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EXECUTIVE SUMMARY 

The following report aims to introduce the main me2 specifications, and to describe the requirements 

needed to develop the me2 project. Me2 is a technological platform where the behaviours related to 

energy consumption could be monitored, and also to increase the energy efficiency.  

In order to have a better understanding about the use of that kind of platforms, a brief literature review 

is firstly presented, where some of the main behaviour changing mechanisms practices are 

highlighted. Also, a policy analysis was developed to give an extended overview of the existing market 

structures and barriers, as well as, the technical features that are relevant for the development of a 

venture like me2. 

The report will end with a detailed description of what the me2 user will be like. This information is 

mostly based on the pre-pilot survey and on a cross-cultural analysis between Portugal and the 

Netherlands. This comparison is fundamental for a better understanding about the target community 

used in this project. Concerning to the functional systems requirements, they are also described in this 

report, giving special attention to what is called me2 Logic, that includes the front-end platform, back-

end activities, and the algorithms to user engagement.  

Therefore, this report delivers, in a very detailed way, all the reviewed information and procedures 

needed to be determined prior to the platform’s establishment, and regarding its implementation for 

the project’s first pilot in Lisbon. 

1. Introduction 

Me2 is an online platform, currently under development, created to allow users to control their home 

and electric vehicle (EV) energy consumption, as well as, to increase their energy efficiency. This can 

be a powerful tool for any user, considering its remote real time data access characteristic, thus 

permitting the optimization of energy consumption and contributing to the reduction of energy related 

problems of “smart cities”. In fact, today’s urban areas face new infrastructure-related challenges: 

visible ones, such as congestion and pollution due to transportation, but also invisible challenges as 

the increasing stress on the electric grid and electricity markets, due to fluctuating demand throughout 

the day. 

Two developments have started to mitigate these challenges: the increased entrance of EVs and the 

introduction of smart grids. The former decreases pollution in cities, the latter allows better monitoring 
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and control of electricity demand. However, a special attention is needed in order to solve the 

aforementioned problems. First, large-scale adoption of EVs increases demand for electricity at peak 

hours, which can lead to an excessive strain on the existing grid. Second, although smart grids can 

help to balance the demand and supply in the grid, participation from customers is required, through 

active or passive demand response. 

To address this situation, the me2 project is developing a Smart City Aggregator (SCA) system that 

connects citizens’ use of EV batteries and households’ equipment with smart meters, in order to 

achieve greater efficiency and flexibility at an electricity grid level. The SCA is a unique IT platform that 

includes a novel front-end (that includes a gamified community website and app, as well as, analytics) 

and an intelligent back end (including intelligence modules and unsupervised machine learning 

algorithms). Thus, me2 represents a new market place for urban actors in which a local community of 

EV users and local smart meter (SM) owners are brought together through a local urban online 

community. The project will develop a platform to enable urban demand-side management, i.e. to 

modify consumer demand for energy such as using less energy during peak hours. The platform will 

be tested in two pilots, the first in Lisbon and the second in Amsterdam. 

Additionally, we describe the project team’s findings of what is required for such a platform to function, 

to be useful and to be used. The platform should provide to the user, his or her energy consumption 

(provided through a graphical interface), the mechanisms to stimulate an improvement on the energy 

consumption patterns (behavioral change mechanisms through education, gamification, community 

feeling, leading to new habits). The platform should be easy to use and to engage with. 

This report will be structured as follows: chapter 2, contains a description of the behavioural change 

mechanisms, the theory behind them, the typical end-user platform time curve and the general 

recommendations in each period (activation and continuation phase), and ending with a cross-cultural 

analysis; chapter 3, includes the major differences between Portugal and Netherlands in a regulatory 

frameworks perspective, and how they could support/constrain the creation of an urban community 

market place in an effective way; chapter 4, it is dedicated to the results of a pre-pilot survey, a user 

scenario and the logic of the feedback and incentive system; and finally the chapter 5, it is devoted to 

the presentation of the first prototype of the me2 graphical user interface where the various 

funcionalities are described. 

2. Best Practices (Behavioural Change Mechanisms – BCM)  



Deliverable 1.1 
 

Whitebook requirements 
 

 
 

 

7 
 

Me2 as an energy control platform allows consumers to access energy information directly. Energy 

consumption will be more visible and tangible to the user, that will be able to monitor energy 

consumption and make changes in their practices and routines. Additionally, this platform is also an 

important instrument to implement energy-saving behavioural change, by applying various strategies 

(e.g., providing feedback and incentives). 

Generally, energy-saving behaviour is influenced by a large variety of both behavioural and situational 

factors. For a better understanding of what may promote the use of me2, it is useful to take into 

account both the socio-psychological factors that may influence pro-environmental behaviours, as well 

as those that may be associated to technology acceptance. In what follows, we will briefly describe the 

theoretical framework used in this combined approach: Technology Acceptance Model (TAM) and 

Theory of Planned Behaviour (TPB). 

2.1 Theoretical Framework    

Historically, researchers have identified a variety of factors or predictors, and proposed many different 

models to investigate the motivations of individuals who engage in pro-environmental behaviour1.  

While economists tend to focus on the influence of external conditions such as socio-economic 

characteristics on behaviours, psychologists tend to concentrate on the psychological variables (e.g., 

value, belief, and attitude)1, personal commitment and the perceived personal cost and benefits of 

particular actions to behaviours2.  

A combined approach of socio-psychological factors that may influence pro-environmental behaviours, 

as well as those that may be associated with technology acceptance, is essential and may promote 

the use of energy control platforms. 

2.1.1 Technology Acceptance Model (TAM) 

Some studies show that perceived ease of use has a strong influence on perceived usefulness3 4 5. 

These results determine the importance of taking into account the Technology Acceptance Model 

(TAM) proposed by Davis in 19896. This model is specific to the use of new technologies and 

suggests the importance of considering two factors - Perceived Ease of Use and Perceived 

Usefulness - to examine the acceptance and use of new technologies. Perceived usefulness, 

according to Davis6, is the degree to which the user evaluates whether the technology is useful and 
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advantageous compared to the previous technology, while perceived ease of use is the degree to 

which the consumer evaluates technology as being easy or difficult to use.  

2.1.1 Theory of Planned Behaviour (TPB) 

Relative to the socio-psychological factors The Theory of Reasoned Action (TRA)7 has been 

frequently used to assess the determinants of pro-environmental behaviours2 8 and assumes that 

behaviour is determined by the individual’s intention to perform it. The intention, in turn, is determined 

by the attitude toward the behaviour and subjective norms. Attitude is the degree to which a person 

evaluates whether the behaviour in question is positive or negative. The subjective norm refers to 

perceived social pressure to perform (or not) the behaviour in question. In their revised version of this 

theory—the Theory of Planned Behaviour (TPB)9—the authors introduce a construct that assesses the 

perceived self-efficacy and control over the behaviour, the perceived behaviour control (PBC). This 

latter aspect is somewhat similar to the perceived ease of use applied by the TAM.  

The studies using the TRA/TPB or TAM to assess the socio-psychological aspects associated with 

energy and new technologies, have mainly studied the acceptance and the attitudes toward them, 

rather than the actual behaviour of using this equipment, which is something that should be explored 

during me2 pilots. 

2.2 End-user-interaction Process   

There is a difference between improvement of usual activities and engaging in new habits and 

changing behaviours. Energy related practices as such washing, cooking, heating etc., can typically 

be considered usual. However, behaviours towards a change of practices, like deciding whether to 

engage in a smart grid project and / or to buy smart appliances, are rather conscious or even one-

shot. 

