
CIRED Workshop  -  Rome, 11-12 June 2014 

Paper 0387 
 

 

Paper No  ###     Page 1 / 5 

ADDRESS: Key technical, societal, economic factors to enable Active Demand  
 

                Lombardi Marina  Stella Di Carlo Carlos Madina 

      Enel Distribuzione, Italy Enel Distribuzione, Italy Tecnalia, Spain 

         marina.lombardi@enel.com  stella.dicarlo@enel.com   carlos.madina@tecnalia.com  

 

               Roberto Gonzalez                                 Regine Belhomme                                         Pedro Linares 

 Iberdrola, Spain EDF-SA, France Comillas, Spain 

 rgonzalezsm@iberdrola.es                         regine.belhomme@edf.fr                     pedro.linares@upcomillas.com  

 

             Pierluigi Mancarella Sarah Mander 

  Uniman, UK Uniman, UK 

 p.mancarella@manchester.ac.uk  S.Mander@manchester.ac.uk 

 

ABSTRACT 

ADDRESS is a large scale research project co-funded 

by the European Community's Seventh Framework 

Programme for the "Development of Interactive energy 

networks". It is aimed at developing technical and 

commercial solutions for the active participation of 

domestic and small commercial consumers in energy 

markets, that is the so called active demand and to 

exploit its benefits. The project started in June 2008 and 

lasted 5 years aiming to answer for the growing need for 

flexibility in the electricity  system to face the 

challenges related to the integration of renewable and 

new needs of customers’. 

To this end, technical solutions at the consumer’s 

premises and at the electricity system level have been 

developed and recommendations and solutions to 

remove possible barriers against the active participation 

of consumers have been proposed. 

The potential benefits for the different electricity system 

participants were identified and appropriate markets 

mechanisms and contractual structures were proposed to 

integrate the new scenarios. Accompanying measures to 

deal with societal, cultural, behavioral aspects were 

studied.  

The proposed solutions were also implemented in 

prototypes that were first tested in laboratories and then 

installed in three complementary test sites where the 

outcomes of the project have been validated (Italy, 

Spain and France), involving about 300 consumers in 

France and Spain.  

Lessons learned on field during the ADDRESS project 

reveal that Active Demand can represent a key source of 

flexibility and bring a number of technical/economic 

and environmental system benefits, but the degree of its 

adoption will be largely influenced by the relevant costs 

and benefits that accrue to each agent in the electricity 

system value chain. Benefits will be different at the 

system or stakeholder level, and will also depend on the 

system configuration and regulation. 

Interviews with participants gave further interesting 

insight into active demand: many of them expressed 

their interest in the proposed technology, aspects of 

which they did not find intrusive and would consider 

adopting an ADDRESS life style in their future.  

In this paper the main technical, societal and economic 

results of the ADDRESS project are presented together 

with recommendations to remove possible barriers to 

the large scale deploying of Active Demand (AD). 

Further investigation on ADDRESS results and lessons 

learnt is being carried out, in particular within 

ADVANCED (Active Demand Value ANd Consumers 

Experiences Discovery), a research project co-funded 

by the European Community’s Seventh Framework 

Programme (FP7/2007-2013) under grant agreement n° 

308923, that aims to shed light on ways to overcome the 

barriers hindering the mass deployment of Active 

Demand in Europe.  

Introduction 

Reaching the objectives and exploiting the results of the 

ADDRESS project can help the European Smart Grids 

Technology Platform vision to become a reality: a 

network that is more flexible, reliable, accessible and 

economic. In particular the ADDRESS project 

developed a comprehensive technical and commercial 

architecture to enable Active Demand at small 

commercial and domestic consumers, exploit the 

benefits of Active Demand with supporting activities 

and validate the architecture through 3 complementary 

test sites in three European countries with different 

network topologies and social and cultural backgrounds.  

Architecture and Main Concept 

Figure 1 shows the ADDRESS scope. It illustrates the 

participants and the main components, and how they 

interact. In this architecture, the aggregation function is 

a central concept in ADDRESS Architecture. It is a key 

mediators between the consumers on one side and the 

markets and the other electricity system participants on 

the other side: it collects the requests and signals for 

AD-based services coming from the markets and the 

different power system participants. They gather the 

“flexibilities” and the contributions provided by 

consumers to form AD-based products that they offer to 

the different electricity system participants through 

various markets. 

