters. 

Moreover, adding new variables related to the behaviour of the AD Aggregator may not 

necessarily improve the results of the price forecasting model. Consequently, given that the 

project requires a short-term market price forecasting model to be used in the field tests in 

order to feed different algorithms/modules, the approach followed herein consists of the 

following main steps: 

 Search for an existing market where during a period of several years the aggregated 

demand curves are most of the time clearly elastic, and an adequate set of relevant 

data are available for modelling purposes. 

 Use the selected case study and apply standard model identification techniques in 

order to adjust the proposed model and check the results. 

The forecasting tool consists of the two main modules shown in Figure 8. The fitting module, 

run off-line, creates the structure and parameters of the forecasting model from a set of past 

data. On the other hand, the evaluation module, run online, uses the model previously 

identified to forecast future prices by using the latest information on demand and prices.  

Evaluation
Module

Fitting
Module

Last prices
Demand

etc

ON-LINE

OFF-LINE
Model

Price forecasts

Past data
(inputs and output)

 

Figure 8 - Functional architecture of the short-term forecasting prototype 

The model proposed to deal with short-term electricity price forecasting, and adjusted by the 

off-line fitting module, consists of two main parts: 

 Deterministic term. This part of the proposed model provides a first point forecast of the 

price. It is given by a double seasonal AutoRegressive Integrated Moving Average 

(ARIMA) model. 

 Stochastic term. This part provides an estimation of the variability of the price around the 

forecast obtained by the deterministic term of the proposed model. This variability is 

modelled in terms of price variance, and it can vary through the time when the price 
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series is heteroscedastic. It is given by a double seasonal Generalized AutoRegressive 

Conditional Heteroskedasticity (GARCH) model
5
. 

Both parts of the model require the same input data, which are basically the historical price 

data and the forecasting horizon. It has to be highlighted that electricity demand has not 

been included in the model as an explanatory variable. Although, as said before, the 

dynamics of electricity demand significantly influence the electricity prices, after running 

several tests, it was concluded that these dynamics were adequately captured by the 

electricity price time series. Therefore, it was not necessary to include the demand;  the tests 

carried out indicated that the difference in forecasting error (removing demand as a variable) 

was not significant. Finally, the output of the model will be the forecasted prices for the 

period of time and the concerned market. 

3.3.1.3 Identification of the model for the Spanish market 

In order to identify the price forecasting models for the Spanish market, the set of data 

(years 2007 and 2008) is used. The entire set of data is divided in two different sets: 

 Training set. This data is used to identify the forecasting model, It consists of hourly data 

from 01-01-2007 00:00 to 30-06-2007 23:00 (i.e. 4,344 data). 

 Test set. This data is not required to identify the model; in fact they are only used to test 

the generalization capability of the identified model. Data from 01-07-2007 00:00 to 31-

12-2008 23:00 as test set (i.e. 13,200 data) are selected. 

Concerning the forecasting horizon, a variable forecast period is used. In particular, the 24 

prices of the next day are estimated at the end of day, which means varying the forecasting 

horizon between 1 and 24. 

3.3.1.4 Results obtained  

The results obtained for the Spanish day-ahead market are presented below. Similar results 

were obtained for the first intraday market session (not shown here not to bore the reader).  

The deterministic term is given by a double seasonal ARIMA model with the following 

characteristics. Table 2 shows the model parameters in a compact form. 

 Seasonalities: lags 24 and 168 (i.e., one day and one week). 

 One order of the non-seasonal difference 

 Orders of the seasonal differences: 0 (lag 24) and 1 (lag 168). 

 AR(1) and MA(1) for the non-seasonal part. 

 AR(1) and MA(1) for the seasonality of period 24. 

 AR(0) and MA(1) for the seasonality of period 168. 

                                                           
5
 Basic ARIMA and GARCH models have been fully documented in the time series literature. 

Note that a brief and understandable description is not possible without including 
mathematical details, which is out of scope of this document. Thus, the interested reader is 
referred to any of the existing papers or books on the subject. 
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Value std. error T-value p-value

ar_r_1

ma_r_1

ar_24_1

ma_24_1

ma_168_1

-0.805 0.012 -65.455 0.000

-0.973 0.005 -196.913 0.000

-0.914 0.012 -75.695 0.000

-0.735 0.020 -36.563 0.000

-0.651 0.012 -54.855 0.000

Parametros del ajuste del modelo.

 Función objetivo (algoritmo CLS) = 0.088855

 

Table 2 - ARIMA model parameters for the Spanish day-ahead market price (Deterministic term). 

Concerning forecasting errors, Figure 9 shows the estimation of the Spanish day-ahead 

market price versus the actual price during the validation period (top of the figure), as well as 

the residuals, i.e. the difference between the estimation and the actual value (bottom part of 

the figure). The residuals are larger at the end of both years, with varying variance. The 

average value of Mean Absolute Percentage Error (MAPE) for the Spanish day-ahead 

market price in the test set over the forecasting horizon was approximately 8.09%. Note that 

the model parameters (Table 2) are fixed during the validation period (1.5 years). If these 

parameters are refitted periodically, then the forecasting errors can be decreased. 
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Figure 9 - Validation results for the forecasting ARIMA model for the Spanish day-ahead market 
price (forecasts & residuals). Validation period: years 2007 and 2008.(x: time / y: €) 

 

An ARCH and GARCH effect is detected for the Spanish day-ahead price series. Thus, the 

stochastic term for the Spanish day-ahead price is modelled by a double seasonal GARCH 

model. The model characteristics and the parameters obtained are shown in Table 3 
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Value std. error T-value p-value

          K

   GARCH(24)

   GARCH(168)

   GARCH(192)

    ARCH(1)

    ARCH(24)

    ARCH(25)

    ARCH(168)

    ARCH(169)

    ARCH(192)

    ARCH(193)

        DoF

0.002 0.001 2.412 0.008

0.062 0.034 1.824 0.034

0.478 0.040 12.031 0.000

0.000 0.000 0.000 0.500

0.103 0.019 5.554 0.000

0.144 0.026 5.437 0.000

0.008 0.015 0.546 0.292

0.205 0.029 7.114 0.000

0.000 0.000 788353648.384 0.000

0.000 0.000 Inf 0.000

0.000 0.014 0.000 0.500

5.693 0.600 9.483 0.000

No Warnings

Function Converged to a Solution

Boundary Constraints Active: Standard Errors May Be Inaccurate

Mean: ARMAX(0,0,0); Variance: GARCH(192,193)

 

Table 3 - GARCH model parameters Spanish day-ahead market price (Stochastic term) 

 Seasonalities: lags 24 and 168 (i.e., one day and one week). 

 One order of the non-seasonal difference 

 Orders of the seasonal differences: 0 (lag 24) and 1 (lag 168). 

 ARCH(1) and GARCH(0) for the non-seasonal part. 

 ARCH(1) and GARCH(1) for the seasonality of period 24. 

 ARCH(1) and GARCH(1) for the seasonality of period 168. 

Figure 10 shows the residual of the ARIMA model already presented in Figure 9 (top graph 

of the figure), the GARCH estimation of the square-root variance of Spanish day-ahead 

(sigma) during the validation period versus the actual sigma of the price time series (middle 

graph of the figure) and the residual of the sigma, i.e. difference between the both values 

mentioned before (bottom graph of the figure). 
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Figure 10 - Validation results for the GARCH model for the Spanish day-ahead market price. 
Validation period: years 2007 and 2008. 

Combining both the deterministic and the stochastic terms, an interval forecasting can be 

generated. For example, Figure 11 shows a zoom of several days of the Spanish day-ahead 

price representing the estimation from the ARIMA model (black central line) and the interval 

forecasting [LI, LS] (red lines) which is calculated as:  

LS(t) = ARIMA(t) + 2.5758 * GARCH(t)    (3.3) 

LI(t) = ARIMA(t) - 2.5758 * GARCH(t)    (3.4) 

The interval, computed as the mean of the distribution (in this case estimated with the 

ARIMA model) ±2.5758 times the standard deviation (in this case estimated with the 

GARCH model), contains 99% of the values of a normal distribution (the values of a 

distribution N(0,1) are 0.005 and 0.995 at -2.5758 and +2.5758, respectively). This implies 

that the interval represented in Figure 11 would contain the actual electricity price in 99% of 

the hours, assuming they follow a normal distribution. This assumption is used to illustrate 

the suitability of the obtained solutions.  
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Figure 11 - Validation results for the ARIMA+GARCH model for the Spanish day-ahead market 
price (detailed several days). The black line represents the actual price. 

 

3.3.1.5  Implementation of the market price forecasting model within the Aggregator 

Toolbox 

The activation of a new market price forecast is depicted in Figure 12. All exchange of 

information between the forecasting module and other tools of the Aggregator, e.g. the 

optimization module, will be made through the Aggregator‘s DataBase (ADB). Therefore, the 

Aggregator Control (AC) will merely send a request to the Aggregator Forecasting Module 

(AMF) which will then interact with the database and perform the required computation. 

When this process has completed, the forecasting module warns the Aggregator control that 

the requested information is available in the database.  

 

 

Figure 12 - Use case of market price forecast 
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Next, the payload of each one of the interactions shown in Figure 12 is described. 

1. Market forecast request-This request should specify the market for which the 

forecast is required and the corresponding time period. For example, one request 

could consist of asking for the hourly day-ahead market prices for the next three 

days.  

2. Market historical information request - As previously mentioned, the model will use 

as inputs only the historical market prices. Hence, this request should specify the 

market for which historical information is needed and the time period that will be 

used to perform the forecast.  

Model parameters for each market are stored internally in the forecasting module. 

An alternative implementation could be to store the model parameters at the 

Aggregator‘s database. In this case, the forecasting module request would have to 

include these parameters, which would depend on the market under evaluation. 

However, this was discarded for the sake of simplicity since other modules of the 

Aggregator Toolbox did not require this information.  

3. Market historical information provision -The payload of this interaction would 

consist of one market price for each hour of the period previously requested, 

including the corresponding time tags (day, month, year and hour).  

4. Market price forecast process - No payload. 

5. Forecasted values -The forecasting module will submit the forecasted prices with 

the associated time tags to the database. The information on the market for which 

the forecasts are made will be included in this payload so that it is known where 

these data should be stored.  

6. Market forecast update notification - This notification will include the confirmation 

that the forecasting process has finished. Then, other toolbox functions can access 

the database to obtain the forecasts.  

 

The forecasting module is implemented using MATLAB ®, The configuration file is a XML 

format file containing the absolute paths for the directories of the market price forecasting 

models and the log files. It also contains the ODBC connection to be used. 

The interactions between the AMF, ADB and AC modules consist of the following steps (see 

Figure 13): 

1. The AC requests AMF the forecast using the defined calling: 

AMF.exe MARKET_ID PRICE_AREA BEGINTIME ENDTIME CONFIG_FILE 

2. The AMF starts up, interprets the message and loads from the AMF internal 

storage the model parameters for the MARKET_ID + PRICE_AREA model 

3. The AMF (depending on the model parameters and the BEGINTIME and 

ENDTIME) requests market historical information to ADB using SQL queries where 

the time interval requested is calculated by AMF to evaluate the model 

appropriately. Note that It previously opens the connection using the DB driver. 

4. The AMF obtains the requested vectors of time stamps and real price values. 

5. The AMF runs the model in order to obtain the price forecasts. 

6. The AMF updates the DB with the new forecasts for the requested BEGINTIME – 
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ENDTIME period. The AMF uses INSERT sql sentences for updating the pairs 

(time, price_25, price_50, price_75, creation time) 

7. The AMF finishes and notifies AC. The AMF.exe returns 1 if the process was 

correct, 0 otherwise. 

 

 

Figure 13 - Functional architecture of AMF module. 

 

3.3.2 Preliminary tests  

Two types of test have been carried out: 

 Off-line tests of the four developed models (deterministic and stochastic terms for 

both the Spanish day-ahead and intraday prices). The models have been validated 

within the period from 01-07-2007 00:00 to 31-12-2008 23:00. During these tests the 

Aggregator Common DataBase has not been used. Examples of these validation 

results were shown in the Section 3.3.1.4 above. 

 On-line tests of the AMF module. This module is in charge of providing the 

Aggregator Common DataBase with price forecasts for the requested market, area 

and time interval. Thus, these tests validate the complete working of the market 

price forecasting process.  

 

3.3.3 Long term electricity price forecasting 

A review of the main approaches in electricity price modelling with a specific look at long-

term forecasting was done. Despite the abundance of works for short-term forecast, there 

are very few contributions concerning long-term estimation. The main reason is the very 

complex nature of the electricity time series, characterized by sudden spikes which turn into 

high volatility and heteroskedasticity. The spikes occur both as a consequence of physical 
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and market causes. Among the former, strong increase in the demand when the supply is at 

the limit of generation capacity and unforeseen breakdowns of power plants or transmission 

failures can be recalled. 

The latter basically are due to bidding strategies. Owing to the strategic role represented by 

energy, many buyers accept to pay considerable amounts in order to secure sufficient 

supply of power. In addition, the competitive electricity market is so young that the role of 

price makers is still strong; this allows manipulation strategies. 

These aspects, together with other features such as non-storability and firmness of supply, 

have strong impact also on models which try to forecast the future spot price from the 

relationships holding for futures market. All these sources of volatility make it difficult to 

achieve reliable models, so none of the models is able to capture the overall complex 

behaviour of electricity prices and, despite the efforts to adapt them to the peculiarities of 

electricity, the research on this issue has still got a long way to go before achieving reliable 

long-range forecasts. 

 

3.4 Tools for planning and optimizing the operation of 

clusters of controllable DER by the Aggregator 

 

In this chapter the Aggregator Toolbox Optimization Algorithm is introduced. The main 

results given by this optimization algorithm are market offers and signals that control the 

operation of clusters of controllable DER. In addition, the Aggregator needs the forecasted 

power profile resulting from these control signals. Here a cluster means a group of 

consumers which belong to the same prototype as defined in Chapter 3.2 and reside in the 

same load area.  

 

3.4.1 General description of the optimization model, objective function 

and constraints 

The optimization model involves the following groups of variables:  

 One group of Boolean variables represents the ability of the Aggregator to propose 

offers to the market for the various time slots; 

 A second group of variables specifies the amount of energy gathered in the various 

timeslots and how it will be allocated by the Aggregator; 

 The last group of Boolean variables characterizes the participation of which cluster 

to which offer of the Aggregator.  

Attention is paid to the time scales. In fact, there are two different time scales. A first time 

scale is used to represent time as seen from the market point of view. A different time scale 

may represent the time slots as seen from the cluster point of view. Although the 

optimization model is flexible, in preliminary tests 24 one hour time slots for the market time 

scale and 15 minutes time slots for cluster time scale are assumed.  

The input data required by the optimization model are mainly given by load profiles of the 

consumer clusters; i.e., ‗baseline‘ load profiles (in absence of Aggregator flexibility requests) 

and load profiles corresponding to each possible flexibility request of the Aggregator. The 
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cluster flexibility is given by the difference of these profiles.  

The Aggregator is able to compute the expected cost associated with each flexibility request. 

The availability of such data allows the optimization algorithm to handle multi-level 

price/volume signals - consisting of multiple volume thresholds and corresponding price 

levels. Moreover, the Aggregator optimization process can cope with complex flexibility 

requests in which, for each timeslot, a different (multi-level) signal is sent to the cluster. 

Clearly, the computational burden of the algorithm grows exponentially with the number of 

flexibility requests in the common database. 