Different types of intervention should be used as end users move from the ‘activation’ to the 

‘continuation’ phase in changing energy behaviour. At the start of the process, it is assumed that end 

users carry out their energy-related practices in a rather habitual manner. As end users become more 

engaged in a smart grid program, they are stimulated towards more conscious decision-making. This 

phase can be considered rather ‘disruptive’, as existing practices that should be reconsidered and 

redefined. In this ‘activation phase’, end-user interaction is targeted typically at achieving active end-

user participation and requires an explicit consideration of old and new practices. As new practices are 
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adopted over time, behaviour becomes more usual once again. In the ‘continuation phase’, end-user 

interaction is then aimed more specifically at supporting and reinforcing the new energy practices. 

2.1.2 Recommendations for the activation phase  

Factor Recommendations 

Provide added value 

 

Financial incentives; 

Ensuring comfort gains; 

Providing new information services; 

Ensuring data privacy and security; 

Offer new forms of end-user control.  

Understand end users 

 

Understand which engagement strategies are of particular relevance to 

particular groups (target groups) by applying target segmentation. 

Awareness of end users  Educating end users by providing educational information and training.  

Commitment  Promote trust in the whole smart grid process: 

a) Involving end users at early project stages by allowing a choice of 

involvement level; 

b) Involving role models respected by the selected group;  

c) Customer testimonials; 

d) Attention to possible free-rider effects.  

 (based on  S3C Consortium10) 
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2.1.2 Recommendations for the continuation phase  

Factor Recommendations 

Provide added value 

 

Effective feedback and pricing schemes; 

Continuous information flow to maintain high engagement levels; 

Link dynamic pricing, convincing feedback mechanisms and 

communication strategies to achieve an optimal response.  

Social comparison 

It may be stimulating to allow end users to compare their (new) 

energy behaviours to that of their peers.  

a) Appeal to the competitive nature of people;  

b) Social feedback for influencing behaviour;  

Understand end users 

 

Special attention with heterogeneous target group. Should be applied 

a variety of intervention methods and techniques to serve different 

user types.  

Adopting a variety of feedback information and channels, as well as, 

adopting a variety of tailored dynamic pricing schemes to address 

different user segments. 

Awareness of end users  

 

User-friendly, intuitive designs are considered important to minimize 

effort needed for operating new devices and schemes. 

Pro-active support and service, e.g. by ‘anticipating and answering 

questions before customers ask them’.  
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Reflection & learning  

 

Reflection and learning is therefore needed, starting in the activation 

phase and continuing throughout the continuation phase.  

This could involve, for example, eliciting end users’ expectations at 

the start of the process, and evaluating their experiences later on, with 

possible fine-tuning of interaction schemes when needed.  

(based on  S3C Consortium10) 

2.3 Cross-Cultural Analyses (PT/NL) 

In this section, we intend to explore some cross-cultural variables that might affect the Me2 pilot's 

implementation, seeking to grasp some of the cultural differences between Portugal (PT) and the 

Netherlands (NL), in order to better guide the needed adaptation of the platform, according to the 

different cultural backgrounds of the two countries. 

Could a platform like Me2 triumph in Portugal but fail in the Netherlands or vice versa? 

Indeed, considering the impact that cultural differences between the two countries could have on 

either the pilot and/or the product’s implementation. In fact, a basic Google search for Portuguese and 

Dutch icons images will demonstrate that Portugal and the Netherlands have a completely different 

cultural icon images methaphors, as shows the following example: 

  

This example serves as an illustration of Portugal’s and The Netherlands’ present cultural disparities, 

which need to be addressed prior to the creation of a platform such as Me2. 

Whereas an image simplifies the cross-cultural differences, culture is a complex concept combining 

and integrating diverse (concrete and abstract) dimensions. Understanding the multiplicity of facts that 
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act within the boards of culture is not easy. By the same token, understanding the cultural impact is a 

hard task since even within the same group we can find a multiplicity of different sub-cultures and 

cultural influences. 

As a result, one of the risks of implementing a new platform like me2 in different cultural settings is the 

Cross-Cultural Risk. Nowadays, cross-cultural proficiency is a paramount in many managerial matters, 

including products and services development. Areas like cultural metaphors, stereotypes, idioms and 

languages are some of the key dimensions in Culture related problems. Indeed, practices emerge and 

develop within socio-cultural contexts and are understood through common meanings and 

performances. 

Using 6-D Model11 we investigated some variables that could provide a deeper understanding of 

cultural differences between Portugal and The Netherlands – the countries where me2 Consortium will 

run Pilot 1 (Lisbon, PT) and Pilot 2 (Amsterdam, NL). This model, in contrast with other (e.g. Hall´s 

High and Low – Context typologies of Cultures), provides a more discriptive and holistic approach by 

presenting six independent national culture dimensions: Power Distance; Individualism; Masculinity; 

Uncertainty Avoidance; Long term Orientation; Indulgence11. 

In the table below, we present these six dimensions, their definitions and some standard 

characteristics of countries with high and low scores. Also, for each dimension a data graphic is 

presented for each country (PT and NL), as follows: 

 

 

 

 

 

 

Table 1: Hofstede´s 6-D Model11 

Definition Score 
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“The extent to which 

the less powerful 

members of 

institutions and 

organisations within a 

country expect and 

accept that power is 

distributed unequally. “ 

High Low 

*hierarchical 

distance accepted; 

*imbalance rights; 

*centralized power; 

*hierarchy for 

convenience only; 

*balance rights; 

*decentralized power; 

 

“The degree of 

interdependence a 

society maintains 

among its members. “ 

High Low 

Individualist 

Society 

*loosely-knit social 

framework 

(themselves and 

their immediate 

family); 

*values 

meritocracy; 

Collectivist Society 

*close long-term 

commitment to the 

member group 

(family, extended 

family or extended 

relationships); 

*loyalty over-rides; 

 

 

“The fundamental 

issue here is what 

motivates people, 

wanting to be the best 

(Masculine) or liking 

what you do 

(Feminine). “ 

 

High Low 

Masculine Society 

driven by: 

* values 

achievement; 

*success = 

winner/the best in 

the field; 

*less consensus-

oriented; 

Feminine Society 

driven by: 

* values solidarity; 

* success = QoL; 

*consensus oriented; 

 

31	
14	

PT	 NL	

Masculinity	versus	
Feminimity	(MAS)	

63	 38	

PT	 NL	

Power	Distance	
Index		
(PDI)	

27	

80	

PT	 NL	

Individualism	
versus	Collectivism	

(IDV)	
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“The extent to which 

the members of a 

culture feel threatened 

by ambiguous or 

unknown situations 

and have created 

beliefs and institutions 

that try to avoid these.“ 

High Low 

* follows rigid 

codes of believes 

and behavior; 

*intolerant to 

unorthodox 

behavior and 

ideas; 

* presents relaxed 

attitudes; 

*practice counts more 

than principles and 

crystalized rules; 

 

“How every society 

has to maintain some 

links with its own past 

while dealing with the 

challenges of the 

present and future. “ 

High Low 

Long-term 

Orientation 

* presents 

pragmatic 

approach; 

*thrift and modern 

education as a way 

to prepare the 

future; 

Short-term Orientation 

*maintain time-

honored traditions and 

norms; 

*resistance to societal 

change; 

 

“The extent to which 

people try to control 

their desires and 

impulses. “ 

High Low 

Indulgence 

*relative weak 

control of desires 

and impulses; 

*tendency to 

optimism; 

Restraint 

*relative strong control 

of desires and 

impulses; 

*tendency to 

pessimism; 

 

99	
53	

PT	 NL	

Uncertainty	
Avoidance	Index	

(UAI)	

28	
67	

PT	 NL	

Long	term	
Orientation	versus	

Short	Term	
Normative	

33	
68	

PT	 NL	

Indulgence	versus	
Restraint	(IND)	
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Based on the previous table, a practical approach was developed in order to use these manifest 

cultural differences between PT and NL in our Incentives (BCM) plan. We began by thoroughly 

analyzing the impact of each high and low score on the six dimensions, further analyzing those scores 

in each incentive implementation, as shown in the next table: 

 

 

 

 

 

 Educational Financial Environmental Gamification Social Comparison 

PDI HIGH     X 

LOW     X 

IDV HIGH X X    

LOW   X  X 

MAS HIGH  X  X X 

LOW X  X   

UAI HIGH X X    

LOW    X  

LTO HIGH   X X  

LOW  X    

Educational	
feedback:	
development	of	
energy	efficiency	
knowledge.	