It should be emphasized that an aggregation function 

sells a deviation from the forecasted level of demand, 
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and not a specific level of demand. In the ADDRESS 

architecture, all the power system participants are 

considered with respect to the services provided by AD, 

but particular attention is paid to the aggregation 

function, the consumers and the Distribution System 

Operator (DSO), which are the subjects of detailed 

studies.  

At the consumer level, the Energy Box is the interface 

between the consumer and the aggregation function. It 

carries out the optimisation and the control of the loads 

and local distributed energy resources at the consumer’s 

premises.  

The Distribution System Operators (DSOs) also play an 

important role because AD in ADDRESS concerns 

consumers connected to distribution networks. They 

have to continue to ensure secure and efficient network 

operation with AD in place and may also exploit AD for 

distribution grid management. 

Figure 1. ADDRESS conceptual architecture 

For all the participants, their needs and expectations 

with respect to active demand are analysed on the basis 

of their functions and stakes and the possible services 

that AD could provide them are identified and 

described. This leads to a large number of different AD 

services, and more specifically: 

- 24 different AD services for the 9 deregulated 

players, 

- 7 different AD services provided to DSOs and 

TSOs. 

These 31 services were standardized and formulated in 

terms of the corresponding Use Cases. This is one of the 

most important result of the project. 

These 31 Use Cases  will be leveraged and standardized 

by:  

M490 SMCG Sustainable Processes working group;  

IEC TC8 AHWG4 coordinating SG Uses cases; 

IEC TC57 : Power system management & information 

exchanges.  

Validation 

The ADDRESS architecture, algorithms and prototype 

developed were tested in three test sites that provided a 

validation of the entire concept. In Italy DSO algorithms 

and prototypes to enable and exploit Active Demand on 

a real and operating MV network and the effect of 

Active Demand visible at MV an HV level were 

validated.  

In Spain the field tests validated the interaction between 

the aggregation function and the EBoxes and how AD 

works within the Home Area Network. Metering and 

appliance equipment (additional meter device, 1 Energy 

Box, 5 Smart Plugs, smart washing machines, 

temperature measurement and a communication 

interface for the control of air conditioning) were 

installed at 263 customers to put under real conditions 

the concepts of ADDRESS at a scale in which tangible 

benefits can be studied.  

In France the complete ADDRESS chain from the DSO 

and the electricity system participants to the control of 

appliances at consumer’s premises was tested on a 

smaller scale, with around 30 consumers (equipped with 

one PC with EBox software, up to 7 smart wall units to 

control the electric radiators and water heater, 5 Smart 

Plugs, a smart washing machine), one MV feeder and 

several LV networks, a PV power plant and a relatively 

high penetration of Active Demand.  

In Spain and France different climate conditions (warm 

in Spain, cold in France) ensured different equipment 

(e.g. air conditioning in Spain, electric heating in 

France) and usage patterns. 

Technical main results 

The use of Active Demand at home is focused on the 

relationship between Aggregation function/EBox/Smart 

Plugs/loads.  

The equipment installed in all the houses allowed the 

analysis of the technical solution implemented and of 

the acceptance or rejection of Active Demand by 

consumers.  

Six scenarios have been defined to test all the 

functionalities of the Spanish Field Test: 

1. Functionality of the aggregation toolbox (ATB), 

2. Functionality of the EBox; 

3. Functionality of the smart plugs and smart load; 

4. Global analysis; 

5. Consumers’ behavior according to different 

incentives; 

6. Consumers’ behavior according to duration of the 

signal. 

Some technical highlights comes from the Spanish field 

test such as the communications are the most significant 

issue to perform the test, communication issues between 

ATB and EBox, and between Ebox and appliances are a 

barrier for analyzing the information to tune the system; 

AD signals for reducing the demand are managed better 

than signals for increasing the demand; maximum 
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achieved flexibility around the noon; consumers are 

afraid of the possibility to have some appliances 

interrupted such as fridge and freeze; power profile 

taken from the smart metering system is a big help to 

run the tests.  