With reference to the objective function, it is assumed that the Aggregator objective is to 

maximize its profit. Hence, the objective function is composed of two terms: the income from 

selling the energy on the market, and the cost of paying the consumers for their participation 

in the flexibility provision. 

The main constraints of the model account for the following issues:  

 Each cluster can receive at most one flexibility request per day by the Aggregator. 

Notwithstanding this, it is possible to overcome this limitation, allowing each cluster to 

receive multiple flexibility requests in a given time period; it is simply obtained by 

restricting the time horizon over which the optimization is performed. For instance, if it is  

possible to send two flexibility requests per day to each cluster, the optimization model is 

solved twice, each time over a ‗market session‘ lasting half a day; 

 The payback effect within a given load area must not exceed a given threshold;  

 Each single offer to the market must have a minimum and a maximum volume;  

 The request to each consumer cluster cannot exceed a maximum threshold related to 

the reliability of the cluster;  

 The overall energy gathered by the Aggregator during one time slot includes CRP 

service requests claimed for that time slot; 

 At present, the optimization model is designed under the assumption that the Aggregator 

can only sell energy to the market (consumption decreases). However, it might happen 

that the Aggregator is requested to increase the consumption at certain time slots 

following the activation of a CRP-2 service.  

Notice that the Aggregator can react to possible curtailments from the DSO for validation 

purposes, by re-running the optimization algorithm with suitably adjusted constraints.  

 

3.4.2  Aggregator Toolbox Optimization Model for the day-ahead 

market, accounting for CRP services 

This section illustrates the optimization model to be used in the day-ahead market and 

accounts for CRP service requests. 

The indices used in the formulation of the model are: 

 k: denotes the k-th cluster of consumers; k = 1, …, K, where K is the number of 

clusters in the load area 

 h: denotes the h-th flexibility request that the Aggregator may send to cluster k; more 

specifically, it consists of a price/volume signal and the duration of the request. The 

Aggregator is assumed to have the possibility of formulating a finite number of 
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proposals (corresponding to different combinations of price/volume signals, in 

different time slots), denoted by H. Therefore, h = 0, 1, …, H, where — for notation 

purposes — h = 0 denotes the case in which no requests are sent by the Aggregator 

to the consumers. 

 t: denotes the t-th market timeslot; t = 1, …, TM, TM being the number of market time 

slots within the selected time horizon. 

  denotes the -th consumer timeslot; τ = 1, …, TC, TC being the number of 

consumer time slots within the selected time horizon. 

 c: denotes the c-th CRP service. 

To run the optimization model, the Aggregator needs the following input data, got from the 

database: 

 t: denotes the energy price forecast at market timeslot t. 

 Pkh: gives the overall cost that the Aggregator has to pay to its consumers if the h-th 

flexibility request h_kh is sent to cluster k. 

 τ1h: denotes the starting time (expressed in consumer time slots) of the flexibility 

request h. 

 τ2h: denotes the ending time (expressed in consumer time slots) of the flexibility 

request h. 

 fk0( ): gives the baseline load profile of cluster k. The discrete values of the load 

profile are given for daily consumer timeslots = 1, …, TC. The baseline load profile 

is expressed in kWh. 

 fkh( ): gives the load profile of cluster k when the flexibility request h is activated. The 

discrete values of the load profile are given for daily consumer timeslots = 1, …, 

TC. 

 Lmin( ): is the minimum load compatible with the load area for each consumer time 

slot . It is expressed in kWh. 

 Lmax( ): is the maximum load compatible with the load area for each consumer time 

slot . It is expressed in kWh.  

  is the minimum threshold value for the size of the bid to be made on the energy 

market. In the tests, it is assumed to be 1 MWh. 

  is the maximum threshold value for the size of the bid to be made on the energy 

market.  

 ρk: denotes the maximum ―risk‖ for cluster k. It imposes an upper limit on the request 

that each cluster can receive from the Aggregator. It is measured in kWh. 

 k: is an indicator of cluster k reliability. It ranges from 0 to 1, 1 being the maximum 

reliability. 

 c: denotes the volume requested by a CRP service c. 

 τ1c: denotes the starting time (expressed in consumer time slots) of the CRP service 

c. 

 τ2c: denotes the ending time (expressed in consumer time slots) of the CRP service 

c. 

A set of internal data is introduced which is computed by the optimization model: 

 M: denotes an arbitrarily large number. 

 CRPt: denotes the total volume required by CRP services in the market timeslot t; it 

is given by: 
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      (3.5) 

The variables involved in the model are: 

  

Boolean variables used to represent the offer on the energy market. If Yt is 1 then 

the Aggregator is able to present an offer in the market timeslot t. If not it assumes 

value of 0. 

 Et,       t = 1,…,TM 

Continuous variable representing the amount of energy that the Aggregator is able 

to offer to the market at timeslot t.  

  

Boolean variables used to represent the signals sent from the Aggregator to its 

consumers. If xkh = 1, then the cluster k receives a flexibility request h from the 

Aggregator. Otherwise the variable is equal to 0. Recall that h = 0 denotes the 

baseline scenario, in which no flexibility is requested to the cluster. 

 Rt,       t = 1,…,TM 

Continuous variable representing the difference (see Equation 3.10) between the 

baseline load profile and the actual load profile of the entire load area in the t-th 

market timeslot. It may assume either positive values (if the clusters reduce their 

consumption) or negative values when the clusters increase their consumption (note 

that this may happen during the pay-backs). 

  
This boolean variable depends on the sign of the variable Rt; in particular, Zt = 1 if 

Rt> 0, otherwise it takes value of 0. 

The objective function is to maximize the Aggregator's profits; it is  

         (3.6) 

Observe that the objective function is composed of two terms. The first term takes into 

account the revenues from selling the flexibility to the markets, while the second term 

accounts for the costs for buying flexibility from consumers. 

The functional constraints of the model are: 

        (3.7) 

Each cluster k receives exactly one flexibility request for each day. Recall that if a 

cluster does not receive a flexibility request then xk0 = 1. 
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    (3.8) 

This constraint guarantees that in each consumer timeslot the load profile of the 

whole load area remains bounded within two threshold values.  

 

       (3.9) 

This constraint is set to avoid that the Aggregator produces offers that are below a 

minimum and beyond a maximum value. Observe that, due to the presence of 

variable Yt, if no offer is presented in the market timeslot (i.e., Yt = 0), then the 

Aggregator cannot sell energy to the market (i.e., Et = 0). 

 

  (3.10) 

This constraint is used to limit risks (i.e., excessive requests to unreliable clusters). 

This is obtained by imposing an upper bound on the energy requested to each 

cluster and also by taking into account the reliability of each cluster. More 

specifically, the higher the cluster reliability, the bigger the bound on the overall 

flexibility the Aggregator can collect from cluster k. Notice that this constraint could 

also be ‗disabled‘ (by setting k = 1 and k→∞), so that it would not be active in the 

optimization model. 

 

     (3.11) 

The constraints force total amount of energy gathered by the Aggregator (i.e., the 

energy to be offered to the market (Et) plus the energy already reserved to satisfy 

CRP service requests (CRPt)) to be smaller than or equal to Rt if this variable is 

positive (i.e., Zt = 1). 

Besides the functional constraints discussed before, technical constraints are necessary to 

guarantee consistent solutions: 

   (3.12) 

This family of constraints defines the variables Rt as the minimum difference 

between baseline and actual load profiles in the whole load area. 

 

      (3.13) 

This family of constraints is used to link Rt and Zt. 

 

       (3.14) 
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This constraint guarantees the total amount of energy gathered by the Aggregator to 

be equal to 0 whenever Rt is negative (i.e., Zt = 0) and to remain positive if Rt is 

positive (i.e., Zt = 1). 

 

        (3.15) 

This constraint guarantees that the Aggregator will have chance to present an offer 

to the market (i.e., Yt = 1) only when Rt is positive.  

3.4.3 Aggregator Toolbox Optimization Model for the intra-day 

market 

In this section the model to be used in the intra-day market is illustrated. The model is similar 

to the previous models, but it accounts for the amount of energy which the Aggregator has 

already committed to deliver during the day-ahead session and the previous intra-day 

sessions, as a result of previously accepted bids. For completeness, CRPs are included in 

the model.  

Only the additional information required to formulate the Aggregator Toolbox Optimization 

Model for the intra-day market is presented.  

First observe that, the indices used in the formulation of the model are slightly changed with 

respect to the previous model: 

 t: denotes the t-th market timeslot; t = Tmin, …, Tmax. Depending on the specific intra-

day market session, the values of Tmin and Tmax can vary, and are therefore 

parameters of the model. 

  denotes the -th consumer timeslot; τ = min, …, max. 

As a consequence all the information and constraints now extend from Tmin and Tmax and 

from min to max, respectively.  

Moreover, in order to model the intra-day markets the following input data is needed: 

 Bb: denotes the b-th bid which has been accepted by the market in previous 

sessions. 

 T(b):is the market timeslot bid Bb refers to. 

 E(b): denotes theenergy volume of bid Bb (it equals the value Et* in the previous 

model, if the corresponding bid has been accepted by the market). 

 K*: is the set of clusters involved in the flexibility requests related to already 

accepted bids. 

 h*(k): is the flexibility request received by cluster k K*. 

A set of internal data introduced which are computed by the optimization model: 

 M: denotes an arbitrarily large number. 
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 CRPt: denotes the total volume required by CRP services in the market timeslot t; it 

is given by: 

       (3.16) 

 COMt: denotes the total energy volume of bids which have been already accepted 

by the market in previous sessions; if a bid Bb has been accepted such that t=T(b), it 

equals E(b), otherwise it is 0. 

      (3.17) 

Notice that, on the same market timeslot t, multiple bids could have been accepted, 

deriving to different market sessions. 

The variables involved in the model are: 

  

Boolean variables used to represent the offer on the energy market. If Yt is 1 then 

the Aggregator is able to present an offer in the market timeslot t. If not it assumes 

value of 0. 

 Et,       t = Tmin,…,Tmax 

Continuous variable representing the amount of energy that the Aggregator is able 

to offer to the market at timeslot t.  

  

Boolean variables used to represent the signals sent from the Aggregator to its 

consumers. If xkh = 1, then the cluster k receives a flexibility request h from the 

Aggregator. Otherwise the variable is equal to 0. Recall that h = 0 denotes the 

baseline scenario, in which no flexibility is requested to the cluster.  

 Rt,       t = Tmin,…,Tmax 

Continuous variable representing the difference between the baseline load profile 

and the actual load profile of the entire load area in the t-th market timeslot. It may 

assume either positive values (if the clusters reduce their consumption) or negative 

values when the clusters increase their consumption (note that this may happen 

during the pay-backs). 

 

  
This boolean variable depends on the sign of the variable Rt; in particular, Zt = 1 if 

Rt> 0, otherwise it takes value of 0. 

The objective function is to maximize the Aggregator's profits; it is chosen as 
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     (3.18) 

Observe that the objective function is composed of two terms. The first term takes into 

account the gains from selling the flexibility to the markets, while the second term accounts 

for the costs that the Aggregator has to pay to its consumers. 

The functional constraints of the model are as follows: 

        (3.19) 

Each cluster k receives exactly one flexibility request for each day. Recall that if a 

cluster does not receive a flexibility request then xk0 = 1. 

    (3.20) 

This constraint guarantees that in each consumer timeslot the load profile of the 

whole load area remains bounded within two threshold values.  

 

       (3.21) 

Box constraints used to avoid that the Aggregator produces offers that are below a 

minimum and beyond a maximum value. Observe that, due to the presence of 

variable Yt, if no offer is presented in the market timeslot (i.e., Yt = 0), then the 

Aggregator cannot sell energy to the market (i.e., Et = 0). 

  (3.22) 

This constraint is used to limit risks (i.e., excessive requests to unreliable clusters). 

This is obtained by imposing an upper bound on the energy requested to each 

cluster and also by taking into account the reliability of each cluster. More 

specifically, the higher the cluster reliability, the bigger the bound on the overall 

flexibility the Aggregator can collect from cluster k. Notice that this constraint could 

also be ‗disabled‘ (by setting k = 0 and k→∞), so that it would not be active in the 

optimization model. 

    (3.23) 

This constraint forces total amount of energy gathered by the Aggregator (i.e., the 

energy to be offered to the market (Et) plus the energy to satisfy CRP service 

requests (CRPt) and the energy already committed) to be smaller than or equal to Rt 

if this variable is positive (i.e., Zt = 1). 
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Besides the functional constraints discussed before, technical constraints are necessary to 

guarantee consistent solutions: 

   (3.24) 

This constraint defines the variables Rt as the minimum difference between baseline 

and actual load profiles in the whole load area. 

 

  
Constraint necessary to link Rt and Zt.        (3.25) 

 

     (3.26) 

This constraint guarantees the total amount of energy gathered by the Aggregator to 

be equal to 0 whenever Rt is negative (i.e., Zt = 0) and to remain positive if Rt is 

positive (i.e., Zt = 1). 

 

        (3.27) 

This constraint guarantees that the Aggregator will have chance to present an offer 

to the market (i.e., Yt = 1) only when Rt is positive.  

 

 xkh=1 for h=h*(k), for all k K* 

Since flexibility requests involved in offer bids which have already been accepted by 

the market have to be accounted for, the corresponding variables must be set to 1. 

3.4.4 Aggregator Toolbox Optimization Models extended to multiple 

load areas 

The optimization models described so far hold for a single load area. Nevertheless, their 

extension to multiple load areas is straightforward, and is discussed in the following. 

Recalling the notation defined in the previous sections, the following changes are 

introduced: 

 K: denotes the total number of clusters in a set of N load areas. 

 ℓn: denotes the n-th load area (n = 1, …, N). 

 Lmin(τ): denotes the minimum load compatible with the macro load area for each 

consumer time slot . 

 Lmax(τ): denotes the maximum load compatible with the macro load area for each 

consumer time slot . 

 lmin,n(τ): denotes the minimum load compatible with the n-th load area for each consumer 

time slot . 

 lmax,n(τ): denotes the minimum load compatible with the n-th load area for each consumer 

time slot . 

Given these modifications, the optimization models described before remain valid, provided 

that the following functional constraint is added: 
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    (3.28) 

3.4.5 A preliminary test 

In the following example five clusters are considered, having a number of consumers 

ranging from 100 to 200, for a total of 800 consumers and different levels of reliability as 

shown in the following table. 

Cluster Number of consumers Reliability 

1 100 1.00 

2 150 1.00 

3 200 0.60 

4 150 0.80 

5 200 1.00 

Table 4 - Consumers’ groups for the test 

Price-volume signals are generated for each cluster according to the following parameters, 

for a total of 3760 signals to each cluster (and total 18800 signals). The price-volume signals 

consider 5 possible price levels (0.25, 0.5, 1, 1.25 and 1.5 Euros), 5 possible volume levels 

(reductions for 0.5, 0.75, 1, 1.25, 1.5 kW which correspond to 2.5, 2.25, 2, 1.75 and 1.5 

maximum consumptions, respectively) and 3 different flexibility request duration (4, 8 or 12 

consumer timeslots, i.e., 1, 2 or 3 hours respectively). It has to be pointed out that the way 

the Optimization Module manages Aggregator price-volume signals is highly flexible. In fact, 

it is essential that the optimization module is able to retrieve the cluster‘s response to a 

given price-volume signal through the common database; however, the way a flexibility 

request is formulated does not affect the optimization procedure. As a consequence, the 

optimization module can equally manage both ‗absolute‘ volume signals (specifying 

maximum consumption levels) and ‗relative‘ volume signals (referred to reduction/increase 

requests). 