 

Financial 
feedback: 
information about 
potential financial 
savings.  

 

Environmental 
feedback: 
information about 
environmental 
impact.  

 

Gamification: 
rewards 
accordingly with 
efficient 
behavior. 

 

Social 
Comparison: 
compare energy 
consumption 
with the average 
others. 

 

Table 2: Overview analysis of cultural dimensions expected impacts in behavioral incentives 
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X = Expected impact 

Given the expected impact of influence that each cultural dimension presents to each of the five 

incentive types used, a new metric was created in order to rank these results within high scores 

(positive – 1 to 5 in red) and low scores (negative – 1 to 5 in blue). In the next table, it is possible to 

find a contrast between both countries’ cultural dimensions, and their influence in each of the five 

stipulated incentives to be used for the Lisbon Pilot (Educational, Financial, Environmental, 

Gamification, Social Comparison), using this new scoring metric. 

 Educational Financial Environmental Gamification Social Comparison 

          

PDI         1* 4* 

IDV  3*  3* 1*    3*  

MAS 3 1   3  1     

UAI 5 1 5 1       

LTO   3*   2*  2*   

IND        2*   

 

1 minimum high score to 5 maximum high score 

1 minimum low score to 5 maximum low score 

 

IND HIGH    X  

LOW      
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Our analysis shows that Portugal and The Netherlands are equally influenced by MAS (with a low 

score) and UAI (with a high score), which allow us to conclude that these two cultural dimensions will 

not affect the pilots’ implementation in a different way. However, other cultural differences between the 

two countries, expressed in the above table, do need further analysis, in order to assure a successful 

pilots’ implementation. 

As stated, PDI, IDV, LTO and IND present some substantial differences between the two countries, 

indicated in the table by “*”. Recognizing that these disparities may affect the effectiveness of some or 

even all of the incentives, it is crucial to address the differences that should be implemented in the two 

pilots.  

The most relevant dimension is PDI, given the huge differences between Portugal and The 

Netherlands’ scores, specifically considering the possible influence of those scores on the Social 

Comparison incentive in each country. While Portugal culturally accepts hierarchical distance, 

imbalanced rights, as well as an unequally distribution of power amongst citizens; Dutch people 

believe that hierarchy is necessary only for convenience, that rights should be balanced across 

society, as power should be decentralized. Regarding each country’s own perspective on power 

distribution across groups, it is safe to predict that this cultural dimension will directly affect the Social 

Comparison incentive effectiveness in different ways, thus requiring each pilot to be specifically 

designed for each country. 

In this regard, the Social Comparison incentive is to be more active in The Netherlands than in 

Portugal, where it should be smoothly introduced. The Portuguese pilot should reinforce the 

importance of behavior in itself over competitive behaviors, making use of Social Comparison as an 

indicator. Given the cultural analysis, as presented before, the Social Comparison incentive is 

expected to be fully effective in The Netherlands.  

Differences in IDV affects the effectiveness of Educational and Financial incentives in The 

Netherlands as an individualist society, as well as Environmental and Social Comparison in Portugal 

as a collectivist society. About LTO, the low score presented by Portugal could affect the Financial 

incentive, since Portugal shows mainly a short-term orientation and some resistance to societal 

change, opposite to The Netherlands that presents a long-term orientation which could potentiate 

Environmental and Gamification features. Additionally, the Netherlands also presents a high score in 

IND, and is characterized by a somewhat weak control of desires and impulses, as well as a tendency 

to optimism, which should also positively affect Gamification incentives. 
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In sum, regarding the pilots’ implementation in these two different countries, two most relevant 

guidelines emerge: 

- Social Comparison and Gamification seems to be more effective in The Netherlands than 

in Portugal; 

- Portugal is expected to react more effectively to Financial incentives and The Netherlands 

to Environmental and Gamification incentives; 

3. Policy Analysis 

This chapter aims to summarize the various existing and evolving market players, market design and 

regulatory issues in the sector, that are relevant to projects like me2. 

This is important as such initiatives and ventures are expected to be an integral part of the future EU 

electric grid management. For instance, TSOs (transmission system operators), that are responsible 

for managing the overall transmission systems, need to ensure that the supply of electric energy 

equals the load in real time, so the frequency of electric supply is kept within acceptable limits. To 

achieve this, there is the so-called balancing market that TSOs initiate, whereby various energy 

reserves that are activated for different time spans (spinning reserves, supplementary reserves and 

backup reserves), are contracted to ensure frequency regulation. me2 with its aggregated Plug in 

Electric Vehicles (PEV) via the “smart city aggregator” (SCA) can potentially participate in such a 

market for both up regulation and down regulation, depending on the viable mode of charging 

operations (i.e. V2G and G2V). 13 14 15  

The other major players in the market worth to notice are the DSOs (distribution system operators), 

that manage the local distribution networks. The intermittent solar and wind energy sources are being 

connected to the electric grid via the local distribution networks, that are requiring a better network 

management role from DSOs. 16 17 Furthermore, the expected huge roll out of PEVs would result in 

local network congestion, unless various optimized charging schemes are utilized18. me2 with demand 

side response as part of its value proposition, would be an integral part of the local grid management. 

To achieve this, as proposed in the me2 project, end customers’ energy usage flexibility in homes with 

smart meters as well as the smart charging of aggregated PEVs (which offer huge flexibility options) in 

the G2V mode can be used. A smart discharging of aggregated EVs to the grid (V2G) is also a viable 

option, which me2 can potentially engage to provide energy to the local grid in peak hours. 
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Being the SCA at the very heart of me2, the exact role and relationship of such an aggregator with the 

incumbent energy retailers in the evolving EU electric market, is also important. Within the existing 

market scenario, such emerging aggregators in business ventures like me2 need to figure out how to 

work with end consumers who may have already an energy contract with incumbent retailers. 

Aggregators want to provide demand response to the local grid, but incumbent retailers who buy 

energy in the wholesale market, with an obligation to keep a certain ‘balanced portfolio’ (so that the 

energy they traded get consumed by their customers), may have a contradicting goal with such a third 

party aggregator that targets their customers. 19  

The development of me2 would not be straightforward in the EU electricity market as the various 

regulatory, market design, pricing and coordination issues have direct and indirect bearing in its 

implementation. For instance, in the emerging electric industry, DSO and TSO need to be coordinated 

in a new workable way as otherwise they may end up competing for the same energy resources for 

their activities. Such coordination as well as clear demarcation of tasks by market players influences 

the practical implementation of new ventures like me2. Other issues related to PEVs charging mode 

and charging infrastructure are very important for the practical success of me2. The following sections 

attempt to summarize various factors in the EU electric industry that might have implications on me2. 

3.1 On-going Policy Developments that might have an Impact in the Future 

The electricity regulatory landscape in the EU has been continuously progressing in the past two 

decades. The EU directives and regulatory reforms though slow in implementation hold promises in 

bringing reform and removing barriers for new entrants and ventures. 20 Two examples are the Energy 

Efficiency Directive (EED) and the various European network codes (like demand connection, 

electricity balancing and the load frequency reserve) that could help in the implementation. 