Tests carried out in France consisted of: 

1) Assess technical feasibility and performance of the 

components of the ADDRESS chain individually and 

as a whole; 

2) Provision of services by AD, and particular test of: 

– How AD can meet the needs of the electricity 

system players  

– DSO technical validation  

– Impact on the distribution grid  

3) Simulated market interaction of aggregation entities 

and other electricity system players; 

4) Assess consumers’ commitment in the field tests and 

acceptability with respect to AD and project concepts; 

A lot of issues were met and solved for a large part. The 

results obtained have shown that: 
•   The whole ADDRESS chain has been validated and 

the provision of services by AD is technically feasible.  
• Improvements are needed before a possible 

deployment in particular in terms of communication and 

robustness of the equipment.  

Regarding the DSO system tested in Italy, the field tests 

performed had the aim to: 

-  See the effects of AD products at MV/HV level; 

- Evaluate the behavior of DSO algorithms in an 

operating Distribution Control Centre; 

-  Estimate the load area and flexibility table algorithms 

reliability and variability under real network conditions;   

- Assess the Validation process and reliability of the 

forecast tools; 

- Verify if AD is exploitable for network problems 

solving. 

In a more general way the results from the 3 field tests 

show that with Active Demand the electricity 

consumption flexibilities of domestic and small 

commercial consumers, including the flexibilities of 

micro-generation and storage that may be present at 

their premises, can be made available on the electricity 

market. The behavior of consumers, who can be at the 

same time producers, can be different from expected 

and the providers of AD products could be concentrated 

in such a way to determine network violations. 

Although limited (by the necessary budget and resource 

limitations in the project) the field test results showed 

that some DSO and TSO needs can indeed be satisfied 

by AD products. The DSO algorithms and prototypes 

developed within the ADDRESS project let to enable 

and exploit AD products visible at LV, MV and HV 

levels. The services provided by SOs to AD market in 

terms of generation of location information, technical 

validation, provision of metering information, guarantee 

transparency and non discriminatory access to all 

involved actors. 

Societal main results 

Sociological studies were performed and pre and post-

field test interviews were analyzed both for France and 

Spain.   

In the pre-trial questionnaire, respondents were asked 

how easy or difficult they expected living with 

ADDRESS to be, as well as how programming the 

EBox and using the different technologies of 

ADDRESS, such as the smart plugs, would be. For 

those respondents who had completed both (pre-trial 

and post-trial) questionnaires (37 in Spain and 9 in 

France) these results were then compared to their 

perceptions of the technology after they had lived with 

it for a period of time.  

In Spain, in terms of living with ADDRESS, there was 

no significant change in perceptions, with respondents 

reporting similar levels of ease. 33% of respondents 

expected that it would be fairly easy and 28% expected 

it to be easy, which is comparable to 39% who found it 

fairly easy and 22% found it easy, registering a slight 

increase.  

However, the experience of respondents differs 

considerably in relation to programming the EBox, 

where mixed responses reflect the different experiences 

people had when using the EBox. Experiences regarding 

using the ADDRESS equipment to manage their 

household electricity consumption only slightly differed 

from expectations with a slightly higher percentages of 

respondents (44%) finding it easy, compared to 33% 

who expected it to be so. 

Motivations for adopting Active Demand go beyond 

financial incentives. Results suggest wider system 

benefits may be important to people. For instance 

participants in the French field test (carried out in two 

islands) have the following 4 main motivations: using a 

new technology (29%), concerns about the environment 

(29%), improving energy security in the islands (21%), 

and finally saving money which represented “only” 

21%. Although in the Spanish field test the majority of 

the participants (68%) were interested in saving money, 

11% expressed interest in ADDRESS as a new 

technology and 8% in protecting the environment and 

energy security (3%), whilst other reasons (7%) were a 

combination of the above factors, where interest in the 

technology and environmental concerns featured 

strongly.  
Respondents from the Spanish field trial to the consider 

adopting an ADDRESS style technology in the future, 

and 13 of the 17 respondents in the French field trial. In 

both field trials, reasons for adopting the technology 

highlighted its potential as a tool to manage electricity 

consumption in the home, with financial benefits for 

consumers, and electricity network benefits. The latter 

was particularly highlighted in the French field test. 

The experiences of participants in the field trials have 

been strongly influenced by the performance of the 

technology and their understanding of the trial and the 
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equipment installed in their homes. This was 

particularly the case for the shiftable loads (e.g. washing 

machine) where the control of conventional appliances 

with smart plugs was an imperfect technical solution.  