As for the energy market prices, Figure 14 shows their values during the 24 hour horizon. 



D2.1 - Algorithms for aggregators, customers and for their 

equipment which enables active demand 

V1.0 

Copyright ADDRESS project page 50 of 109 

 

Figure 14 - Market price applied in the example test. 

Figure 15 shows the minimum and maximum load chosen (red lines) and the baseline load 

of the Load Area (blue line), obtained as the sum of the baseline consumptions of each 

cluster. 

 

 

Figure 15 - Load limits in the example test, and baseline load 

 

The optimal solution corresponds to a gain for the Aggregator 1106.88€. The consumers 

receive an overall reward of 143.89€. The offers that the Aggregator actually sends to the 

market are shown in the next plot and they range over four hours (13 to 17). 
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Figure 16 - Market offers generated by the optimisation algorithm in the example test 

The flexibility requests received by each cluster are specified in Table 5[Cluster, Price to be 

paid to each consumer, required Volume reduction (the flexibility thresholds are 1.5 kW), 

starting consumer timeslot of the flexibility request, ending consumer timeslot of the flexibility 

request]. 

 

Cluster Price Volume Start time slot Stop time slot 

cluster #1 0.75 1.5 52 63 

cluster #2 0.75 1.5 56 67 

cluster #3 0.75 1.5 52 63 

cluster #4 0.75 1.5 59 70 

cluster #5 0.75 1.5 61 72 

Table 5 - Flexibility requests received by each cluster 

The consumption of the whole load area is shown in Figure 17. Observe that the actual 

consumption (blue line) does not exceed the minimum and maximum allowable values 

(dashed red lines) in the area; the dashed cyan line is the baseline load of Figure 15. 

 

Figure 17- Day ahead program generated by the optimisation module in the example test 

The total computation time  was 2979.32 seconds, or about 50 minutes. This test and the 

following have been run on a 1.66 GHz processor with 1 Gb of RAM and IBM ILOG CPLEX 
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12.1.  

Several other tests were made in addition to the test described above. These included 

performance tests and simulations for typical winter and summer days. 

 

To summarise, the operational optimal scheduling of clusters of AD in the electricity market 

context described above was implemented as an internal process of the Aggregator's 

software Toolbox. This internal process will be used by the Aggregator in order to determine 

the bids to offer in short term markets and create the price and volume signals to send to the 

consumers in his portfolio. This internal process schedules the use of active demand in the 

portfolio of the Aggregator. 

 

3.5 Aggregator’s strategy for developing and optimizing 

its portfolios of contracts  

The objective here is to identify the key elements necessary for an Aggregator to develop its 

long term strategy (more than a week).  Based on the analyses of existing aggregators, and 

of the internal functionalities of the address aggregators, the success of the Aggregator‘s 

business highly relies on its capacity to optimize its portfolios of contracts with AD 

purchasers and AD providers in the long term. 

 

3.5.1 AD purchasers in the portfolio 

To manage its portfolio of AD purchasers the Aggregator has to identify where the need for 

active demand is the most important in order to evaluate the available volume for a potential 

activity. The need can be at the grid level (ancillary services, overloads), at balancing 

responsible party and/or electricity market level. The Aggregator has also to evaluate this 

volume of activity taking into account the one that will be taken by competitors. 

It is also of importance to have a clear visibility on revenues. The Aggregator should be able 

to evaluate the price at which  the AD products can be valued. If organised markets exist 

(wholesale energy markets and capacity markets of different time horizons) and if the 

Aggregator has access to it, it can base its predictions on short term and long term prices. If 

the transactions are Over The Counter (OTC), the revenue of the Aggregator will more 

depend on its ability to sell integrated solutions including consulting, technologies or other 

services as carbon credit. 

The Aggregator should know very well the regulatory context. It determines the sales 

framework such as the minimum volume to enter a market. The regulatory entities can also 

provide subsidies to help the development of AD related services.  

In the development of its portfolio of AD purchases on the long term, the challenge for the 

Aggregator is to anticipate the evolution of all the elements mentioned above. 

 

3.5.2 AD providers in the portfolio 

Management of the AD providers (consumers) portfolios requires identification of the 

consumers through specific criteria. The main criteria are the technological requirements to 
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implement the program, the consumption profile and the electrical equipment of the 

consumer. The geographical location and the involvement of the consumers should also be 

taken into account. 

The Aggregator needs a diversified portfolio of consumers because of: 

1. The capabilities in terms of flexibility of specific consumers do not exactly match the 

requirements of an AD purchaser; 

2. The Aggregator is not able to know with certainty the exact amount of flexibility the 

consumers can provide when the service is requested;  

This diversified portfolio has to be based on the cost/benefit analysis of the consumer. There 

is a high cost to enrol a consumer in a demand response program. As residential consumers 

and small business consumers have little AD volume to provide, this cost/benefit analysis 

should be carefully carried out.  

The last important point is to maintain a consumer portfolio adapted to AD purchasers needs 

on the long run. This implies to predict the evolutions of the regulatory context, the evolution 

of AD purchasers needs and the evolution of consumers load curve. From those analyses 

comes the decision to recruit new consumers in the program. 

 

3.5.3 Match the right service with the right demand 

A key element of the strategy of an Aggregator is to match the right service with the right 

demand. The Aggregator should first aggregate the curve of the consumers in order to 

define its AD products. Then it should identify the best markets to trade its products. This 

can be done through organised markets or through OTC transactions. Call for tenders are 

also possible. Those markets should be chosen regarding the visibility they provide in terms 

of volume and price.  

The other key elements to take into account in the realisation of transactions are the 

elements of contracts, the validation of the delivery of the product and the distribution of 

revenues. Regarding contracts, it is of importance to deal with penalties in case the AD 

product cannot be delivered. Regarding the revenues, the Aggregator can share it between 

itself and the consumers. Another option is to rely on the difference between the benefit 

coming from the selling of AD products and the payment to the consumer for providing the 

AD product. Finally, the Aggregator can also use the selling of other services (consulting, 

energy saving etc) as a main source of revenues. 

 

3.5.4 Risks, synergies and partnerships 

The analysis of existing Aggregators also shows that the optimization of portfolios of 

contracts in a specific market is not enough to secure the Aggregator profitability on the long 

run. This is mainly because AD products demand and AD products supply are very unstable 

in a specific geographical market. In response to that, the Aggregator has to care of the 

following elements. 

The Aggregator has to analyse risks. The main ones to anticipate and to identify are the risk 

for penalties, the competition with other Aggregator and the non delivery of the AD products. 

It also has to diversify its offers to AD purchasers or AD providers in order to generate a 

complementary source of revenue. For instance, it can offer energy management services 
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(consulting, home energy appliances, carbon certification trading, energy audit) or hedge 

against market prices risks. That is why the development of partnerships is a key element of 

the Aggregator strategy. Through the partners, the Aggregator increases those 

competencies, hedges risks and has access to new consumers. Aggregation of 

decentralised generation and storage management of electrical vehicles have also to be 

taken into account as complementary competences.  

On the top of that, the Aggregator needs to constantly look for new markets to protect itself 

against the uncertainty of the demand. The Aggregator has to target markets where there is 

a will to promote AD and where the regulatory rules allow visibilities on revenues and 

volume (for instance where there is a capacity market). It should also target markets where 

the electricity system is going to change, especially due to electricity from renewable 

energies or electric vehicles.  

Finally, the Aggregator may evolve in its business structure. It seems that the integration to a 

retailer seems a good way to reduce fixed costs and operational risks for both partners. 

 

3.5.5 Success strategy 

From the above criteria for the Aggregator long term strategy, the best context for him to 

succeed can be ascertained.  

First of all the electrical system should have relevant needs in order to find an interest to use 

AD (peak production, voltage, load, development of electricity from renewable energies 

generating instability on the grid, balancing problems). The regulatory context should be in 

favour of the development of AD: the AD is still not as competitive as other means already in 

place. The Aggregator has to know the available public programs, environmental objectives 

to reduce energy consumption and specific market conditions. The Aggregator also has to 

check if there is an interest from the consumers‘ point of view. Financial revenues for 

residential consumer are difficult to demonstrate. That is why the Aggregator has to study if 

they are somehow sensitive to environmental constraints, what are their tariff structures, etc. 

Regarding bigger consumers, those who have interest to enter a demand response program 

are those with high energy bills or those who have some means of energy generation or 

storage. 

Regarding smart grids issues, the Aggregator can do its business putting in place its own 

infrastructure even if a smart grids‘ one has not been implemented. This is the case in the 

US where the business of the Aggregator is the most advanced without the development of 

smart meters. But a public smart grid infrastructure may help the Aggregator as it can rely on 

it to construct its offers and reduce its costs to enter the business.  

To conclude, the following template is provided including criteria on which the long term 

strategy of an Aggregator should be based. The same template can be use to ascertain if a 

market context is relevant for the development of the Aggregator‘s business. 

 

Demand Response Volume needed by AD purchasers 

Perspective of revenue 

Long term visibility on volume and prices 

Possibility to constitute a relevant portfolio of consumer and to adapt it in the long term to 

AD purchasers needs 
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Regulatory context: market regulation, price regulation, utilities and other actors' 

obligations in term of energy efficiency or system management. 

Potential Risks: market risks, credit risk, operational risk, competition 

Possibility to sell complementary services 

Possibility to go on new markets (geographical markets)  

 

3.5.6 Optimization of portfolios 

The qualitative approach is not enough for an Aggregator to manage a profitable business. It 

has to resort to a mathematical optimization model to find the optimal portfolios of contracts 

with AD purchasers and AD providers. 

If the flexibility products would be liquid on the consumer side, the Aggregator could 

perfectly match the characteristics (contract duration, ramps constraints, maximum number 

of calls, etc) of the service requirements with the consumer products. In this ideal situation, 

the Aggregator would be able to match cash flows (i.e. revenues and expenses) in such a 

way that a natural hedge could be found. Sometimes, this can be to some extent achieved 

by making a partial or total pass through of the service commitments, including penalties, to 

the consumer. 

However, flexibility products are not liquid and they cannot be perfectly matched to the 

requirements of the different services required by DSOs, TSOs, etc. This is the reason why 

the Aggregator has to define an optimal portfolio of contracts and also define an optimal 

operation procedure for managing the flexibility resources. 

The most suitable way to determine the optimal portfolio is by resorting to a mathematical 

optimization model. At this stage the model has to consider all details of the Aggregators‘ 

activity. It means that it should use the following tools:  

- modelling of consumers‘ behaviour (AD providers) 

- modelling of markets‘ behaviour (AD purchasers) 

Those models to forecast available resources and also the service requirements would 

serve as input data to a model determining the optimum portfolio of contracts. 

Regarding a model or a tool useful to determine the optimum portfolios of contracts, it should 

be able to characterize the consumers or AD purchaser's parameters, but it is also essential 

to characterize the contracts. All the criteria developed in the previous part regarding 

consumers parameters, AD purchaser's parameters and contracts are the element to take 

into account by a tool when analysing contracts and portfolios. Those criteria should be 

looked at before deciding if a consumer can enter a demand response program and if the 

Aggregator can answer an AD purchaser's request as well. Contracts represent the 

constraints to which the Aggregator is subject to. 

But the stochastic nature of the problem translates into an uncertain outcome to the 

Aggregator. In this context the Aggregators‘ strategy in terms of risk preferences can be 

introduced as an additional constraint (e.g. a minimum profit constraint, a value at risk 

constraint, a conditional value at risk constraint, etc) to the optimization model. It will 

determine, for instance, the reserve margin of flexibility resource that an Aggregator may 

consider to avoid not fulfilling the service requirements.  

Obviously, the optimal portfolio of contracts cannot be determined, if the subsequent optimal 
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timing and scheduling of AD resources is not represented. The Aggregator has to decide 

how to operate the available portfolio of consumers in order to maximize profits. Tools to 

optimize the main model, namely to manage the portfolio and optimize the operation of 

DERs have been described in this document. The literature review [1-6] refers to the 

optimisation tools applied to the Aggregator's portfolio management in the European project 

EU-DEEP. 

Finally, the problem of finding the optimal operation of flexibility resources has many 

similarities with the problem of finding the optimal scheduling of generating units with 

uncertain unit availability and uncertain demand (this is usually known as the stochastic unit 

commitment problem). Several references can be found in the literature to tackle this 

problem.  

It is noteworthy that the same model used to determine the optimal portfolio of contracts 

when the business starts will have to be used to constantly revaluate and balance the 

portfolio of contracts. This will be necessary due to the different contract durations between 

AD sellers and buyers, and also due to the changing conditions that the Aggregator may 

face, among others: 

- New regulatory constraints or new regulatory rules; 

- Changes in the network topology; 

- Changes in the clients' characteristics; 

- To correct past forecasting mistakes. 

Below an example of a model that tackles some of the complexities that may arise in this 

context. 

 



D2.1 - Algorithms for aggregators, customers and for their 

equipment which enables active demand 

V1.0 

Copyright ADDRESS project page 57 of 109 

-Flexibility characteristics
-Cost of the AD resource
-Other Costs (e.g. EB)
-Liquid or iliquid product
-Time terms, etc
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95
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95
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Figure 18 - Portfolio and operation optimization model 
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4 Algorithms for Energy Box & home equipment 

4.1 Functional Architecture of the Energy Box 

The functional architecture of the Energy Box is shown in Figure 19, where: 

 

Figure 19 - Object diagram for the Energy Box 

 

- A daemon is a computer program that runs in the background, rather than under the 

direct control of a user. Here, daemons are developed for dealing with network 

communication on specific interfaces. Daemons may be considered independent 

processes in the sense that very often they run in their own threads (there is a 

daemon for every interface implemented in the EB). Each daemon alerts another 

entity whenever something happens on the corresponding interface. 

- Daemons are connected to the Interfaces Logic. Whenever one of them receives a 

message, it alerts the Interfaces Logic. 

- The Interfaces Logic wakes up as soon as it receives a new message. It then writes 

the data contained in the message to the Information Data Model. Then it ‗kicks‘ the 

Optimization Algorithm if it is needed to perform again the optimization on the new 

acquired data. The Interfaces Logic receives messages from the Device Daemons 

about changes in the appliances connected to the EB. It also receives messages 

from the Listener Daemon when a new manageable device must be connected. The 

Interfaces Logic contains the logic to take appropriate actions for managing such 

changes. 

- The Information Data Model is a thread safe object which is used to exchange data 

between the Interfaces Logic and the Optimization Algorithm. 

- The Listener Daemon listens to the Internal Interfaces Logic looking for new devices 

trying to join the house network. When it finds a new device, it will initiate a daemon. 

- There is a Device Daemon for each device connected to the EB. Device Daemons 

only listen to a single appliance and send a message to the Internal Interfaces Logic 

when they receive a message. 

- The User Interface allows the user to insert all the commands and settings available 
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for managing the EB. 

An example of the use of the Energy Box in a possible household network is 
shown in Figure 20.  

Non-smart load

 

Figure 20 - System level overview of the Energy Box and the connected devices and displays 

 

4.2 Optimization algorithm 

By means of the HMI, the user can activate the optimization procedure that provides the 

optimal schedule on the basis of price information, programming information (type of 

washing cycle, appliances for which it is possible a delayed start, etc), and user settings 

(comfort level). Possibly, the end-user can modify some settings and re-launch the 

optimization module before accepting the solution proposed.  