In particular, the EED constitutes a significant step towards the development of Demand Response in 

Europe. Art. 15.4 requires Member States to “ensure the removal of those incentives in transmission 

and distribution tariffs that are detrimental to the overall efficiency…” and art. 15.8 establishes 

consumer access to energy markets, either individually or through aggregation. The transition of the 

EED within the four analysed countries (Austria, Germany, the Netherlands and Portugal) has not 

been fully achieved yet. The recently published “Demand Response status in EU Member States” 

found that many national regulators see the process of opening markets to Demand Response as 

complex and confusing, which could explain the slow progress that has been achieved. 21  

In order to make the market going forward, the Member States will need to authorise Demand 
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Response, allowing consumer load to compete alongside generation assets in all markets; which 

would likely require the legalisation and enabling of aggregation in all markets; an adjustment in the 

technical modalities in all markets with the consumer capabilities, and market requirements. 21 The 

implementation of the Efficiency Directive could address identified problems by EU-wide groups 

including the minimum bid figures required to participate, and as a result, removing market barriers to 

new entrants.  

The implementation of EU regulations can be slow, and in certain cases some details are left for 

regulatory bodies in member states to interpret EU directives locally, creating variations and 

unintended interpretations. 22 Various Europe wide bodies like ENTSOE, ACER, CEER and other 

interest existing groups look at draft codes, guidelines and reviews as a good supporters of the market 

development. 23 24 25  

In addition to this, national regulatory frameworks can significantly impact specific markets such as the 

deployment of EVs or the decentralized energy storage, sending a clear signal to investors about 

potential value-creation opportunities in often regulated markets, e.g. the ancillary services. 

To conclude and from a regulatory perspective, at the moment there is no stable framework, hence 

creating uncertainties for new ventures like me2 and long-term investments. 22 26  

3.2 General Market Developments that might have an Impact in the Future 

The homes and small-scale businesses are becoming small energy producers, in particular from RES 

(renewable energy sources), becoming part of a distributed generation market, with the potential to 

provide a solution to manage peak demand and grid balancing. In addition to this, an increased 

number of EVs is expected in Europe as a result of European and local policy developments, like the 

Clean Fuel Directive or the range of tax exemptions and incentives offered by governments in EU 

countries. EVs could be used for load shifting and as a source of energy supply. 

In this context flexibility is recognized as central for the power grid’s efficient operation as it allows 

the balance between demand and supply of electricity.27 Nevertheless, the existing market design and 

regulatory framework are not fully suitable to address flexibility requirements posed by intermittent 

renewable energy sources.26 Furthermore, the electric system integration as well as the electricity 

market coupling in Europe though beneficial would not be enough to address the needed flexibility 

requirements26. Demand side response and power to mobility (e.g. PEVs) are among the viable 

options proposed to provide the required flexibility.26 28 
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The introduction of improved, smarter and automation control systems, hold the potential to manage 

the intermittency and volatility of the power supply and consumption loads, as well as the integration of 

micro grids and virtual power plants (VPP). Another aspect of the increasing share of intermittent 

renewables in the electric grid is the growing concern in the electricity markets, regarding with a 

possible lack of capacity to meet demands, and to ensure energy availability.29 This is a contentious 

debate in Europe, and if capacity payment is allowed in the future, it would benefit incumbent as well 

as new ventures.30 31 At the moment explicit remuneration for capacity  (i.e. payment for the availability 

of energy services) largely does not exist in Europe.17 32 That might be a result of the current existing 

overcapacity26, but nevertheless creates an obvious disadvantage for power plant owners. Yet, and if 

capacity payment were allowed, end-consumers would ultimately be required to pay more, as the 

additional costs incurred by TSOs in paying for capacity, might be transferred along the chain to end 

consumers. 

In terms of the retail market there are two trends to be highlighted. The first one is related to the level 

of competitiveness of the retail markets, which appears to be liberalized and competitive within the 

four analyzed countries. Meanwhile, in other EU countries there is still a regulation for the retail price 

of electricity, creating a market barrier to new business ventures33 and to users to trade energy with 

each other. A second trend is referred to Time of use (TOU) retail pricing (e.g. peak pricing, real time 

pricing), which could ultimately result in new peaks in the local distribution network34, but at the same 

time could be a solution in case of PEVs with real time or dynamic pricing in tandem with automated 

smart charging.34 An important first step towards to a change, is the introduction of smart meters, 

which are being given different national priority levels. The topic requires a deep understanding of the 

emerging TOU pricing structures, (and time variable grid or network tariff designs) as well as research 

on their acceptability by end consumers, which is necessary for the successful realization of new 

ventures. 

The DSOs existing business model would not be suitable in the emerging smart grid world where:16 17 

35 

• High variable renewable energy sources are being connected on local distribution networks  

• PEV connectivity on the local network is growing  

• End consumers increasingly want to engage in demand response 

• me2 like smart aggregator business ventures are being proposed  

As such DSOs may need to evolve in function besides their existing tasks, which might include: 
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• To adapt TSO activities in coordinating new market players like smart aggregators 

• To continue balancing supply and demand in the local networks and ensuring power quality 

(e.g. voltage regulation) 

• As new energy sources are being connected on the local network (i.e. renewable energy 

sources and distributed energy sources like PEVs), they need to manage two-way power 

flows (i.e., the existing power flow from the higher voltage transmission grid to the local 

networks, and a new power flow to the higher voltage transmission grid from the local 

distribution networks)36 

• A new level of coordination with TSOs16 17 37 

3.3 Current Relevant Revenue Sources 

The demand response business in Europe is still weak in most member states, in terms of its 

contribution to the management of the local grid as well as in providing ancillary services like 

frequency regulation, which is not that much appreciated and adequately compensated in EU as it is in 

USA for instance.22  

With regards to demand response, the four analysed countries could be summarized as follows: 

1. Portugal belongs to the group of countries, which have to engage with Demand Response 

reforms. Though Demand Response is ‘legal’, there is no defined means for aggregators to 

offer the demand side resources, no way to measure or pay for the resources, and no markets 

in which consumers or aggregators can sell the resources.  

2. Germany, the Netherlands and to a certain degree Austria, are in the process of enabling 

Demand Response through the retailer only. These three countries limit aggregators to the 

role of providing service to retailers rather than independent parties providing independent 

offerings to consumers. This is an important choice – as this limits market offerings to those 

that are positive for the retailers in a given country – which may not be the same as those 

which would benefit the consumer. It also means that the customer will not be offered a clear 

value for their flexibility - rather they will receive this bundled with their electricity bill. They 

either need to reject the entire package or accept it. However, it is difficult or almost 

impossible for them to know what they are rejecting or accepting as they will very rarely (if 

ever) have a fully transparent offer.21 Germany is undergoing a regulatory review and this 
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situation may change in 2017-18. Austria has not defined the role of the aggregator, but has 

made some significant progress in adjusting technical modalities.  

Overall, among the EU Member States only Belgium, France, Ireland and the UK have enabled both 

Demand Response and independent aggregation. In order to facilitate the consumer participation, 

those markets have also made a good progress in adjusting the technical modalities and market entry. 

The Transmission System Operators (TSOs) of Germany, Austria, the Netherlands and Switzerland 

started a joint ancillary services market for Primary Control Reserves (PCR) in April 2015. The 

participating TSOs are currently discussing the harmonisation of prequalification rules for units with 

limited storage capacity, i.e. batteries. It is clear that the technical details of the finalized 

prequalification rules will have a strong impact on the business case of battery system operators. 