In contrast, for many the interruptible loads slotted more 

into household life. EBox control of hot water heaters 

across both field trials was, for most, effective and 

unobtrusive.. Consumers would potentially be in 

interested in a number of AD interfaces, where they 

have the ability to enter a range of parameters, with 

financial savings being the most important of these. An 

override function is an essential component of an AD 

system, and any penalties for using this function must 

be made clear.  

In terms of identifying a typical ADDRESS adopter, the 

results show that looking at demographics alone was not 

sufficient, as there was little variation in the type of 

households willing to consider ADDRESS in the future 

to those who are not willing to consider it. However, the 

time available to the householders to complete their 

household activities, which varies between households, 

was a strong predictor in accepting AD technology. 

Those who were at home during the day, had more time 

to complete and schedule their activities, allowing them 

the space to integrate ADDRESS into their routines and 

schedules. In contrast, those who had a relatively erratic 

schedule were unable to give the technology control 

over their household activities, preferring not to 

consider ADDRESS as a viable energy management 

system for the homes in the future. 

Economic main results 

The degree of adoption of Active Demand (AD) 

programs will be largely influenced by their costs and 

benefits, and more particularly, by the costs and benefits 

that accrue to each agent in the power system.  

Regulations will (or should) be driven mostly by the 

results of social cost-benefit analyses. Here the key 

elements seem to be the long-term investments (of 

which the largest seem to be the communication costs) 

and benefits (regarding mostly avoided investments in 

networks and power plants).  

Distribution System Operators (DSOs), as the parties 

typically responsible for deploying Medium and Low 

Voltage network infrastructure, will be mainly 

concerned by the costs, particularly by those that may 

be more difficult to transfer to consumers, that is, 

communication and control and network automation 

costs.  Aggregators, in turn, will be motivated by the 

business opportunity that appears whenever there are 

significant savings (benefits) to be shared with the 

consumer. In particular, given the structure of most 

electricity markets, the most relevant benefits here will 

be those related to the energy markets (daily, intradaily 

or balancing).  However, for all these costs and benefits 

to take place, the keystone is the consumer. What are 

the key economic factors that may influence the 

adoption of AD programs by consumers? The benefits 

will come basically from changes in the budget devoted 

to electricity consumption, that is, there will be benefits 

if the expense in electricity decreases. The cost, in turn, 

will have two parts. Firstly, the direct cost to be paid by 

the consumers (typically, the adaptation of appliances 

and plugs in their homes). Secondly, the cost that is 

passed-on by DSOs and aggregators in return for the 
infrastructure to be deployed (smart meters, 

telecommunication services, among others).  

At the system level, the benefits assessed have been: 

reduced energy and pollution costs, reduced network 

investments, reduced network losses, and reduced costs 

of balancing. The total figures obtained per country 

analyzed (Belgium, Germany, Spain, Italy) range from 

400 to 2,200 million Euros per year, which amount to 

1.5 – 6.5% of each country’s system typical costs. Of 

these savings, most correspond to a reduction in fuel 

and emission costs, and a much lower share belongs to 

network benefits and savings in balancing. The actual 

numbers vary based on the power system configuration 

in each country and on the scenario of penetration of 

AD. The four scenarios considered differ in the peak 

load reduction and total energy reduction. 

The attribution of the costs and benefits of AD 

programs will depend both on the regulatory context 

and market conditions. The regulatory context may 

determine for example to what extent the savings 

achieved by DSOs or TSOs (Transmission System 

Operators) through AD programs must be passed on to 

consumers. The market conditions can allow for 

example the sharing of benefits between aggregators 

and consumers.  

Two different estimations are presented. A first one, in 

which the total social benefits are divided by the 

number of consumers affected. This should provide an 

indication of the benefits available for sharing between 

the agents. Depending on the country and on the 

scenario considered for the penetration of AD programs, 

we have estimated these total benefits to be between 6 

and 48 Euros per consumer per year.  

The potential for providing the selected AD services in 

the countries analyzed will strongly depend on the 

future evolution of the electricity markets and 

regulation. This way, positive changes in market 

regulation, increased customers’ environmental 

awareness, changes in tariff structures/design and higher 

cost of energy fuels, among others could create the 

conditions needed by aggregators to launch AD 

programs and by consumers to engage in those 

programs.  