Note that the EB optimizes only variable energy costs and cannot affect other components 

of the electrical bill. Therefore, the EB does not provide the end-user with any information 

concerning the overall monthly bill. It only guarantees some savings to carry out device 

activities that the end-user would run anyway. Also, note that the EB must have information 

on how much energy non manageable devices will consume, i.e., the optimization must 

account for the typical energy consumption profile of the end-user. This is a nontrivial point. 

Since it is difficult to punctually forecast ―spot‖ activities (e.g., turning on the iron because I 

realized that my shirt is creased), the EB must have a reasonable confidence on typical 

energy requirements (from non manageable devices) and optimize assuming such typical 

pattern. 

In this section a first version of the optimization model is presented. It is worth noticing that, 

even if the model includes a precise definition of all the devices connected to the house 

EBox 
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network, the optimization procedure can be easily generalized to consider scenarios having 

a different set of appliances or devices. 

 

4.2.1 Basic assumptions 

The optimization model is based on the following basic assumptions: 

1. The time horizon (typically, one day) is divided into T time slots (e.g. 96 slots, 

corresponding to 15-minute periods); 

2. The end-user is supposed to have an electric air-conditioning system, photovoltaic 

panel (that charges a storage battery used as a buffer), and various appliances 

(dishwasher, washing machine, oven, electric vehicle, etc.). The model is quite 

flexible in this respect, i.e., these elements may or may not be present, there can be 

additional storage devices or appliances without major modifications to the model 

structure, but possibly considering only additional constraints or variables. 

3. Each smart appliance is characterized by a working cycle, sent by the appliance to 

the EB or registered in the inner database of the EB, each time the end-user 

decides which cycle should be performed (e.g. ―delicate fabric‖ for a washing 

machine). A working cycle of the i-th appliance is a vector Vi having Di entries, each 

reporting the power consumption CPi,s (kW) in the s-th time slot of the cycle (with s 

=1,…, Di). Di represents the duration of the working cycle measured in time slots. 

Power consumption is supposed to be constant within one time slot (possibly, this is 

obtained as the average consumption during that time slot). 

4. The end-user receives a proposal from the Aggregator as a price/volume signal, i.e., 

the user will receive a reward (€) if total consumption from the network (kW) does 

not exceed (if a reduction is requested) or exceeds (if an increase is requested) a 

certain threshold value.  

5. The end-user may specify how desirable it is for him/her to run an appliance in a 

certain time interval. For instance, the end-user may be prompted with one or more 

messages of the type: ―Enter the time within which you wish to complete the 

washing cycle‖, ―Enter the time within which the washing cycle has to be completed 

(hard constraint)‖, etc. The replies to these questions are translated (by a simple 

routine of EB interface) into model parameters expressing how desirable is for the 

user to start the appliance i in the slot t.  

6. For each time slot there is an upper limit on the power consumption, which comes 

from the contract the end-user has with the utility/retailer. 

7. The model makes use of forecasts. One is the forecasted non manageable load. EB, 

in fact, must account for non manageable loads, in order to correctly formulate the 

constraint on maximum power consumption. Another forecast (which can come from 

an external service) is the weather forecast. This forecast allows EB to have 

information on external temperature during each time slot, as well as on the amount 

of energy that is likely to be available in input (and stored in the battery) in the 

various time slots. 
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4.2.2 Model parameters and inputs 

The model uses a certain number of parameters and inputs, coming from various sources. In 

particular, number and types of manageable devices, manageable devices energy profiles, 

user settings and device schedule, all come from the Internal Information Data Model, while 

environmental variables (e.g. heat transmission parameters), price signals (costs, rewards) 

and constraints (e.g. on instantaneous power not exceeding 3 kW) come from the External 

Information Data Model. 

 

Model size parameters: 

 N: number of manageable appliances. 

 T: number of time slots the day is divided into. 

 SD: slot duration [h], equal to 24/T. 

User-supplied inputs (including environmental parameters): 

 1 2 3, ,
: weight of money saving, schedule desirability and environmental comfort, 

respectively. 

 ,i tPR
: scheduling coefficient, i.e., an integer (e.g. from 1 to 5) that expresses how 

desirable it is that the appliance starts in time slot t (1 indicates maximum 

desirability), on the basis of the user‘s preferences on the appliance schedule. 

 
SET

tT
: desired value [°C] of house internal temperature in time slot t. 

 : temperature increase due to the difference of 1 °C between internal and external 

temperature, during a time slot (can be estimated as
1 1/ 100t

, when t is the 

number). 

 tEP
: energy price [€/kWh] of the energy drawn from the net in time slot t. 

 M : maximum power [kW] that can be drawn from the net. 

 : temperature decrease yielded by 1 W of air conditioning. 

Aggregator-supplied inputs: 

 
red

tV
(

inc

tV
): load reduction (increase) [kW] volume requested in time slot t. 

 
red

tR
(

inc

tR
): reward* [€] for load reduction (increase) in time slot t. 

 
NM

tP
: power absorbed [kW] by non manageable appliances in time slot t. 

* [the user gets the reward 
red

tR (
inc

tR ) if the energy [kWh] drawn from the net in 

time slot t is less/greater or equal than 
red

tV (
inc

tV )]  

Forecasted inputs: 

 
E

tT
: external temperature [°C] in time slot t. 

 tBI
: battery input [kW] from photoelectric panels in time slot t. 

Appliance-supplied inputs: 

 iD
: duration [time slots] of working cycle for appliance i. 
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 ,i sCP
: power [kW] absorbed by appliance i in the s-th time slot of its cycle. 

 

4.2.3 Decision variables and auxiliary variables 

Here is a list of the decision and auxiliary variables appearing in the model, along with their 

description. Running the optimization model returns the optimal values of these variables. 

Manageable appliances: ,

1 if appliance  starts in slot 

0 else
i t

i t
x  

Load Reduction / Increase: 

1 if reduction is accepted in slot 1 if increase is accepted in slot 

0 else 0 else
t t

t t
y z  

Other: 

 tw
: power [kW] drawn from the net in time slot t. 

 
M

tp : power absorbed [kW] by manageable appliances in time slot t. 

 
AC

tp : power absorbed [kW] by air conditioning in time slot t. 

 tbl : battery level [kWh] in time slot t. 

 tbo : battery output [kW] in time slot t. 

 
H

tT : house temperature [°C] in time slot t. 

 

4.2.4 Output signals 

From the values of the model variables, output signals as well as other pieces of information 

can be derived: 
 (i,t) : start signal indicating the time slot t in which appliance i has to be started (this 

is defined for each (i,t) such that xit=1 in the solution returned by the optimization) 

 
AC

tp : power control signal to air conditioning (enforcing the power value computed 

by the optimization). 

Besides this, other information can be communicated to the end-user, from the values of the 

three components of the objective function 

 

4.2.5 Objectives 

Three sensible objectives to the end-user are considered: 

1. Minimizing overall costs (money paid for energy). 

2. Maximize satisfaction of certain scheduling preferences, in terms of when or within 

what time should the various appliances be run. 

3. Maximize environmental comfort, specifically meant as the comfort related to the 

internal temperature in the house.  
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The objective function (4.1) can be formulated which takes all these three objectives into 

account, weighing them by means of three nonnegative parameters α1, α2 and α3 summing 

up to 1. By the three parameters αi, the end-user has the opportunity of specifying the 

relative weight he/she wishes to give to money saving, schedule desirability and comfort.  

Similarly to the scheduling preferences, reference is not made to a skilled user who 

autonomously formulates the three values, but rather there will be certain standard profiles 

(―the money saver‖, ―the comfort seeker‖ , ―the moderate user‖  etc) that will translate into 

values for α1, α2 and α3. 

 

 

(4.1) 

 

4.2.6 Constraints 

Appliance activation 

The working cycle of an appliance i has to start in a certain time slot (and to end Di time slots 

later). Moreover, each appliance is assumed to start once in the T time slots period. This 

implies that:  

,

1

(1) 1 1..
T

i t

t

x i N

     (4.2) 

 

Manageable Appliances load 

For each time slot t, the power required by the manageable appliances is given by summing 

up the power needing of all working cycles containing t, as established by the constraints: 

 

, , 1

1 1

(2) 1..
iDN

M

i s i t s t

i s

CP x p t T

   (4.3) 

 

Reduction (Increase) of energy load 

According to the price/volume parameter received by the Aggregator, if the power drawn 

from the network in time slot t is less (greater) than the value 
red

tV (
inc

tV ) then the reduction 

(increase) requirement is met and the corresponding variable yt (zt) can be set to 1, else it 

must be set to 0. This behaviour is enforced by constraints (3) (constraints (4)). 

 

(3) 1.1 .

(4) 1..

red

t t t t

inc

t t t

w V M t Ty y

zw V t T

  

 (4.4) 
(3) 1.1 .

(4) 1..

red

t t t t

inc

t t t

w V M t Ty y

zw V t T
  

 (4.5) 
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Storage battery 

The charge of the battery is modelled with a simple balance equation, i.e. the charge in time 

slot t is equal to charge in the previous slot minus the energy supplied to the electric loads (a 

model variable), plus the energy supplied by photovoltaic panels (a forecasted data). To take 

into account also a maximum charge level, such balance is expressed by the following pair 

of inequalities:  

 

1 1..

6 1

(5

..

) t t t t

max

t

tbl bl SD BI bo

b

T

BL t Tl
   

 (4.6) 1 1..

6 1

(5

..

) t t t t

max

t

tbl bl SD BI bo

b

T

BL t Tl
  

 (4.7) 

 

Note: a suitable value for bl0 has to be chosen to write the constraint for t=1. 

 

Air Conditioning 

The air conditioning is modelled as a simple first-order heat-transmission process. 

Constraint (7) describes the dynamic of such process, driven by the power absorbed by the 

air-conditioning system. Constraints (8) and (9) are used to set the value of Tt
gap 

to the 

absolute deviation between desired and actual house temperature in time slot t. 

 

(7) pTTTT
AC

t

E

t

H

t

H

t

H

t 1111
)(  Tt ..1  

  

 (4.8) 17 ( ) 1..

8 1..

9 1..

H H H E AC

t t t t t

H gap

t t

set

t

H gs ap

t

et

t t

T T T T p t T

T T t T

T T t

T

TT

  

 (4.9) 

17 ( ) 1..

8 1..

9 1..

H H H E AC

t t t t t

H gap

t t

set

t

H gs ap

t

et

t t

T T T T p t T

T T t T

T T t

T

TT
  (4.10) 

Note: a suitable value for 
0

HT has to be chosen to write the constraint for t=1. 

 

Power balance 

The last constraints are simple balances, for each time slot, between the total power load 

from manageable appliances, air conditioning system and non-manageable loads and the 

power drawn from the net or supplied by the battery: 

 

10 1..M AC NM

t t t t tp p P bo w t T
   (4.11) 

 

4.2.7 Optimization model 

Summarizing, this is the complete optimization model (eq. 4.1 – 4.11): 
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4.2.8 Heuristic algorithm 

A heuristic algorithm could be useful to obtain solutions as close as possible to those 

obtained by solving the optimization problem described in the previous section, with 

reasonable computational costs and without using dedicated software for Integer Linear 

Programming optimization. 

An iterative greedy-like approach is proposed, which builds a solution through the following 

steps: 

 First of all, all the possible sequences are generated according to which the 

appliances could be scheduled over a given time horizon. This implies that, for N 

appliances, N! permutations are generated; they can be organized in a matrix , 

whose generic row k (k = 1,…, N!) is given by 

, 

where a(i) = j means that the i-th appliance in the sequence k is appliance j. 

 For each permutation k, the heuristic sequentially selects one appliance at a time — 

thus starting from a(1) and then going on with the generic a(i), according to the 

ordering given by the permutation — and attempts to schedule such appliance 

starting from each time slot in the time horizon. More specifically, for each possible 

time slot t, the heuristic checks whether allocating the appliance working cycle 

starting from t is compatible with the residual power available, not for that time slot 
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only but for the entire duration of the appliance working cycle (i.e., up to t + D(i) - 1). 

This issue will be further detailed later on. 

 If the appliance a(i) can indeed be scheduled starting at t, then the corresponding 

cost is computed which can be associated to such scheduling in the time window [t, 

t + D(i) - 1], as follows: 

       

 (4.12) 

Where 

 

      

 (4.13) 

and is the power [kW] absorbed from the net in time slot  by the already 

scheduled manageable appliances in the current scheduling. 

The start time of appliance a(i) will then be chosen as the time slot  which 

minimizes the cost . 

 Once the appliance a(i) has been scheduled, the energy level available (which is 

given by the sum of the power drawn by the net and the power supplied by the 

battery) is updated by deducting the energy required by the working cycle of the 

appliance a(i). Notice that this computation is needed to ensure data to be 

consistent; i.e., for any further appliance to be scheduled it is necessary to check for 

energy availability accounting for all the appliances already scheduled in the same 

time slot. 

 Then, the heuristic tries to schedule the next appliance in the selected permutation, 

a(i+1), until all appliances have been scheduled. Therefore, each of the N! possible 

sequences has a corresponding overall cost . 

 When all the permutations have been processed, a list of possible schedules is 

available together with the corresponding cost, ; the heuristic chooses, 

among these schedules, the one which guarantees the lowest cost. Notice that, the 

algorithm can always modified in such a way that its computational time is below to 

a pre-specified time limit, eventually, by selecting only a subset of all possible 

permutations to be processed. 

 

4.2.8.1 Check for energy availability 

As for the check for energy availability to schedule appliances starting from a given time slot 

t, further comments are necessary. It has to be recalled that the overall energy available is 

partially supplied by the photovoltaic panels‘ battery and partially drawn from the net (for a 

maximum value of M, according to the consumer‘s contract).  

The condition to test is the following: 
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                   (4.14) 

where  denotes the power consumption of the air conditioning at time slot , computed 

on the basis on the forecasted temperature behaviour, denotes the power consumption 

of the already scheduled (manageable) appliances, and  is the battery level at time 

slot .   

In case that the above condition is not satisfied, then the appliance a(i) cannot be scheduled 

in t. As a consequence, the heuristic will assign an infinite cost to time slot t as start time for 

the appliance a(i) in the sequence k; i.e., . 

4.2.8.2 Air conditioning management 

For air conditioning, the heuristic computes the power consumption profile over the whole 

time horizon (i.e., 24 hours) required to guarantee the ideal temperature set by the user. 

Then, based on the user‘s preferences (set through the parameters α1, α2 α3), the heuristic 

scales the ideal profile proportionally to the weight for the environmental comfort. Therefore, 

only a fraction of the ―ideal‖ power consumption profile will be allocated to the air 

conditioning — which will work with a ―reduced‖ profile —, before the heuristic attempts to 

allocate any other manageable loads. 

Next, the heuristic is run as discussed before, by processing the permutations one at a time 

using the residual amount of energy available. 

Finally, when all appliances have been scheduled, the heuristic goes back to the air 

conditioning management, trying to allocate the remaining power still available (if any) to 

reduce the gap between the desired and the actual house temperature, starting from the 

time slots for which the deviation is higher. 

4.2.8.3 Evaluation of the Aggregator’s proposals 

Notice that the procedure discussed before accounts for the scheduling of manageable 

loads and air conditioning based on the ―nominal‖ energy price, which is the price fixed by 

the contract. Nevertheless, it is straightforward to extend it in order to account for possible 

increase/reduction proposals coming from the Aggregator, which will offer a reward to the 

consumer.   