The 2015 market review from Tennet (NL) highlighted what could be two market trends: when the 

German market was discussed, the report emphasizes the further improvement of the balancing 

performance of balance-responsible parties in 2015, as it is testified by the reduced volumes of net 

imbalances; smaller volumes of reserves were activated significantly more often than in the previous 

two years, as the number of periods with a small net imbalance increased, and the volumes of 

undersupply decreased. Furthermore, in both countries the net imbalance is more often positive than 

negative. Apparently, there is a tendency for market parties to oversupply the system.38 

3.4 Current Relevant Technical Requirements and Guidelines 

Essentially, there are a number of regulatory barriers in place that are hindering the demand response 

business in Europe.22 13 Some of these barriers were not accepted as resources, others were 

considered inadequate and/or non-standardized baseline methodologies for programme requirements, 

which have been designed for generators, and therefore do not accurately measure consumption 

changes.  

A clear example of those barriers are the minimum bid figures required to participate in the electricity 

market of Europe, which are mostly very high, and discouraging for new entrants.19 

In terms of processes, aggregation services will require a shift in the market from the focus on the 

individual level to a pooled load collected by the aggregator to be fully enabled, as well as a definition 

of processes between the Balancing responsible parties (BRPs) and Aggregator, in order to enable 

the consumers to freely choose their service provider and allow them for an adequate compensation. 
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To enable the participation of independent aggregation service providers in a safe way, the 

relationship between the supplier, Balancing Responsible Party (BRP) and the aggregator must be 

defined, also the roles and responsibilities of the independent aggregator should be determined as 

well. 

In terms of the relation between BRPs and Balancing service providers (BSPs), energy retailers are 

included among the so-called “Balancing responsibility parties” (BRPs) that are financially responsible 

in the energy market in case of imbalance, in what they traded for (i.e. the energy they traded is 

expected to be consumed), and may have to pay the TSO for any resulting imbalance. Hence, they 

have an obligation to keep a ‘balanced portfolio’ over a given timeframe.19 29 An aggregator (e.g. the 

SCA in me2) who wants to work with smart homes (who may already have energy contract with 

retailers) for demand response, may have a contradicting goal with the retailers as the aggregator 

administered customer demand response may force the retailers out of balance, making them lose 

money in penalties by TSOs, and from the unused energy purchases they made. In this case, the SCA 

is essentially a balancing service provider (BSP) (with different obligations to meet with the grid 

operators). To add to the conflict, retailers (BRPs) may also want to do demand response themselves 

but only in such a way that it helps their balanced portfolio in the energy market.19 Electricity Balancing 

Code can resolve such problems related to BRPs and BSPs39 by setting the requirements and 

guidelines that should be observed. 

Analysis of compensation of retailers for sourcing costs: The payment of sourcing costs are demanded 

by utilities and accepted by many aggregators. Sourcing cost refers to the energy that the retailer 

bought, which the consumer does not consume because they are participating in Demand Response. 

There is a widespread acknowledgement that the retailer loses income through their balance 

responsibilities during a Demand Response activation by an independent aggregator. However, the 

implementation of the sourcing cost payment mechanism in France, the past two seasons, left less 

than €2,000 total for the participating aggregators and consumers. This indicates that, particularly in 

markets where there is a significant energy component (such as wholesale markets), this mechanism 

may do significant damage to consumer’s ability to earn from Demand Response. They will have to 

pay the majority of earnings back to their retailer. Careful review of this issue is therefore appropriate.  

Technical developments and requirements with regards to the deployment of the EVs and its related 

infrastructure are also relevant for me2 project. Therefore, we consider that this discussion could be 

divided into three pillars:  
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(1) Dis(charging) mode: considering that fast charging tends to overload local distribution networks 

causing voltage deviations, they would not be favoured by DSOs.18 In addition to this, fast (dis) 

charging requires expensive charging infrastructure, and would rapidly degrade the PEV batteries and 

charging circuitry.34 Nevertheless, fast and multiple (dis) charging of PEVs are convenient to 

implement various optimization algorithms for profitable optimal smart charging, that takes into 

account the price of electricity40, as well as for balancing or ancillary services to the grid (e.g. 

frequency regulation) that would require a quicker response.i 

(2) Charging infrastructure: The expected roll-out of PEVs need an adequate and EU standardized 

charging infrastructures.34 The Clean Fuel Directive set a target of 800,000 publicly accessible EV 

stations to be installed throughout Europe by 2020.20 

(3) Charging and the local distribution network limitation: Aggregated PEV’s optimized smart 

charging may also have to take into account local distribution load capacity in its optimization 

constraints, otherwise the local distribution networks would get overloaded.42 Close cooperation with 

DSOs might be needed for such implementations, so that DSOs provide local network load profile 

data. 

Another technical aspect that needs to be accounted is the price signals in the wholesale energy 

market (which is informed by conditions in the overall balancing area administered by TSOs) and may 

not represent the conditions of a given local distribution network (administered by a DSO). Hereafter, 

respondents (e.g. PEV owners) to lower price signals from the spot or wholesale market, could create 

congestion on such a local distribution network[9]. Yet, such congestions may create competition 

between TSOs and DSOs to engage the same energy resources for their respective needs and 

activities. EU wide regulatory bodies are following this issue to create a coordination and hierarchy, 

between TSOs and DSOs, that would create a favourable environment for all players.22 35  

3.5 Policy Analysis - Conclusion 

New ventures like me2 would need a stable regulatory framework for their implementation and 

attractiveness for investments. Positive European directives and regulatory reforms need to be 

followed and lobbied by all concerned bodies for their rapid implementation in member states 

individually. As an example, the regulation of the retail price of electricity would be an obstacle for new 

ventures like me2 that assume a competitive environment. In addition, the me2 platform allows end-

users to trade energy with each other, which would not be viable if there is a regulation on retail 

prices. 
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The aggregated demand response is one of the main contribution of me2, its level of penetration and 

adequate compensation in the EU market has a direct impact in the practical implementation of me2. 

For the time being, few countries have opened up their market to demand response, with a number of 

responsible EU groups actively engaged in making recommendations 19 20 

The theme of aggregated smart homes of me2 which could engage in useful demand side response, 

as well as the smart (dis) charging aggregated PEVs of me2 that offer huge flexibility options, could be 

utilized by DSOs for ‘peak shaving’ and ‘valley filling’ operations in the local grid load profile. This 

would be very useful in managing the integration of time variable renewable energy sources. 

Nevertheless, if the current higher minimum bid figures remain, this could discourage innovations and 

start-up aggregators in business ventures like me2. 

The proposed value of me2 is to provide balancing services to the grid for frequency regulation, as well 

as to provide demand response to the local grid, that would be more profitable if there is an adequate 

payments‘ capacity. 

me2 with its automated smart charging of PEVs could work with dynamic or real time pricing. 

Furthermore, as proposed in me2, smart meters in homes enable the dynamic pricing of electricity.  

However, such emerging dynamic pricing schemes (and also time variable grid tariff designs) in EU, 

should be carefully studied as part of the market and economic analysis of me2, also taking into 

consideration the customer acceptability. 

(dis) charging of aggregated PEVs is at the heart of the me2 venture, so the mode of charging and its 

implications need to be studied to ensure different goals and requirements. 

EVs infrastructure: Ventures like me2 would only be theoretical if there is no adequate charging 

infrastructure in the EU member states; so and related to this issue, all concerned bodies should push 

for the realization of positive EU legislations. 

In the practical implementation of me2 the involvement of DSOs would be needed, so that the PEV 

charging optimization scheme of the me2 platform could take into account the local network load 

capacity. 