However, there are some other “capacity-related” 

services whose potential can already be attractive today. 

In these services, AD helps grid operators, either by 

reducing the allocation of grid use, by providing 

additional resources for balancing the system, or by 

deferring/avoiding network investments. 
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In Spain, the use of AD to reduce the contracted power 

can save an active consumer about 29.5 €/year. If an 

interruptibility service were implemented for small 

consumers as there is for big ones, they could obtain 

additional 24.7 €/year.  

In Belgium, there is no contracted power, but active 

consumers could still obtain about 18 €/year if they 

were allowed to participate in the market for the 

provision of reserve services for tertiary control to the 

TSO.  

In Italy, aggregators may provide the following 

services:  

- Smart load reduction service to the DSO 

-  Smart load reduction as an interruptible load service 

- Voltage regulation and power flow control for the 

DSO  

Annual electricity bill for Italian consumers is about 524 

€, 95 € of which correspond to system costs that could 

be reduced by the provision of these services.  

Therefore, we could envisage that all domestic 

consumers could benefit from a reduction in their 

annual electricity bill, as long as AD markets are 

developed and, as expected, they are more cost efficient 

in providing these services. 

Several interesting possibilities for specific AD services 

can be applicable in the UK scenario. From the analysis, 

it can be concluded that:  

- Although the minimization of DSO interconnection 

costs and investment deferral or avoidance is case 

sensitive, in cases with high capacity charges and fixed 

costs, or networks approaching their operational limits 

and subject to significant demand growth uncertainty, 

AD can provide around 237 and 4740 Euros per year for 

domestic and commercial customers, respectively. 

Another good point of the AD capacity services for 

DSOs is their low frequency, which in the base test case 

and with a 5% AD penetration was only 3.78h per year 

per customer. 

- The value for avoidance of transmission charges is less 

(£4.4 or about 5 € under ADDRESS consistent 

assumptions, £7.5 or about 9 € for domestic and £141-

£145 or about 170 € for commercial) but still reasonably 

attractive, especially given the low number (around 15) 

of calls per year.  

Recommendations and conclusion 

The adoption of the ADDRESS architecture will impact 

the overall power system and its participants, 

particularly the aggregators, customers and system 

operators. In addition, the trade of AD products will 

affect the manner in which power system participants 

interact and energy services are valued, especially by 

customers who will be more actively involved in the 

management of the system and will accrue economic 

and social benefits. The ADDRESS architecture 

involves several costs in exchange for a broad range of 

potential benefits. The costs are mainly related to 

investments in Advanced Metering Infrastructure and 

other bi-directional communication facilities, smart 

meters, and the adaptation of households. The benefits 

can include: reduced energy costs, improved market and 

system performance, lower network losses, reduced 

network investments, emissions reductions, and the 

provision of capacity services.  

This in turn will reduce the aggregated cost of 

electricity production. In this case, although the final 

beneficiary may be the consumer, other players may 

share some of these benefits. These players can be 

compensated for mediating the participation of 

consumers, and for reducing uncertainty and risk by 

aggregating multiple consumers.  

Some recommendations, coming from the results 

achieved so far, to overcome barriers and made Active 

Demand possible are: 

a) For positive consumer engagement with Active 

Demand, the usability of the technology, contracts and 

contextual issues are all important. 

b)  User interfaces must be easy to understand, allowing 

users to input settings and to access the different 

functionalities that the EBox can provide. 

c)  Accessing information about electricity consumption 

was very important to consumers in this respect. 

d) Consumers need support with the installation of 

Active Demand technology to minimize technical 

problems and to facilitate setting the parameters of the 

load control. 

e) The ability to override the system when needed is 

central to acceptance. 

f)  Contracts need to be understandable, transparent and 

should clearly set out the potential financial benefits and 

implications of different actions.  

g) The full range of benefits must be clearly 

communicated to all the players involved to ensure as 

wide a take-up as possible. 

h) SO’s regulation (way of remuneration) has to include 

the fixed costs associated to the services provided to 

enable Active Demand and has to allow DSO/TSO to 

purchase Active Demand products (country specific) in 

order to maximize the existing network usage factor 

integrating RES in a sustainable way. 

i) A strong requirement for the success of Active 

Demand is the simple, robust and efficient 

implementation of standardized and well-proven 

communication in end-customers’ homes. 
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