In fact, (4.12) still holds, but EPW has to be computed by accounting not only for the nominal 

energy price, but also for possible rewards provided by the Aggregator in case the user 

consumption stays within specific thresholds. Therefore, (4.13) is replaced by the following: 

    (4.15) 

 

An experimental analysis has been carried out, in which the performances of the exact 

model of Section 4.2.7 with the heuristic described in this section are compared to each 

other.  
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4.2.8.4 A scheme of the heuristic algorithm 

 

 

1. Compute the “ideal” power consumption profile of the air conditioning (AC) over 

the time horizon T (by Equation (4.8)). 

2. Assign a fraction of the “ideal” power consumption of AC according to the value of 

the 3 parameter. 

3. Update the available energy level by deducting the energy required by the assigned 

AC power. 

4. Generate a subset ’ of permutations of the appliances to be scheduled over the 

time horizonT 

5. Foreachpermutation k, in  ’ do 

6. For eachappliance a(i)in k do 

 Let A be the set of the time slots t for which a(i)can be scheduled 

starting at t. Compute the starting time of appliance a(i):   

 (see Equation (4.12) with (4.15) in 

place of (4.13)) 

 Update the available energy level by deducting the energy required 

by the working cycle of the appliance a(i). 

endFor 

9. Compute the cost of permutation k: . 

endFor 

10. Select the permutation k with minimum cost:  . 

11. Allocate the remaining power still available, if any, to AC to reduce the gap 

between the desired and the actual house temperature, starting from the time 

slots for which the deviation is higher. 

 

 

4.3 Interfaces Logic 

The Interfaces Logic wakes up as soon as it receives a new message from external and/or 

internal interfaces. It writes the data contained in the message into the information data 

model. A class of object is defined for implementing the Interfaces Logic. 

The Interfaces Logic communicates with the external Interfaces Daemons (meter, weather 

forecast and Aggregator) and call the Optimization Algorithm when a new optimization is 

required. 

It also communicates with both the Device Daemons and the Listener Daemon. The Device 

Daemons send messages about changes in the appliances connected to the EB, while the 

Listener Daemon sends a message when a new manageable device must be connected. 

The Interfaces Logic contains the logic to take appropriate actions for managing such 

changes.   
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4.4 External interfaces 

There is a daemon for every external interface implemented in the EB. Each daemon alerts 

another entity whenever something happens on the corresponding interface. Three external 

daemons are defined in the Energy Box. The names of these daemons are: Meter Daemon, 

Aggregator Daemon and Weather Forecast Daemon (Figure 21). 

 

Energy 

Box

Weather 

Forecast
Meter 

Interface

Aggregator 

Interface

EXTERNAL INTERFACES  

Figure 21 - External Interfaces 

4.4.1 Weather forecast Interface 

Having weather information available at the EB will ease optimising energy consumption 

scheduling. There are also appliances, which might benefit from this information as well. 

This forecast might be received from a centralised meteorological institute. 

Additionally, this task will consider the case where the EB includes both an inside and an 

outside home temperature sensors. This way the EB can learn about the home thermal 

inertia and be able to forecast consumption. 

The information received will be used by the EB in order to optimise the use of the 

appliances and to schedule all of them along the day while keeping the consumer‘s comfort.  

Two kinds of messages are defined and considered as the most important messages sent to 

EB: 

 Message from meteo server to EB (WeatherForecast2EB): it contains 

the forecast of two days with the resolution of 1 hour. 

 Message from internal and external home sensor to EB 
(WForCastSensor): it includes the instantaneous (the current 

conditions when they are requested) parameters such as temperature, 
pressure, humidity, solar radiation or wind speed. 

4.4.1.1 Message from meteo server to EB (WeatherForecast2EB) 

This message is sent by a weather forecast server to the EB.  

The message is sent every day and contains the forecast of two days with 1 hour resolution. 

The meteo server will send the message when it is available, with current TimeStamp and 

with the end date of validity. 



D2.1 - Algorithms for aggregators, customers and for their 

equipment which enables active demand 

V1.0 

Copyright ADDRESS project page 70 of 109 

The message is divided in two parts as following described: 

First part - Contains the message identification and the following parameters: 

 messageId: the id of the message; 

 areaId: Area / location to which the message is addressed; 

 timeStamp: Date and Time in which the message is generated. 

Second part - Contains the parameter used for weather prediction: 

 Day: is the day for which the forecast is referred; 

 Temperature: Temperature estimated in day and hour reported;  

 Pressure: Pressure estimated in day and hour reported; 

 Humidity: Humidity estimated in day and hour reported; 

 Solar Radiation: Solar Radiation estimated in day and hour reported; 

 Wind Speed: Wind speed estimated in day and hour reported;  

 Time: hour inside the Day for which the forecast is referred. 

 

4.4.1.2 Message from internal and external home sensor to EB (WForCastSensor) 

This message contains the instantaneous parameters relayed by the internal or external 

home sensor. These parameters are optional. Depending on the type of sensor, it fills the 

fields of the message. 

First part - Contains the message identification and contains the following parameters: 

 consumerId: consumer to which the message is addressed; 

 sensorId: Type of sensor; 

 timeStamp: Date and Time in which the message is generated. 

Second part - Contains the optional instantaneous parameters used for weather prediction: 

 Instantaneous temperature 

 Instantaneous pressure 

 Instantaneous humidity 

 Instantaneous solar radiation 

 Instantaneous wind speed 

 

4.4.1.3 Treatment and Data base 

The EB receives the messages from the meteo server or the external or internal home 

sensor, stores them and applies a different treatment according to the signal. The following 

paragraphs will define and set up the conditions and features in order to process all these 

messages.  

Message from meteo server to EB (WeatherForecast2EB) 

Energy Box receives the message from meteo server and stores it in a table (DB).  The 

stored weather forecast information can be used by the EB optimization. 

The above message is structured in order to manage the forecast for two days; it is easy to 
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increase the forecasting horizon without changing the defined XML message. In addition 

reporting in the message the time for every hour estimation, could be managed also weather 

forecast message that not contain estimation parameter for all 24 hour.  

The information sent by the meteo server is summarized in Table 6: 

 

Field Format Description 

messageId Varchar Message code received 

areaId Varchar Area/location Code of EB 

Day Date Date in YYYY/MM/DD 

Time Time HH:mm   

Temp Decimal Temperature  

Press Decimal Pressure 

Humidity Decimal Humidity 

Radiation Decimal Solar Radiation 

Wind Decimal Wind Speed 

Table 6 - Weather forecast data format 

 

Such information could be stored in DB with the following structure: 

 

MessageId Day Time AreaId Temp Press Humidity Radiation Wind 

1 ... ... ... ... ... ... ... ... 

2 ... ... ... ... ... ... ... ... 

 

where Day + time + areaId can be the primary key. 

 

Message from internal and external home sensor to EB 

This message is received from an internal or external sensor, but its interpretation is the 

same in both cases. Both sensors send this message every hour. 

The message contains the consumer ID, the sensor ID and the time stamp with the hour and 

date when the message was generated. The consumer ID is used to identify if the message 

is addressed to the EB, otherwise the message will not be taken into account. The field 

sensor ID specifies the type of sensor used (1 for internal sensors and 2 for external 

sensors). Other values may be used in the future. 

Also, the message includes the instantaneous weather parameters: temperature, pressure, 

humidity, solar radiation and wind speed. These parameters are optional because sensors 

could not be able to provide some of them, but the message should contain at least one of 

them. 



D2.1 - Algorithms for aggregators, customers and for their 

equipment which enables active demand 

V1.0 

Copyright ADDRESS project page 72 of 109 

When EB receives the message, it will be stored in a database whose structure is reported 

in Table 7. 

Field Format Description 

ConsumerID Varchar Consumer code  

SensorID Decimal Type of sensor 

Day Date Date in YYYY/MM/DD format 

Time Time Time in HH:mm format 

Temperature Decimal Instantaneous temperature 

Pressure Decimal Instantaneous pressure 

Humidity Decimal Instantaneous humidity 

Solar radiation Decimal Instantaneous solar radiation 

Wind speed Decimal Instantaneous wind speed 

Table 7 - Weather forecast database data format 

 

4.4.2 Meter Interface 

The EB must take into account the end-user habits concerning non 
manageable devices. Since these consumptions are difficult to forecast, the 
EB should continuously monitor consumption to check whether the schedule 
is still compatible with actual consumption. This implies that the EB should 
receive information on instantaneous consumption.  

To do so, the meter interface periodically updates the information about non 
manageable consumption by receiving from a meter the 15‘ average 
household consumption. The average household consumption will be used 
to compare it with the consumption of the smart appliances. Depending on 
the country legislation  and smart meter availability, this information will be 
sent to EB from a (smart) official meter or by an additional system (such as a 

clamp or additional measurement device).In both cases, the use of this 
information will provide the EB with the essential information for scheduling 
their appliances downstream during the day. In the following both 
possibilities will be taken into account and their development will be carried 
out.  

There are three ways the EB can get metering data:  

1. Data can be requested by the EB directly to the official meter. 

2. Data can be requested by the EB to the official meter through an additional meter 

interface. The meter interface is the gateway between DSO network and the Home 

Area Network (HAN). The communication between the meter and the meter 

interface can be either wireless or wired, with the technology and security system of 

the meter responsible (the DSO or another entity). 

3. Data can be requested by the EB to an additional metering device; in this case EB 

collects non official data. The device can be a clamp, for example, or an additional 

meter, with features similar to the official one. In all cases, those devices should be 



D2.1 - Algorithms for aggregators, customers and for their 

equipment which enables active demand 

V1.0 

Copyright ADDRESS project page 73 of 109 

connected in a form that ensures the correct measurement of the 

consumption/generation of the whole customer‘s premises. 

Figures 22 to 24 depict the three possible solutions. 

 

 

Home 

Meter 
E. Box 

 

Figure 22 - Meter directly connected to Energy Box. Mains cable in red, data connection in blue. 

 

 

Figure 23 - Meter connected to the EB through a Meter Interface. Mains cable in red, data 
connection in blue. 
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Home 

Meter 
E. Box 

Clamp 

 

Figure 24 - Meter without appropriate communication interface. A secondary meter or clamp is 
used as source of data. Mains cable in red, data connection in blue. 

 

There are several possible solutions for the transmission of metering data: wired, using one 

of the PLC solutions that already exist (e.g. Homeplug), or wireless, using solutions like 2.4 

GHz ZigBee. 

 

4.4.2.1 Smart Energy Profile based communications 

In this section the communications between the metering device and the EB will be 

discussed for solutions based on ZigBee. The term ―meter‖ will refer to the ―additional 

metering device‖. 

The ZigBee Smart Energy Profile (SEP) application protocol is a seven layer built on top of a 

TCP/IP protocol stack. The PHY and MAC layers are based on 802.15.4. A complete 

standard TCP/IP protocol stack adds routing and transporting capabilities. On top of it, the 

SEP is used, implementing a metering device; the Efficient XML Interchange format is used 

over HTTP standard services. The EB implements only the GET method, since there is only 

the need of receiving information from the meter, list of resources of the meter, and 

operational status. No changes for the parameterization of the meter are needed: they 

wouldn‘t be allowed by the DSO or by the owner of the meter. 

For this application, a low-power ZigBee solution will be implemented in the metering device. 

Such solution uses a transceiver that will be sleeping while waiting for the EB to request the 

information. Thus, a 2-way communication schema is needed, to allow the EB to request 

data, and the meter to respond. Nonetheless the data flow is mono-directional since it is not 

allowed to change the meter data or its behaviour; metering information will be requested to 

the meter every 5 minutes. 

For further information on ZigBee technology please refer to the ZigBee Alliance and to the 

set of papers or documents available. In the following, with reference to the Metering Profile 

of the SEP, the mechanisms for exchanging the metering data required by the EB will be 

presented. 

From the point of view of the SEP, the meter acts as a server of metering data, whilst the EB 

acts as a client. Although periodical or asynchronous data transmission from the meter to 
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the EB is admitted by SEP, in the developed application data will be exchanged only after a 

request by the EB. Protocol services are well defined and there‘s no need to add new 

transfer mechanisms. 

The Device Type to be used by the meter is Meter. For the EB, as a client, the minimum 

Device Type to be used is ―In Premises Display‖.  

The protocol to be used is HTTP, using preferably TCP port 80 (if using TLS, the TCP port to 

be preferably used is 443), and the transfer service to be used for this application is the GET 

method, taking into account the set of return codes that comply with the standard response 

message codes. See the ZigBee specification for the SEP for more details. 

All the resources in the meter must be represented by self-describing identifiers, the URIs. 

The GET method is consistent with RFC 2616, and is used to request for data, like a ―read‖ 

action. PUT/POST methods won‘t be used, because there‘s nothing to change in the meter. 

For the same reason, DELETE is not used. OPTIONS (discovery of available methods for a 

resource) and HEAD (request for data structure or metadata) could also be used accordingly 

to RFC 2616. 

 

4.4.2.2 Energy@home ® Based Communications 

Energy@home ® (E@H) is a collaborative project between Electrolux, Enel, Indesit 

Company and Telecom Italia. 

The aim of E@H is to develop a communication infrastructure that enables provision of 

value added services based upon information exchange related to energy usage, energy 

consumption and energy tariffs in the HAN. The first deliverable of the project was the 

―Energy@home ® Use Cases‖ document, where the system architecture was presented 

together with reference application scenarios. Different types of services were defined, 

taking into account incremental levels of interoperability in order to provide customers with 

different levels of service, starting from simple awareness up to the achievement of a fully 

integrated energy management system. 

The project envisions a protocol that shall be used to build an integrated platform to allow 

cooperation between the main devices involved in residential energy management 

1. The Electronic Meter, responsible for providing metering data, which can be certified 

or not depending the type of meter (official meter or additional meter).The meter can  

be interfaced directly, if provided with the specific cluster defined in E@H 

specification, or via an ad hoc device which acts as a gateway between the utility 

network and the HAN and the provides the meter interface defined in E@H; 

2. The Smart Appliances, able to cooperate in order to adjust power consumption by 

modifying their behaviour, while preserving the quality of service and user experience; 

3. The Smart Plugs, able to collect metering data and to implement a simple on/off 

control on the plugged energy loads other than Smart Appliances; 

4. The Home Residential Gateway, which acts as the central coordinator of the entire 

home. It allows data exchange between the devices operating in the HAN and in the 

Internet; 

5. The Customer Interfaces, i.e. all the devices used by the customer to monitor and 

configure his/her energy behaviour. 

These E@H Technical Specifications propose a profile based on both the functionalities of 
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ZigBee-based application specification and CENELEC interworking specifications to cover 

the E@H use cases. 

The E@H protocol has been defined as a ZigBee profile leveraging on both ZigBee Home 

Automation and ZigBee Smart Energy features (cluster and devices) whenever possible. 

The profile has been designed to be potentially mapped as an extension of existing standard 

Public profile. 

All the details of the clusters used in E@H protocol can be found in Energy@home ® 

Technical Specifications. 

 

 

4.4.3 Aggregator Interface 

The Aggregator Interface interacts with consumers through the EB, providing different 

information in order to manage consumers‘ flexibility. The Aggregator sends appropriate 

messages to the EB concerning offers, prices and incentives related to AD. If the end-user 

allows this, the optimization procedure may be re-launched on the basis of such new 

information, and the previous schedule may be replaced if the new results are better than 

the old ones. 