The rate at which DSOs adapt to the new emerging smart grid environment in the electricity industry 

would affect the implementation of me2 and similar ventures, as the value of such initiatives can be 
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appreciated and well implemented by DSOs, for those who have adapted to the new challenges and 

opportunities in the electric industry. 

Stable coordination between DSOs and TSOs with clearly demarcated responsibilities would benefit 

the implementation of ventures like me2 in creating favourable environment and also in making clear 

various business niches and their corresponding stakeholders. 

In the existing market design of EU, the SCA of me2 as BSP may need to secure permission from the 

incumbent retailers (BRPs) in order to do demand response with smart homes having an energy 

contract with the incumbent BRPs. However, the SCA can act as a BRP itself in case of managing 

aggregated PEVs (dis) charging on the local network or if it gains new energy contracts with smart 

homes. In these latter cases, it has a financial responsibility to keep a balanced portfolio. The role of 

SCA as BSP and BRP need to be studied carefully in the market analysis and market design of me2, 

within the context of the existing and emerging market environment. 

The me2 concept is highly specialized to be adopted by mass entrants to the retail industry. 

With customer big data access, and smart meter technologies on the rise, there is the eminent 

prospect that non-power actors with an established customer network base like supermarkets, 

telecoms and social media platforms could enter the energy retail field.Fehler! Textmarke nicht 
definiert. Therefore, new ventures like me2 are an attractive potential prospect for would-be adopters. 

One viable way to realize me2 could be a joint venture of telecoms and DSOs forging their respective 

knowledge base, and their established customer connectivity. 

4. Practical Findings 

In this chapter, we first describe the findings from the pre-pilot survey, giving insight into what is 

important to the community of EV drivers. Next, a user scenario will be presented and finally the logic 

behind data-base feedback and incentive messages to pilot users is explained. 

4.1 Pre-Pilot Survey  

4.1.1 Portuguese Sample 

During August and September 2016 the consortium was developing and ran a survey aiming for a 

better characterization of the me2 pilot platform target subjects, running in Lisbon from December 
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2016 to June 2017. To a better understanding about the potential pilot platform user, this survey has 

produced a brief demographic description of these target subjects, given a 204 subjects sample (mean 

age 46.96 years), of which the vast majority (>94%) has never participated in any similar project. 

The use of a scale measurement system has allowed the analysis of users’ behavior regarding 

environment and energy consumption (habits and change flexibility perceptions). Participants 

manifested that they have a “friendly environment” behavior when questioned generically. Yet, when 

asked about their daily habits, they show some negligent acts when it comes to energetic consumption 

efficiency (e.g. using standby mode, using half load programs, etc.). In fact, participants involved 

believe that it is easy to adopt energy efficient behaviors, even though they do not usually exhibit 

them. 

In regards to electric cars users among this 204 subjects sample: 35% have a personal electric car 

and 45% use their employer’s electric car on a regular basis. Regarding charging spots, this sample 

revealed a clear preference for public spots when charging near their living places, and a preference 

for private spots when charging on their work places. As for charging preferential time schedule, 

subjects clearly preferred night time (between 20h and 0h), with daytime being less used. 

Finally, the subjects could evaluate the first me2 platform mockup, and were asked to quantify the 

importance of every given section. Currently being tested in Lisbon, this mockup was the first draft of 

the me2 platform development and subjects considered all of the given sections highly relevant 

(>70%), which allows a primary validation of it. 

4.2 User Scenario 

A sample scenario for me2 

 

Roel Raven (36) lives in Zeeburg, Amsterdam, a neighborhood in the center of 

Amsterdam. He works at KMPG, a consultancy firm in Amsterdam, and 

commutes to work by car since he has to visit clients outside Amsterdam 

frequently. He drives an electric car from his company, so he does not have to pay for charging costs. 

He has an apartment, a wife and two kids. He has the usual house appliances (washing machine, dish 

washer, TV, water heater etc.). His electricity costs are around 90 Euros per month. Also, he would 

consider himself sustainable; also if it is possible he buys organic meat for the family. 
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However, while he likes the area where he lives, he misses the neighborhood feeling. He feels that his 

apartment complex is quite anonymous. Also, Roel wants to be sustainable and buys green electricity, 

but he does not think about energy efficiency at home. In fact, it doesn’t even cross his mind. He 

always has considered his electricity bill as something given and he also always uses appliances 

when he needs accordingly with his routines. And for his car, he likes his EV, especially the fast 

acceleration and that it is so quite. However, sometimes he struggles to find a charging spot.   

Last month, his energy supplier announced 

that they would support the now popular ‘me2’ 

platform. All customers would get the 

installation package to be installed at home 

and could get access free of charge. He was 

very interested in this system and started using it from the very beginning. The installation was very 

easy. He received three fancy sockets that he plugged in between the appliances (e.g. the washing 

machine) and the conventional socket.  

Afterwards, he entered his customer number on the me2 app, selected his location, 

and was immediately part of the local energy neighborhood community. At the 

beginning he received mini information emails about how he could improve his 

energy usage and bill. He also set some goals with regard to energy consumption. 

He was surprised how much savings there were. Roel was considered the ‘most 

energy efficient neighbor’ last month, since the system compares energy 

improvements of all users in a neighborhood.  Nevertheless, me2 does not only 

educate him how to optimize his energy consumption, but also actively prompts Roel 

to change his or his wife’s energy usage routine. For instance, they now program their washing 

machine to start at a specific time at night, the time suggested by me2. Every evening, they receive an 

email in which me2 suggests when to use which appliances during the next day. It anticipates the 

family’s behavior based on their past usage and on a questionnaire they had to fill in when they 

started using the service. If they follow the suggested times of use for the next day they get points in 

the platform, and they will reduce their electricity costs. The good thing is that, me2 distinguishes 

between ‘primary activities’ that are very inflexible (e.g. work, taking a shower) and ‘secondary 

activities’ that are more flexible (e.g. washing clothes, using the heater). Me2 asks to change the 

behavior for secondary activities, but not for primary activities. A user can determine their primary and 

secondary activities. However, there are also the so called ‘super action’ notifications, which ask to the 
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user to turn on the washing machine during the next hour. If one follows the notification Roel gets 

‘super points’, which bring him up the ranking but also offer more money.  

Me2 also includes when he charges his electric car. When Roel charges his car, at home or at work, 

the me2 app asks when he would need to leave again and how much energy he needs. The standard 

is set at 60% charge within three hours. This is usually fine for him. Then the app does the magic. He 

always has enough electricity and collects points.  

The interesting thing about me2 is, that neighborhoods compete against each other. In Roel’s case, all 

Zeeburg users compete against the Centrum users. This is done via the comparison of the green 

points collected from all users for each activity on the system. Zeeburg is at the moment on the 

second place, just behind IJburg. Users and the neighborhood collect badges and awards. People get 

together to discuss best practices on energy saving, which creates a very interesting dynamic 

between the neighbors.  

After a few weeks of using me2, Roel experienced that he has a closer contact with his neighbors, has 

reduced his electricity bill by 10%, and he was not feeling any limitation on his life’s quality. In fact, he 

has been enjoying good time and some beers with the neighbors, and feels that he is contributing to 

the wellbeing of the city. 

The advantages of me2 for consumers and compared to similar systems, are: 

- It is unobtrusive in your daily activities. 

- It is not only monitoring your energy consumption but it also reduces your energy bill. 

- It creates an actual means and goal to build a community, not only the platform. A common 

task (saving energy) creates a sense of belonging. 