4.4.3.1 Type of messages 

Five messages are defined and considered as the most important ones sent between 

Aggregator and the EB: 

 Contract type - Message with information about consumer‘s contract 

with the Aggregator; 

 Price & volume signal - It includes the power consume ranges and 

their associated incentive or penalisation; 

 Environmental signal - Signal with the current generation from 

renewables, CO2 emissions and so on. It is not restricted to a specific 
data type or structure; 

 EB feedback to Aggregator - The Aggregator will receive override 

information from the EB; 

 Metering information _ EB will report on home consumption at the end 

of a service request made by the Aggregator. 

 

4.4.3.2 Message processing 

The EB receives the messages from the Aggregator, stores them and applies the adequate 

treatment according to the type of signal.  

 

Contract type signal 

This message has two uses. On one side it is used to set up the consumer ID and the area 

code in the EB. On the other side, and depending on country specific framework, it gives the 

EB information about the maximum aggregated power that can be consumed. 
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According to this definition, it is not needed to define the periodicity of the message since it 

will be sent to the EB when the consumer changes its contractual conditions.  

When EB receives the message, it stores it in a database whose structure is reported in 

Table 8. 

 

Field Format Description 

Consumer ID Varchar Consumer code  

AreaID Varchar Area code where consumer is supplied 

Power Float Maximum power that can be demanded 

ContractID Varchar Contract code 

ContractType Varchar Type of contract (depending on definitions on WP5) 

Table 8 - Contract type signal data formats 

 

Price & volume signals 

The EB receives this message and stores it in a table in order to verify that this signal 

concerns to the consumer; after the check, EB will take into account the AD request in its 

inner algorithm. 

This table is associated with two fields where the processing and checking of the requests 

will be registered and stored for a possible future report to the Aggregator to check with the 

information received from DSO through the official meter. 

Aggregator and consumer will want to know the messages received during this period, the 

number of overrides (messages rejected), registered consumption, etc. When the 

contractual conditions change, the EB or the Aggregator (the current Aggregator or the new 

one) can remove the stored information in order to update the new conditions of the contract 

and to allow storing new messages. 

Tables 9-10 show the format and the meaning of the different fields as well as the features 

of the price&volume signals. 

 

Field Format Description 

MessageID Varchar Message code received 

Start Date Date in YYYY/MM/DD HH:mm format 

Duration Date Duration of the action in HH:mm 

Processing Boolean 0- The message is not processed 

1- The message has been processed 

Checking Boolean 0- The signal has not been fulfilled 

1- The signal has been fulfilled 

Table 9 - AD signal data formats 

 

Field Format Description 

MessageID Varchar Message code received 
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Upper Limit Float Upper limit of the range definition 

Price Float Incentive or penalisation related to the limited range 

Table 10 – Price&volume signal data formats 

Environmental signal 

The structure of this signal is shown in Table 11. 

 

Field Format Description 

MessageID Varchar Message code received 

Start Date Date in YYYY/MM/DD HH:mm format 

Environmental 

signal 

Varchar Code of the environmental signal (described in Table 12) 

Table 11 - Environmental signal data formats 

Additionally, Table 12 with the different codes and meanings of the environmental signals 

received in table 11 must be defined and stored in the EB. 

 

Field Format Description 

ADev_Code Varchar Message code received 

Environmental 

signal 

Varchar Description of the environmental signal 

Table 12 - Different code eEnvironmental signal data formats 

 

Metering information 

This information will depend on the data received from meter (or smart measuring device). 

The data will be stored in the EB and will be sent to the Aggregator. 

 

4.5 Internal Interfaces (Daemons) 

The interface description lays down most of the functionality of the home energy 

management system. There are different interfaces that can be distinguished within the 

household: 

 Type 3 device - Limited interface device, able to give information on its status and to 

receive on/off commands. 

 Type 4 interface - Intelligent device interface, able to respond/negotiate with the EB. 

Notice that a Type 3 device also needs a Type 4 interface in the EB (see Figures 25-27). 
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Figure 25 - Schematic overview of an interface for a Type 3 device 

 

 

Figure 26 - Schematic overview of an interface for a Type 4 device 

 

 

Figure 27 - Schematic view of an interface to smart plugs 

There is a Device Daemon for each appliance which sends a message to the 
Internal Interfaces Logic, as soon as it receives any kind of information from 
the corresponding appliance. The communication with the appliances may 
be established by using, for instance, one of the protocols illustrated in 
Section 4.4.2. Such message communicates that the appliance is available 
to be scheduled, according to the certain parameters; based on this 
information, the Internal Interfaces Logic may decide to restart or not the 
Optimization Algorithm  

 

The scenario is the following: the end-user programs manageable devices 
setting certain parameters, such as type of program (e.g. ―delicate fabric‖ in a 
washing machine), maximum completion time (―4 hours from now‖), etc. and 
then selects ―delayed start‖. At this point, the appliance communicates such 
information to the corresponding Device Daemon. 

Once an optimized schedule has been computed by the optimization 
algorithm, the Interfaces Logic communicates to each involved Device 

EBox 

Ebox 

Ebox 
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Daemon the actual programmed start time along with all the variables which 
completely define the functional behavior of the corresponding appliance. 
Afterwards, the Device Daemon sends a message containing the scheduling 
information to the corresponding appliance. So, the EB does not send 
starting signals, but it only communicates to the appliances at what time they 
will start and how they must act for the time being. By doing so, each 
appliance knows what to do (actually, when to do) and there is no need for 
further communication with the Device Daemon, unless some unpredicted 
event occurs (end-user overriding signal, or the end-user‘s change of mind). 

In order to communicate with the appliances, it is necessary to use a well 
defined language. The EB sends information about the starting time, while 
the appliances communicate the information about the energy consumption 

profile of the various programs (e.g. washing cycles). This may actually occur 
in various ways, such as: (i) all the information is sent at the time the end-
user pushes ―delayed start‖; (ii) the device is delivered by the manufacturer 
together with a CD containing the information of the various programs. This 
CD is read by the EB when the appliance is installed, and only a few bytes 
are sent when the ―delayed start‖ signal is given. The set of data 
representing the appliance and the communication messages configures the 
logical model of the appliance to be represented, and to be managed by the 
EB. 

The interface module represents the complete exchange rules and 
procedures to implement data communication between the EB and the 
appliances. The interface can be located in different places, depending on 
the type of device it is addressed to. 

 

 

4.5.1 The Listener Daemon 

There is only one Listener Daemon which listens to the house network 
looking for new smart devices   trying to join the network. When it finds a new 
device, it will instantiate a new Device Daemon. This functionality allows to 
implement a simple and effective plug-and-play strategy for connecting new 
appliances to the house network. 

As an example, in Figure 28, the sequence diagram relative to the 
subscription of a new device is reported. 
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Use case: Register new device 

Goal  Plug in a new device and register it at the available EB 

Summary Device does active scan, Listener Daemon creates DeviceDaemon, Device is 

registered at EB 

Main actor end user Secondary actor(s) EB 

Scenarios:   

 regular 1 – New device does an active scan to discover an EB 

2 – Listener Daemon sends the id of the EB to the device to indicate that an 

EB is available in his range 

3 – The device sends a second message to the listener daemon containing its 

limited device info. 

3.1 – Listener Daemon creates the correct device daemon based on the type 

of the new device 

4 – The newly created Device Daemon registers itself at the Interfaces Logic 

Conditions   

 pre There is an EB available in the range of the new device 

 post A device daemon is created and the this is registered in the EB 

Exceptions  

Figure 28 - Registering a new device 

 

4.6 Information Data Model 

The Information Data Models is used to exchange information between the 
Optimization Algorithm and the Interfaces Logic. Such models are 
implemented by means of a single class. 

This data models runs as thread safe objects, in order to ensure that it 
always maintains a valid state, even if it is concurrently used by multiple 
threads. 

Table 13 shows an example of the schema of the EB database that is developed. The data 

type of each field in tables is briefly described in general terms, given the fact that a DBMS 

is still to be selected, and actual data types may vary from one DBMS to another.  

 

Basic DB structure 

 

Table ID EBoxEssentials 

Contents All the general information regarding the EB itself that is to 
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be stored in the DB: data formats, identifiers, access, 

addressing, communications, security… 

Field Type Description 

EB_ID STRING [primary key field] Universal ID for the EB, like 

its Serial Number 

Date_format STRING Format of the date and time 

values 

Temperature_format ENUMERATED Temperature in ºC, ºF 

Language ENUMERATED Indicates the active 

language in the HMI 

Currency_format STRING Currency formats: decimal 

values, currency symbol 

Aggregator_operator STRING ID of the aggregator to 

which this EB is attached 

Firmware_version STRING Version of FW currently 

loaded in the EB 

Customer_ID STRING Meaningful name of the EB 

User_password STRING Access control for the user 

Enable_logs BITMASK With some bits, the 

behaviour and the amount of 

information that the logging 

system can gather from the 

EB operation: 

communications, internal 

operation, annotation of 

events and alarms… 

Alarm_mask BITMASK With one bit per alarm or 

event that can be produced, 

some isolated events or 

even complete categories 

can be masked if they are 

not found useful for the end 

user or any other more 

specialized operator 

Power_subscribed INTEGER Contracted or subscribed 

power for client‘s premises, 

in W 

Discover_period INTEGER Period, in minutes, to trigger 

the discovery of new DER 

devices 
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Security_keys STRING This field and the next 

(ellipsis) indicates that the 

security parameters are not 

yet clear (nor number nor 

category or use) 

... … … 

Table 13 - Basic DB structure  

Other tables are defined in order to gather all the required information for the 
EB. These tables are: 

- Basic DB structure 

- Communication setup data formats 

- IP settings data formats 

- PLC settings data formats 

- Serial interface settings data formats 

- Alarm data formats 

- Alarm description 

- Appliance data formats  

- DER functionality data formats 

- Aggregator signal data formats 

- Comfort settings data formats 
 

4.7 The User Interface module 

The User Interface (UI) module defines all the actions the end-user is able to perform on the 

system. According to architecture considered here, the end-user cannot wield through the 

EB a direct or complete control over all devices connected to the system, but extra 

interfaces are required to communicate directly with appliances. 

The interactions between the end-user and the EB are twofold. The first interaction concerns 

the user preferences: the information associated to them is stored in the internal information 

data model. Examples are the desired comfort level or the level of interaction the end-user 

wants to keep. The end-user may decide to be always asked to validate proposed 

schedules, or only in certain cases, or not at all (unless the EB is not able to find a feasible 

schedule). The end-user inserts his/her own preferences through the user interface in the 

EB or a web connection. 

The second interaction concerns the device settings; it involves the device interfaces, the 

internal information data model and the optimization module. In this case the EB receives 

from manageable devices the override signals due to a request of the end-user. This request 

may cause a new optimization phase; if the Optimization Algorithm achieves a feasible 

solution, the new schedule is committed; otherwise, suboptimal solutions, taking into 

account the different priorities of each device, are considered. A suitable signal informs the 

end-user about this latter situation. Finally, the EB may also receive an override signal 

directly from the end-user, asking for a re-scheduling of the devices; the EB must elaborate 
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a new solution, which has to be approved by the end-user. 

 

The UI functionalities on the EB will be described considering different use 
cases. In such a way the internal mechanisms of the EB will be analysed by 
means of the possible requests by end-users. To this aim different typologies 
of users (actors) will be defined, each of them with specific possible actions 
on the EB.  

 

4.7.1 EB Behaviour 

Here, the way the internal mechanism of EB system deals with UI requests is described in 

details. 

4.7.1.1 User Interface daemon / Task structure 

The initial approach to the UI can be resumed as in Figure 29. SW and HW components 

configure the complete UI and the interactions with other EB subsystems. 

 

 

Figure 29 - UI interactions with other parts of the EB 

The UI the end-user can access is composed by an output device (any kind of display) and 

an input device (e.g., keypad, touchpad). These devices are controlled by their own sets of 

HW drivers and their corresponding firmware, which is at the end commanded by the 

processor via the appropriate task or daemon (the ―core task processing‖ in Figure 29). The 

information displayed by the UI has several sources: 

– Local data stored in the EB database. The EB database is the physical 

implementation of the logical concept of the Information Data Model. Moreover, 

some procedures in charge of modifying the data stored and the general behaviour 

of the database can be found in the Interfaces Logic module. The data stored in 

such database as it has just described in the different tables in section 4.6, consists 

of: (i) the user settings for the EB itself and for the set of appliances it manages; (ii) 

current data; (iii) historical information coming from the appliances. Moreover, the 

EB database also contains other settings and necessary information transferred to 

the EB by other ADDRESS agents, e.g. the Aggregator. Exceptions to this rule are 

Display / Touchscreen / 

Touchpad / Keypad: UI 

and remote UI 

UI device drivers (SW / HW): device 

and listener daemons, meter, 

aggregator daemon, drivers 

Core task processing: 

Interfaces Logic, 

Optimization Algorithm 

I/O and communication 

subsystem: low level 

drivers 

EB 
Database 

(Information 
Data Model) 



D2.1 - Algorithms for aggregators, customers and for their 

equipment which enables active demand 

V1.0 

Copyright ADDRESS project page 86 of 109 

all those data which are updated continuously, like instantaneous power 

consumption/generation.  

– Inputs coming from the end user. End-user can modify the behaviour and the 

appearance of the UI display. Like any UI system, the one developed for the EB is 

composed of: several screens, a set of transitions, machine states and the 

environment variables which command the EB operations. Depending on the current 

status and the user input, the UI shows different functionality and operation 

alternatives. 

The information exchanged between the EB and the rest of the ADDRESS agents 

interacting with it (Aggregator, appliances, smart plugs and external interfaces) is firstly 

processed and stored in the EB database. In such a way, the EB database becomes the 

main data source for the HMI task or daemon.  

A flow chart describing the behaviour of the UI task (in general terms) is shown in Figure 30. 
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display, if possible). 

Try to enable user input to 
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machine and wait for user input trigger 
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Send appropriate commands and wait 

for answer from the devices 
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devices 
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Figure 30 - Behavior of the UI 
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When the EB is switched on, multiple daemons start their operation once the platform has 

been completely initialized (Linux platforms for the EB are available). The UI is one of the EB 

SW modules to be started.  

First of all, a complete HW setup must be done, by loading driver controllers and references 

as well as environment and state machine variables. If this process is not successfully 

completed, alarms and events should be registered in order to trace the EB operation and to 

give advice to the end user (customers and/or technical operators), which should be done, if 

possible, via the EB display. If the HW setup is successfully completed, a default screen with 

the main options available and few relevant data from the EB should be displayed. The 

information on this main screen could be: date and time, EB identifier, SW version of the 

application, pending alarms and/or warnings (just a notification icon or mark) and an initial 

list of available end-user options. 

Then, the UI daemon enters the normal operation mode, which is briefly described in Figure 

30: 

 The UI task requests the EB database to provide information about data categories 

currently shown on the display. 

 The database replies and the UI task refreshes its display with the last data 

available, in accordance with the current screen displayed. 

 As UI is event-driven, it waits for any asynchronous user input. If the user pushes 

any functional button or any other kind of input element, an event is sent to the UI 

task, which captures it and responds taking into account the following: 

o Which the UI machine state is, the current displayed screen and the current 

functionality of the input element used. 

o Whether the action implies the retrieval of data present in the EB database 

or not. 

o Whether the action implies a request to any household appliance or not. 