4.3 Me2 Logic 

This section will provide a structured approach to the logic behind the me2 incentive and feedback 

system, including Green Credits allocation, User Ranking and Feedback & Incentive messages. The 

goal of the incentive and feedback system is to reduce consumption at peak times, by either shifting 

consumption from peak times or by overall reduction. Rationale for peak times determination is 

provided in subsection 4.3.1. 
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The logic algorithm has three steps: 

1) Forecast demand of users 

2) Determine improved timing of electricity usage 

3) Behavioral change mechanisms to alter consumption of electricity 

Note that clustering of users, based on registered or expected behaviour and usage patterns, is also 

relevant for incentivising them. Unlike the three steps listed above, cluster analysis will not be 

implemented for the pilot testing of me2, due to the small sample size and the short timespan of data 

available from the users. However, this topic is addressed in section 4.3.5 below. 

 

 

Figure 1: Me2 Logic Overview 

 

4.3.1 Rationale for determination of peak demand 

It is expected that the increased adoption of EVs will have a ‘negative’ effect on the already existing 

demand peaks in the local grid. For a precise analysis of the electricity demand curve, and thus to 

determine when the demand peaks take place, and how volatile their size and timing are, electricity 

demand data would be required from DSOs (e.g. Nuon, Eneco in the Netherlands).  
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In the preliminary grid analysis, the me2 research team has used APX market electricity prices as a 

proxy for electricity demand in the Netherlands, in the sense that high prices are assumed to 

correspond to high demand. Thus, an optimal demand curve is the ‘opposite‘ of the price curve. 

APX price series available on a 15 minute basis are, although fluctuating in price, relatively consistent 

in shape, i.e. the timing of price peaks is rather predictable. For Portugal, similar price data is available 

from the Iberian Market Operator (omie.es). 

Taking the average over the year 2015, reveals that the APX morning peak occurs between 9am and 

11am, and the evening peak is between 5pm and 9pm. These hours are used as an initial heuristic to 

move away from peak times.  

4.3.2 Forecast demand of users 

Goal:  

Get estimation of the electricity demand curve of a pilot participant for the day ahead.  

Input:  

Previous electricity consumption data (on a quarterly (15-minute) base), per weekday. 

Output:  

Expected electricity demand curve of a pilot participant (on a quarterly base) for each weekday 

(Monday, Tuesday, Wednesday, Thursday, Friday, Saturday or Sunday). 

Logic: 

This step should train and update itself and include seasonal and household changes. For example, 

after each Tuesday the prediction (average) for Tuesday’s demand will be updated. This is the well-

known moving average approach. 

Documents: 

The electricity demand curve of a specific household in Lisbon is presented in Appendix 1. 

Computation: 
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The expected electricity demand curve for tomorrow (on a quarterly base) will be calculated as follows: 

calculate for each quarter (i.e. 96 quarters per day) the average electricity consumption of the specific 

weekday (Monday, Tuesday, Wednesday, Thursday, Friday, Saturday or Sunday) over the preceding 

4 weeks. 

Calculation of the electricity demand curve for tomorrow (on a quarterly base) starts after four weeks. 

4.3.3  Determine improved timing of electricity usage 

Goal:  

The optimal demand curve of a household is in fact the “opposite” of the day ahead electricity 

quarterly prices. Based on this, we calculate improved timing of electricity usage. In this step we 

determine the improved timing to advice to the user, whether it should be earlier or later. 

Input:  

• Expected day ahead electricity demand curve of a household (on a quarterly level) (see step 

2.1) 

• Electricity day ahead price curve (on a quarterly level). For Portuguese prices we will use 

http://www.omie.es/files/flash/ResultadosMercado.swf, with each hourly price repeated four 

times, since it is not available on a 15 minute level.  

• To Do: check whether we can get a link for automatic update of Portuguese market prices. If 

not possible we may consider an approach with less frequent price updates. 

Output:  

• Peak moments of expected day ahead demand curve of a household; 

• Peak moments of day ahead electricity price curve. These price peaks are compared with the 

demand peaks. 

• Requested change per household:  time at which to reduce consumption and time at which to 

consume (i.e. where to move the usage to). This timing output is the input for the incentives 

and feedback messages (as detailed in week-by-week experiment spreadsheet, and user 

experience document). 
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Documents: 

The procedures to find the peaks of an electricity demand curve or an electricity price curve are 

described in Appendix 2a and 2b. The new advice regarding timing of electricity consumption is 

described in Appendix 2c. 

Computation: 

• Identify the electricity demand peaks of a household in the morning and early evening (see 

Appendix 2a). 

• Identify the electricity price peaks in the morning and early evening (for instance, at 9am and 

6pm; see Appendix 2b). 

• Check whether peaks in the electricity demand curve match electricity price peaks within a 

range of +/- 1 hour (see Appendix 2c) 

• If yes:  (i) propose shift of morning activities 1 hour earlier or 1 hour later  

• (ii) propose shift of evening activities 2 hour earlier or 2 later. 

• If no: do nothing, send positive feedback (“you are doing well!”).  

4.3.4 Behavioral change mechanisms to alter consumption of electricity 

Goal:  

Motivate users to change behavior to achieve an improved demand curve. This will be done with 

Green Credits, User Ranking and Feedback messages. 

Input:  

(i) Behavioral change mechanisms (mechanisms, used when, expected effectiveness (as 

detailed in week-by-week experiment spreadsheet, and user experience document)) 

(ii) Required changes in terms of timing, as described in Appendix 2C. 
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(iii)  For Green Credits: Realized relative savings on a weekly, biweekly or monthly basis; i.e. 

every 1, 2 or 4 weeks (see Appendix 3) 

(iv)  For Green Credits: Realized electricity usage improvement in that the shape of the demand 

curve has change, i.e. peak reduction, shifting of usage peaks to low price times. 

Output:  

• Green Credits (see Appendix 3), based on input (iii) and (iv) above. From the Green credits 

the user can e.g. get a reward or prize at the end of the pilot, as well as the honour of being 

top of the list. 

• User ranking, directly based on Green Credits. 

• Messages with feedback and incentives based on input (ii) above. The contents of the 

messages will follow a theme (education, environment, Green Credits, competition, etc.) and 

will include an advice, which is general or specific. Specificity of the messages is either based 

on specific appliances (connected to smart meters: Cloogys) or specific timing (see step 

2.2). Full details of the messages are in the week-by-week experiment plan spreadsheet. 

• In Appendix 4, we present a sample message (sms / email message) to be sent to user as a 

data based incentive with new proposed timing of electricity usage.  

• Messages will be sent 4 times a week; 2 sms’s and 2 emails, the days of the week are chosen 

according to best practices. 

Documents: 

• Week-by-week experiment spreadsheet 

• User experience document 

Computation: 

Users can get Green Credits for improving their electricity usage: reduction in total consumption and 

shifting the peaks of their demand curve. Green Credits will be awarded every week, when at least 4 

weeks of data are available. For computation of Green Credits, see Appendix 3.  
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User Ranking will be based on Green Credits. It is proposed that a user can see his/her own ranking 

(e.g. 8/39) and Green Credits status in “My profile”. 

4.3.5  User clustering  

The user clustering will not be applied to user feedback during Lisbon pilot, but is included in this 

document for completeness. Self assigned clusters, as defined by users’ answers to questionnaires, 

should be connected to the users’ data. 

Goals:  

This step is important to create an understanding of the users. The clustering will be used to analyse 

whether different types of incentives will affect users of the various clusters in a different way. If 

correlation is detected in the first me2 pilot, those results can be used to tailor incentives for the 

second me2 pilot. 

Input:  

Each household has to fill in a brief questionnaire before the pilot starts. Lisboa E-Nova will send the 

questionnaire to the users in December. Survey questions: see appendix 4. 