 Whether the action implies any data exchange with other ADDRESS agents with 

direct relationship with EB. 

 Finally, the presence of a RESET or OFF button must be taken into account, in 

order to start the procedure of closing and terminating the UI daemon. 

Any of the choices described above can lead the UI to change the display. If the action to be 

accomplished requires gathering data from other devices, the UI task sends a signal to the 

corresponding communication task. Note that the UI task does not gather data coming from 

other devices; it is performed by the Interfaces Logic. 

The UI itself is not capable of directly gather all the information requested by the end-user, if 

this data retrieval implies the activation of several communication procedures. The UI can 

only spot information that is already present in the EB, by means the EB database. 

Information not present in the Information Data Model at the time of the UI request should be 

collected by the Interfaces Logic, triggering the corresponding events to the modules which 

are in charge of controlling the resources attached to the EB.  

Another approach would consist on providing the UI with the last valid piece of information 

requested, even if it can be considered somehow out-of-date. The Information Data Model 

can provide a complete set of information to whatever requesting module, but it will deliver 

the last update of information, which could be slightly different from the one to be nearly 
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collected. When the communication procedure and the update of the database are finished, 

a signal is sent back to the UI task, and then the requested information is collected from the 

DB, processed and spotted in the display. This procedure avoids the update of the DB by 

multiple tasks, and the corresponding clashing in concurrent access for writing DB registers.  

If the data request is not successful, a warning, an event or an alarm is displayed to the 

user. This is not considered as a fatal or critical error of the UI subsystem, which still 

maintains its normal operation. 

Finally, the UI task redirects any alarm or asynchronous event coming from other tasks to 

the EB display, to let the user know about any relevant event or device malfunction. Thus, 

an input signal or a callback function should be added to the task in order to achieve this 

goal. This method should then be used by any other EB needing to reflect its status to the 

end user. 

The display management and the data capture devices are very HW dependant. The 

manufacturers of the EB should develop an additional software layer in order to present the 

SW/HW drivers to the UI task as a consistent and well documented API. This would allow 

the design and implementation of a common UI task which could be deployed in different EB 

developments. 

Something similar can be said about the interface with the EB database. Depending on the 

selected DBMS, some approaches are possible: 

 The use of Inter Process Communication procedures and schemes (e.g., pipes or 

sockets). 

 Many DBMS offer a complete API library with the necessary function calls to write 

and/or read sets of data to/from the database structures. These API functions 

should be added to the EB software in the corresponding modules or tasks. In the 

case of the UI task, read and write functions are mandatory (SELECT, INSERT, 

UPDATE, SET, GET functions). 

 

4.7.2 Display description 

4.7.2.1 Actors’ identification 

UI functionalities are described by means of the action of the following actors: end user, 

technical operator, Aggregator and appliance operator. Such description can be used to 

present the actions needed to set up the EB and to characterize the EB behaviour. Table 19 

synthetically shows some of the features of the actors. 

 

Actor Description Level of knowledge 

about the system 

Accessibility Frequency 

of use 

end user The consumer, directly 

interested in the EB behaviour 

in his premises. Using the 

display user interface, he shall 

be able: 

 to know what is going on 

in his home in term of 

(medium or low) 

He must not be an 

expert on power 

consumption, on 

appliances behaviour, 

but he needs to be 

involved in EB 

 

free access 

to the 

interface 

global menu 

 

regular and 

quite often, 

example 

some few 

times per 

week 
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electricity consumption, in 

real time  

 to be informed about AD 

on-going incentives  

 to see  himself what are 

the benefits that the EB 

decisions bring to him 

 to understand and modify 

easily the EB control on 

his appliances 

 to simply adjust some 

changes on his appliances 

infrastructure. 

 to tune general settings on 

his own way 

decision following 

Aggregator incentives. 

=>information 

displayed to the end-

user must be clear and  

synthetic, to help him 

to deal with incentive 

signals, to keep the 

final decision about 

appliances operation, 

to check that the 

appliances infra-

structure configured in 

the EB matches with 

the physical/real one. 

technical 

operator 

The actor who is in charge of 

the deployment of the EB 

inside the end user home, and 

responsible for  ensuring EB 

technical functioning. 

Using the display, he‘s able:  

 to configure access rights  

for connection with the 

external entities, the 

Aggregator system 

 to check the connection 

between meter and the 

EB, and to configure it;  

 to define advanced 

general settings like date-

time… 

 to check and reset status 

word of the EB and 

internal alarms in case of 

malfunctioning 

 to launch partially or 

completely software 

update 

Hence, he is the person who 

performs the install/uninstall 

hardware process and update 

locally EB software. 

(Good) 

Knowledge about 

metering and 

consumption, about 

EB communication,  

=>information 

displayed to the 

technical maintenance 

operator must be 

complete and fast, in 

order to give him a 

good idea about the 

state of the system, 

the possible defaults 

to fix 

 

authenticated 

access to 

maintenance 

menu 

 

Aggregator  Supposed to be the same as 

the technical maintenance 
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operator 

appliance 

operator 

When adding a new appliance    

Table 14 - Actor identification and features 

 

4.7.2.2 Use Cases 

After the actors are defined, a brief description of several use cases is provided considering 

the actions allowed to each actor. 

 

End User 

The main use cases for the end user actor are described Table 15 and Figure 31. 

 

use case First actor / others 

actors  (if potentially 

involved) 

Messages send/received by the actor 

EB state overview end user / Aggregator, 

meter 

received: actual consumption, other sensors 

data  

received: savings & benefits reports ; AD 

incentives 

General settings end user send: general preferences 

Manage appliances 

infrastructure 

end user / appliances send: add/remove/complete/group‘ appliances 

Received: auto-managed infrastructure report 

Parameter AD 

preferences 

end user / appliance send: AD permanent rules; override command 

Received: appliance status… 

Table 15 - End-user main use cases 
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Figure 31 - End-user use cases 
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Technical operator 

The main use cases for the technical operator are described in Table 16 and Figure 32. 

 

use case First actor / others 

Actors  (if exists) 

Messages send/received by the actor 

Diagnostics technical operator / end-

user / Aggregator 

received: technical and operational status 

of EB, alarms  

Software update technical operator send: update version of software 

Configuration technical operator send: communication, DER infrastructure, 

DER management, ,.. 

Installation technical operator / 

Aggregator 

Send: - 

Received:  Alert configuration, Aggregator 

register signal 

Uninstallation technical operator / 

Aggregator 

Send: unregister command 

Table 16 - Technical operator main use cases 

 

 

Figure 32 - Technical operator use cases 
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4.7.3 Displayed Data 

Here the data to be displayed are described in details. The displayed information is: 

General, AD, DER data and infrastructure, Comfort Level, Diagnostic and Advanced general 

setting. 

 

4.7.3.1 General information 

Among General information there are  

 permanent data - Displayed by default screen like current data-time, format chosen 

by end user, Name of Aggregator, Customer ID, EB software version, currently 

Power Produced and Consumed, (W/Wh), indoor and outdoor temperatures, 

number of appliances running in override mode. 

 general setting screen - This is internal data that can be tuned according to the 

end user wishes, such as format for date-time and for temperatures, the preferred 

language and currency and the way to be informed about EB alarms. It is possible 

to reset the default settings values. 

 EB alerts - Coloured signs or icons that appear only in particular condition or 

operation of the EB; for example when the consumed power exceeds subscribed 

power, during an AD request (with additional information such as the actual benefit 

of the EB decision to the request, and the maximum benefit the AD request can 

generate; also, with a link to ongoing AD signals details), at the detection of a new 

appliance (until the end-user defines some management rule for the appliance) with 

the possibility of navigating in the list of these appliances. 

EB alarms are icons that appear in the case some devices fail or malfunction (such 

as loss of communication with meter / Aggregator / appliances), or EB HW/SW 

failure. The alarm icon appears with a buzz signal until the end user acknowledges 

and stops it; the icon has a link that allows navigating directly to the alarm status. 

 

4.7.3.2 AD information 

The AD information regards the AD signals sent by the Aggregator. It is divided in present 

and past AD requests. The present AD requests allow the end-user to take a decision on 

how the EB optimizes the DER management, considering the power consumption ranges 

and their associated incentive or penalty, while the past ones are displayed as a result of EB 

decisions. The displayed information is: 

 on-going AD signals - The screen, or sub-screen, shows information received from 

the Aggregator, like AD ID, AD activation date-time, AD duration and AD volume 

and price signal table. Moreover, saving expectations in terms of power and amount 

of money are displayed after EB internal processes, and lost saving are displayed 

when some appliance is run in override mode, also showing that the more 

controllable the appliances, the higher the benefits. 

 energy savings and economical benefits reports - For a period of time (daily, 



D2.1 - Algorithms for aggregators, customers and for their 

equipment which enables active demand 

V1.0 

Copyright ADDRESS project page 95 of 109 

weekly or monthly)  that the end user chooses, the S&B report screen shows the 

number of AD requests the Aggregator has sent to the EB and, the its total duration. 

Furthermore, it gives an assessment of energy and the amount of money saved due 

to the EB decision towards these AD requests. Moreover if Aggregator dispatches 

information about the energy origins Carbon footprint savings are displayed. 

4.7.3.3 DER data and infrastructure 

The parameters that characterize a DER from the EB point of view are displayed. Also, how 

the DER infrastructures are configured in the end-user premises is displayed.  

 DER data - All or part of a single DER data is used in DER infrastructure 

management screen when adding/removing appliance, in DER editing screen  when 

completing information about registered appliance, and in AD preferences screen 

when selecting DER in order to put it in un-scheduled mode. The data of a single 

DER can be divided into 3 groups depending on the their life-time: (i) permanent 

data, that are used for identifying and characterising the DER, (ii) state data, that 

change depending on the current operation of the DER, and (iii) additional 

information set by the end-user at the installation of the appliance and supposed to 

be constant afterwards. 

The DERs handled by the EB must be easily identified by the end-user, and their 

main characteristics displayed in the appropriate screens. In addition to their unique 

serial number, manufacturer and model labels help to identify the DER. A DER is 

characterized by a type and a sub-type, which supply relevant information about the 

expected behaviour; such information may be selectively displayed in several 

screens by using appropriate filters. The status of the DER gives information about 

its current operation. 

In the case of smart plugs, with integrated power measurement, data are less than 

the one of a smart DER, and there are indicators that the DER is a smart plug. 

 DER infrastructure - Tuning EB management rules for the controllable DER is a 

tricky task; so it is deemed better to define the rule for each comfort level, and then 

to associate appliances to each of them. Therefore, in the edit appliance screen the 

end-user associates the most suitable comfort rule to each appliance choosing 

among the comfort levels set in the AD preference rule screen. 

 

4.7.3.4 Comfort levels  

In EB, comfort levels are at least 3: Top, Medium and Low (in the implementation of the 

optimization model 5 levels are allowed). The end-user can create other comfort levels and 

attach rules onto them. Comfort levels are identified by unique names, a list of fixed 

capabilities and a timetable. The rules are specified by the three attributes: switch, postpone, 

restrained service rate. Hereafter attributes are specified and used to define comfort levels. 

 

Attributes 

It has to be recalled that generally, the flexibility an appliance offers can be summarized by 

three terms: ―curtailable‖, ―shiftable‖, ―adjustable‖. From a display point of view, these 

flexibility capabilities are proposed to the end-user by the following capabilities:  
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- switch ON/OFF - Even for the basic appliances;  

- postpone - It will be really operational if shifting the appliance operation makes 

sense, for example with appliances working in several phases (washing-machine...) 

- reduce power – Temporarily reduce power consumed by DER, with ―restrained 

service rate‖ approach explained afterwards 

So, for a comfort level, these three capabilities are displayed in the following format: 

- checkbox - For switching from ON to OFF capability  

- duration - For the postpone operation, with ―0‖ to mean banning the postpone 

control. 

- combo-box - To put a level for the restrained service rate delivered by the 

appliance: ―0%‖ means that it should work in full operational mode, ―100 %‖ a strong 

restrained service is conceivable, some other fixed % allows to refine the restrained 

service.  

Some explanation with examples for the concept of restrained service rate, as follows: 

For appliances aimed at home heating or cooling, a restrained service rate can be 

understood by a low or high deviation of the targeted temperature. If the temperature set 

point is 19°C in a room, and restrained service rate is set to 0%, the heater system must 

work to reach set point, but if a service rate of 50 % or 100% is accepted, deviation of 

temperature set point of 1.5 °C or 3 °C is allowed for a limited duration.  

For loads with thermal inertia like freezers, restrained service rate allows to reduce or cut the 

power for a duration directly dependent on the level of restrained service (for example 

restrained service to 50%=> capability to reduce or cut power during 1hour), and always 

respecting the maximal bounds set  by the manufacturer recommendation. 

So, the restrained service rate permits the end-user to correlate the level of acceptance and 

reducing power consumption on various appliances by the same interface. In any case, the 

way the EB really controls the appliances with respect to their level of acceptance depends 

on the type of appliance it deals with. 

 

The 3 basics comfort level rules 

The three basic comfort levels always available are ―Top Comfort Level‖, ―Medium Comfort 

Level‖, and ―Low Comfort Level‖ (see next Table 17). For these levels, the characteristics 

settings cannot be replaced. (maybe the technical operator should adjust the medium one). 

 

* also bounded by the recommendation of appliance manufacturer  

Table 17 - Comfort levels 

Level Comfort 

settings 

Switch ON/OFF Postpone duration Restrained service 

rate 

Top  Unchecked 0 None 

Medium Unchecked 60 minutes max* To 50% (medium 

annoyance) 

Low Checked Unlimited* To100% (high 

annoyance) 
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Top Comfort level groups all the appliances that EB never controls but keeps on monitoring, 

like medical appliances. Maximum comfort is always respected. Medium Comfort level 

groups all the appliances that EB can control in a limited way. Low Comfort level groups all 

the appliances that EB can control without any end-user restrictions (but manufacturer 

restrictions still apply). 

Note that the EB UI introduces a single parameter to control both schedule desirability 

(which was referred to as 'postpone duration') and service rate, whereas the optimization 

algorithm gives the possibility of independently setting the two parameters. 

 

Minimum comfort level recommended by manufacturer 

Each smart appliance can give his Minimum Comfort level settings, which are presented in 

the DER edit screen. Modifying the values is impossible; the appliance must be associated 

to this comfort level or to a default/customized level that fulfils manufacturer 

recommendation. 

 

Override parameters 

End-user can lock one appliance or a group of appliances in the ―override mode‖, for a 

limited time. In the override control screen, all the appliances named are displayed. Multiple 

selections are allowed; a proposal of the duration of the override mode is displayed with 

value:  1, 2, 6, 12, 24 hours. 

Selecting a comfort level rule is a way to select all the appliances associated to this comfort 

level in only one step. Once the override mode is confirmed, override status of each 

appliances selected is refreshed while the appliance has already been in override mode 

(local or remotely). 

 

4.7.3.5 Diagnostics information 

Technical operator checks and analyses the technical monitoring data in the EB. This data 

gives adequate information to fix most of the problems. 

 

Status word 

Status word summarizes all conceivable cases of EB malfunctioning. In one look, operator 

checks the comprehensive status word. 

The different malfunctioning cases handled are: 

- DERs communication 

- meter communication 

- external communication (with Aggregator) 

- self backup failure 

- memory malfunctioning 

- low battery 

- software watchdog 

- hardware watchdog 
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Alarms details for EB troubles 

The above malfunctioning is the minimum list, but extra alarms are possible. 

 

Event log details 

Traceability of the last (how many to define) events occurred is available, with a unique code 

for the event, a timestamp, and eventually some additional notes (origin or reason, past and 

new values…). The log event does not restrict to malfunctioning alarms but to all operational 

or functional modification on the EB: 

- change in DER infrastructure, 

- software upgrade 

- date-time change 

- AD incentives received and completed, with additional information to trace the 

benefits earned (power and prices) 

 

4.7.3.6 Advanced general settings 

Communication settings 

Settings that involves the communication characteristics of the EB: 

- status of each embedded communication; 

- name of protocol; 

- baud rate; 

- encryption keys. 

The above are detailed in sub-menus for meter communication, appliances communication, 

Aggregator communication. 

 

System settings 

Settings that define the internal and low level system behaviour as well as the characteristics 

of the EB are reported in Table 18. 
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System parameter Meaning Format Access 

System Date-time Free information given 

by user 

Selected in end-

user preferences 

Read-Write, Auto-

synchronization from 

Aggregator 

Software version Present version of the 

global software 

Vx.x.xx Read only 

Software optimisation 

version 

   

Software forecast 

version 

   

Battery Lifetime assessed duration of 

the battery 

 Read only 

Logging enabled Log event is listening 

or not 

Boolean, true if 

enabled 

Read-Write 

EB alarms threshold Level to catch some 

EB troubles 

To define in the 

screen  

Read-Write 

Identifier The worldwide unique 

identifier of the EB 

Not yet defined Read 

Table 18 - System settings 

 

Advanced functional settings 

Settings that affect the functional system behaviour and characteristics of the EB (but not the 

end-user preferences) are reported in Table 19:  

 

System parameter Meaning Format Access 

 Subscribed power Power that end-user 

subscribed from the 

DSO 

W Read-Write, or given by 

official meter 

communication if 

possible 

Period for 

discovering new 

devices 

Set the frequency 

where EB sends 

discovery command 

0 means no discover 

polling 

In minutes Read-Write 

Medium Comfort 

Level 

Definition for this 

comfort level 

As described in 

the section 

before 

Read-Write, cannot be 

straighter than Top level 

and larger than Low level 

Secure hooking    
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Consumer ID   Read-write, from 

Aggregator 

Table 19 - Advanced functional settings 

 

 

4.7.4 Actions offered 

Here, actions proposed by the display user interface, their consequences and eventually 

exceptions raised are presented in details. 

 

4.7.4.1 Modification in DER infrastructure of the premises 

At first, it is assumed that the smart appliances and smart plugs are designed with ―plug-

and-play‖ capabilities, and that the EB regularly sends discovery commands to find new 

appliances. So, using the display user interface is not a regular way to update DERs 

infrastructure for the EB database management. Instead it is an alternative way useful to 

force or speed up the process in some cases (in case plug-and-play failed for any reason, or 

if next polling is not immediate). 

Also, smart appliances and smart plug are assumed to hold unique worldwide serial 

numbers that the end-user catches easily in order to manually register them in the EB 

database. 

 

Adding an appliance 

Here, display proposes to start a new discovery process. 

- Pre-Condition - None 

- Process - o Once the discover command is sent,  new appliances respond. For 

each DER response, EB checks if it is in the right premises and registers it (Register 

DER), then test again the connection and gather the DER/appliance data, saves it 

on its DER database, refreshes the list of unregistered DER and continues until list 

is empty. The activity diagram in Figure 33 illustrates this behaviour from the EB. 
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Figure 33 - Discover (general activity process) 

 

- Alternative - End-user enters the serial number of the appliance to add (by User 

Interface) and EB starts at the Register DER activity (manually registered DER 

control and the end of discover process above) with the specified DER (see Figure 

34). 

 

 

Figure 34 - Manually register DER 

During all register operation, a dialog or waiting symbol invites the end-user to wait 

until the operations are completed. 

- Post-condition - DER is added on the EB database; new DER management 

calculation is launched. 

- Exception - In case of DER manually registered, EB raises an exception message 
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to the end-user if it fails to connect it. 

 

Every time a smart plug is discovered, a message is displayed requesting the operator to 

check that no smart appliance is attached to the plug. This is to prevent a smart appliance 

being attached to a smart plug. 

At the end, the display shows a recapitulative list of newly registered DERs, with their serial 

number and the general data about them it gathers (brand, model, type). 

A direct link to the edit screen allows end-user to set the comfort preferences for the new 

appliances. Regardless of the way they are registered, while appliances without comfort 

preferences remain in the EB database an alert icon should be displayed on the default 

screen to indicate it. 

 

Removing an appliance 

The display interface offers the possibility to unregister a DER which is already out of the 

home infrastructure so the DER database of the EB management is updated on time, and 

the next forecast and optimization processes will match the real infrastructure. 

- Pre-condition - The DER is unplugged. 

- Process - End-user selects the DER to be removed and confirm the action, then the 

EB checks if the smart DER or smart plug replies to connection tests. In the case of 

smart plug, if response is received, EB checks the actual consumption. 

- Post-condition - A smart DER or a smart plug that does not respond is removed 

from the EB database. A smart plug that still responds but without significant power 

consumption is removed from the list of controllable loads but still remains in DER 

infrastructure database. 

- Exception - Smart appliance responds, or smart plug gives a normal consumption. 

 

Gathering appliance information 

After the registration, the EB automatically communicates with the appliance in order to 

capture the most important data such as its consumption patterns and default comfort level. 

However, end-user should enter some additional information helpful for refining the 

appliance consumption‘s forecast, and should associate it to the most suitable comfort level 

according to personal wishes. The edit DER screen executes this. If the end-user skips this 

task, the new appliance keeps his default comfort settings, and DER management decision 

is computed again with the new DER architecture. 

 

4.7.4.2 DER management rule 

The EB display interface is the more appropriate gateway to define end-user comfort 

preferences. Any change on a comfort rule may potentially cause issuing a message to the 

appliance falling under it. 

 

Updating the comfort rules 

From the DER point of view, updating an existing comfort rule or replacing the comfort level 
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associated to a specified DER causes the same effect:  the EB possibly needs to new 

optimal solutions and to send new command to DERs. So, both end-user actions (updating 

or replacing comfort level) can be summarize in the same process. 

- Pre-condition - None 

- Process - End-user changes the definition of comfort level and/or the association 

table between comfort levels and DERs. The EB computes new consumption 

forecast for DERs involved in previous updating, and computes new optimal 

solutions. 

- Alternative - With an AD on-going, the EB refreshes the expected savings on 

default screen. 

- Post-condition - Comfort Level associated to DER is not more restrictive than the 

minimal default one of the DER 

- Exception - None. 

 

Un-scheduled mode 

Using the display, the end-user sets one or more appliances in the override mode, for a 

selected duration, so EB needs to update his DER management again. 

- Pre-Condition - DER not yet in override mode 

- Process - end-user selects a DER to be set in override mode and selects the 

duration of the override mode, EB sends the override message to the DER, 

computes new consumption forecast for DERs involved in previous selection, 

computes new optimization management, and negotiates new management with 

other DERs if needed. 

- Alternative - With an AD on-going, the EB refreshes the expected savings on 

default screen 

- Post-condition - Comfort level associated to DER is not straight then the minimal 

default one of the DER 

- Exception - None. 

 

Launch the DER management process by end-user 

The end-user keeps the capability to launch the calculation of the optimization of the DER 

management at any time.  

 

- Pre-Condition - None 

- Process - The end-user opens the DER management screen, possibly updates the 

list of appliances in override mode, if necessary changes the comfort level 

preferences, and explicitly launches the optimizing process. 

- Alternative - None 

- Post-condition - A new DER management schedule is computed; change neither in 

comfort level preferences not in the list of appliances in override mode;  

- Exception - None  

 



D2.1 - Algorithms for aggregators, customers and for their 

equipment which enables active demand 

V1.0 

Copyright ADDRESS project page 104 of 109 

4.7.4.3 Software update 

Using the display interface, technical operator is able to download global or partial software 

updates.  

 

Global software updating 

Here the description follows of the software update, for  a global update.  

- Pre-Condition- None 

- Process - In the software update screen, operator clicks the ―Complete update‖ 

command; during the updating, a special screen is displayed with progress of the 

status of the download. Once the download has finished, the EB starts again with 

updated software, a collection of auto-test validation are launched and results are 

displayed. 

- Alternative - None 

- Post-condition - The EB reboots with the new version of fully operational software, 

while the EB Database (DER infrastructure, AD preferences, settings) remains 

unchanged. All internal processes start again (forecast, optimization processes...) as 

it is necessary to compute them again. 

- Exception - There are two exceptions: 

1. Download error: alarm screen summarizes the problem and offers to redo 

either the download or to cancel the update. EB does not reboot; 

2. Download successful, but error occurred while booting the new version.  

 

Partial software updating 

Here the description follows of the update of a specific software component 

- Pre-Condition - None 

- Process: In the software update screen, the operator selects the component to 

update in a list, and clicks the ―Partial update‖ command. During the updating, a 

screen displays the progress of the download. Once the download has finished, 

component process is stopped, and auto-test validation relevant to the component 

are launched and results are displayed. 

- Alternative - None 

- Post-condition - EB reboot with new version fully operational software, all the EB 

functional Database (DER .infrastructure, AD preferences, Settings) remains 

unchanged. The component process is stopped and started again. 

- Exception - Two exceptions are considered: 

1. Error during download (like checksum error), alarm screen summarizes the 

problem and offers to either redo the download or cancel update;  

2. Download successful, but an error occurred while booting the new version.  

 

4.7.4.4 Fix alarm troubles 

Alarms are raised by the EB to inform the operator and the Aggregator about malfunctioning 

and failure of the internal system. Fixing the troubles can involve hardware maintenance 
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operation (e.g. for replacing an old battery for example) as well as a software update (to fix 

some bugs) or more lightly some changes in the advanced settings (for example to refine 

some communication settings). The above needs an action that only the Aggregator and/or 

the operator can appreciate. 

 

Reset status word 

It may happen that the EB could not quickly self-detect that the system has come back in 

operation, so operator should help it to go back in the right state. So, operator is able to 

reset (partially or completely) the status word. After that, alarms are not anymore displayed 

on the default screen until a new fail condition is detected… 
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5 Conclusions 

The document illustrates the development of a software toolbox for the Aggregator of AD 

products and of the software of the EB. 

Existing methods were first analysed with literature reviews. Algorithms needed for the 

Aggregator Toolbox were then designed, implemented and described in detail in this 

document. These include algorithms for forecasting the loads and their responses, for 

forecasting the electricity market prices and volatilities, and for optimisation and scheduling 

of DER.  

The management of portfolios of contracts was analysed without implementing neither tools 

nor algorithms. Billing and settlement tools were not developed either. Algorithms for the 

operative time horizon were implemented and integrated into a software toolbox for the 

Aggregator. Long-term operational nor business management algorithms were not 

implemented. The following main observations can be made: 

- If possible, the control signals and tariffs should be designed so that the optimisation 

problem can be formulated in a way that enables computational efficiency and good 

predictability of responses. Different control signals would have allowed more 

clusters and longer time horizons for storage type loads. 

- The tools and algorithms developed can be applied also with other types of control 

signals. 

The overall processes that the integrated toolbox will be able to perform. The first action of 

an Aggregator will be to recruit consumers. While it is done the consumers will be put into 

groups or prototypes by the consumer segmentation module. This segmentation will help the 

Aggregator to establish more accurate forecasts of his consumers' consumption and 

flexibility. 

The second action is to find out where, to whom and how to sell his AD-products. This 

toolbox will allow for the Aggregator to forecast the day-ahead and intra-day markets 

behaviours. For those two markets, the market specifications (gate closure, possible bid 

volumes...) have to be entered manually by the Aggregator at first and will be automated to 

repeat themselves every day. Other markets can be handled as well, the difference being 

that the Aggregator will have to make his own forecasts and decisions outside of the toolbox.  

These two first actions are preparations to the day-to-day operations. In a normal day 

operation, the Aggregator will start by preparing bids for the day-ahead market. He will 

forecast the market prices for the next day and, based on this and on his own knowledge, he 

will pick a set of possible signals to send to consumers. He will then forecast their basic 

consumption and their possible reactions to signals, as well as the costs associated with 

those reactions. The Aggregator now will form his bids on the day-ahead market. It should 

be noted that the Aggregator could at that point in time have some flexibility capacity booked 

for the purpose of providing a CRP service or simply to keep some for another upcoming 

market. 

At some point in time, the Aggregator will take the total flexibility promised to the different 

actors or markets and he will compute the signals to be sent to the consumers. The 

consumers will react and the service will be assessed and verified by metering agents. If he 

has enough information about the consumer sets' behaviour the Aggregator can update his 
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consumption and flexibility forecasts. 

These are the processes that are explicitly considered in the Aggregator toolbox. Aspects 

pertaining to the business case however are not automated in the toolbox. The operator who 

will have to select what types of consumers he recruits, which markets he will act on, which 

bilateral contracts he will sign, etc. Also the financial transactions are not included in the 

toolbox. The Aggregator will have to set up a separate system for billing and rewarding the 

different actors. 

The Aggregator needs the above mentioned tools also when assessing and developing its 

portfolio of contracts taking into account cost, benefits, sensitivities and risks. 

On the other hand, the Energy Box software (the gateway between consumer and 

Aggregator) has been designed during these tasks. The different classes, messages, 

relationships,…have been defined and created for the management of the loads inside the 

house. 

The different modules defining the Energy Box will take into account all the premises 

requested by the users and also the external and internal signals received. A coordination of 

load, generation and storage at consumer facilities is required to optimise its aggregated 

profile according to consumers‘ objectives and information received by the Aggregator (price 

and volume signals).  

These modules may be considered independent processes in the sense that very often they 

run in their own threads, there is a module for every interface implemented in the Energy 

Box. Each module will alert another entity whenever something happens on the 

corresponding interface. 

The objective function that will manage the Energy Box behaviour will take into account the 

three objectives aimed to the end-user: 

1. Minimizing overall costs (money paid for energy). 

2. Maximize satisfaction of certain scheduling preferences, in terms of when or within 

what time should the various appliances be run. 

3. Maximize environmental comfort, specifically meant as the comfort related to the 

internal temperature in the house.  

Consumer will be able to specify the relative weight he/she wishes to give to money saving, 

schedule desirability and comfort by the three parameters αi. (weighing them by means of 

three nonnegative parameters α1, α2 and α3 summing up to 1). 

Three are the external interfaces that will communicate with the Energy Box in order to send 

additional information that will be used for the schedule of the different loads in the 

dwellings. Type of data and periodicity will depend on the external interface. 

Users will be able to interact with their loads through the Human Machine Interface. This 

HMI module defines all the actions the end-user is able to perform on the system. According 

to our architecture, the end-user cannot wield a direct or complete control over all devices 

connected to the system, but extra interfaces are required to communicate directly with 

appliances. 

The interactions between Energy Box (through the HMI) and users are: 

- Concerning to the setting of the user preferences: the information associated to such 

preferences will be stored in the internal information data model, such as desired 

comfort level or the level of interaction the end-user wants to keep.  
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- Regarding the device settings: the involved elements are the device interfaces, the 

internal information data model that describes the status of all manageable devices 

and the optimization module. In this case the EB receives from manageable devices 

the override signals due to a request of the end-user. In addition, the Energy Box 

may also receive an override signal directly from the end-user, asking for a re-

scheduling of the devices.  
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