Output:  

Segmentation of households into clusters/groups is based on survey answers with respect to: 

• flexibility in daily activities (high, low) 

• environmental care (high, low) 

• financial incentive importance (high, low) 

• attitude towards competition (high, low). 

The characteristics of the households, in a specific cluster, indicate to which extent these households 

are intended or able to influence their energy consumption. 

Logic: 

Clusters are build on characteristics. The characteristics could involve the following dimensions:  
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• flexibility in daily activities (high, low)  

• environmental care importance (high, low) 

• financial incentive importance (high, low) 

• attitude towards competition (high, low) 

This could result e.g. in a flexible environmental cluster.  

Documents: 

The survey questions (see Appendix 5). 

Computation: 

The grouping/clustering is based on the survey answers of the households. The answers on the 

questions regarding flexibility, environmental incentive, financial incentive and competition can be 

translated to a binary value (i.e., high or low), which means that a user is a member of that group or 

not.  

4.3.6 Measurable goals of pilot (pilot 1- Lisbon) 

The measurable goals of the pilot should be learning: 

i. How many users achieve x% savings? To which extent do the users achieve savings? 

ii. What is the effect of the different incentives? 

In order to measure effects of incentives, all users get similar (but not necessarily the same) 

incentives. The difference in incentives is based on the different demand curves of the households, i.e. 

proposed timing for rescheduled electricity consumption. 

5. Me2 Interface Requirements  

In this section the graphical user interface (GUI) and its different components will be explained. The 

design of the GUI was based on e.g. dashboard mock-up validated by pre-pilot survey, and the best 

practices document (see Appendix 1). 
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5.1 Interface proposal (September 2016) 

After a detailed analysis of the requirement and functionalities specified in previous documentation 

(see project document D_160914 me2_Functional_Specification_Wireframes), a visual and functional 

approach on how the user interface should be presented was ready in September 2016. The set of 

images and uses cases were produced with me2 first pilot requirements in mind. Basically, two main 

areas are presented: “Dashboard” and “My Appliances” sections. The former is a quick reference for 

the most important information for the user. Various widgets with information are presented, offering 

the possibility to check consumptions, production and statistics for the most significant time-frames. 

The latter is presented as the main visualization area where the user will have access to assess 

his/her consumptions for any appliance within any time-frame. Each main area will be described in 

detail.  

5.1.1 Dashboard  

The area presented in the picture below refers to the dashboard, the first top-menu option and the 

page, which can be retrieved after a successful login. As it summarizes a great set of relevant 

information, the user can assess his/her own consumption and production ratio, check his/her 

appliances sorted by cost, energy or environment impact, and evaluate his/her own energy 

consumption performance among other users from the community. 
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Figure 2: Dashboard 

 

According to previous specification, this information is organized as a set of widgets, which are small 

web parts that point to different areas across the application and show data in a clear and concise 

approach. Each widget has a title and a time period, indicating the type of information and the time 

which it refers to. Note that the displayed information is always from the time period shown at the top 

of each widget. There is also a set of buttons on each one that points the user to further detailed 

sections. An efficient self-explanatory and feedback mechanism was carefully taken into account. Due 

to the amount of information displayed, such mechanism will be crucial for an effective user interaction 

and engagement. The following sections will describe every area, functionality and control in detail.  
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1. Header  

ü About: This button accesses the area that holds informative and relevant content about me2 
 

project.   

ü Main navigation menu: In here, the user is able to visit the main four areas in the application, 

which are Dashboard, My Appliances, My Goals and My Plan.   

ü User profile: Profile name and picture will point the user to his/her profile details area. In here, 

the user will be able to set or complete his/her details like name, picture, address, contact 

information and some data that can be useful for later segmentation.   

ü Settings: This button points the user to his/her preferences. As described in the previous 

document, the user can change his/her preferred units, currency and warnings/notification 

settings.   

ü Logout: This button logs the user out.   

2. Community and how to improve  

ü    Information and hints:  The information box offers contextual information about user’s 

behavior within the specified time frame – usually the difference (whether it is positive or 

negative) between user’s performance and the community. The hint box, however, provides 

the user with some non-contextual tips on energy consumption and about how to become a 

higher ranked member among the community.   

ü    Chart: The bar chart has three series of data, showing user’s consumption, community 

average consumption and an average of the best-ranked users, respectively. The values are 

in kWh.   

ü    Caption information: This area explains the concepts of groups – community and the best-

ranked users – and what was taken into account, when computing the chart presented above.  

ü    History button: This button redirects users to a chart where they can assess the same data, 

for different timespans and filters.   

 

3. My energy use  

ü Chart: The donut chart presents appliance usage arranged by categories on a percentage 

basis.  



Deliverable 1.1 
 

Whitebook requirements 
 

 
 

 

41 
 

ü Category details: Each slice or category on the chart is presented here, in detail. By click on 

each category title, the area opens and presents additional information in kWh, cost and 

environmental impact, regarding its usage. There is a color code to better understand the 

correspondences between this caption and the chart.   

ü Units button: This button redirects user to “My Appliances” section, enabling the possibility to 

change some visualization settings.   

4. My current consumption  

ü Home energy details: This area presents user’s home consumptions – i.e. consumption 

related to his/her home  appliances. The data is presented in kWh, cost and environment 

impact.   

ü   EV energy details: This area presents user’s electric vehicles consumptions – i.e. consumption 

related to his/her electric vehicles. The data is presented in kWh, cost and environment 

impact.  

ü   Units buttons: These buttons point the user to “My Appliances” section. Depending on which 

button he/she interacts with (Home or EV), “My Appliances” section will configure its areas 

and configuration settings, for him/her to be able to visualize further details.   

5. My energy production   

The bar chart presents one series of data, regarding the weight of each energy production appliance. 

The overall energy production value is presented below.  

ü Caption: The caption related the information from the chart with a list of energy production 

appliances. There is a color code to better understand these correspondences.  

ü History button: This button redirects users to a chart where they can assess the same data, 

for different timespans and filters.   

6. My energy goals  

ü Locals/units select pane: As goals are set to each local/unit, this pane allows the user to 

select which one he/she  wants to assess.   

ü Home consumption and goal | EV consumption and goal: These bar charts show the home | 

EV appliance’s consumption for this unit and a visual aid, indicating the established goal.  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ü Production and goal: This bar chart shows the amount of energy that was produced in the 

current unit and a visual aid, indicating the established goal.   

ü History button: This button points the user to “My Goals” section with a chart area where 

he/she can check consumption/production goals on a monthly basis.   

ü Goals button: This button points the user to “My Goals” section where he/she can establish 

new goals for each unit and type of usage (home, EV, production).   

7. What uses the most  

ü Scope selection: This area offers the possibility to select the scope for the list of appliances, 

sorted by their energy/cost/environment impact values. Both Home and EV appliances can be 

considered, or they can be presented independently.   

ü Appliances list: This control lists the appliances by their usage, reflecting energy consumption, 

cost and environment impact, according to the selected scope.   

ü   History button: This button redirects users to “My Appliances” section where a chart is 

presented along with a large set of tools to configure data visualization.   

8. My energy state 

ü   Consumption info: This bar chart simply shows the amount of energy that was used, within this 

time period –  current month. The information is displayed in kWh, cost and environment 

impact.  

ü   Production info: As the one described before, this bar chart shows the amount of energy that 

was produced by the registered appliances, within this month. The information is presented in 

kWh, saved cost, and the number of trees that were spared by saved energy.   

My Appliances  

This area is where the user has access to all the information about his/her consumptions related to 

any period.  
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Figure 3: My appliances 

 

In this particular one, represented on the figure above, the information is distributed by appliance.  

1. My appliances navigation  

This menu allows the user to select from which entity he/she wants to view the information. The 

picture above describes the process to assess data by appliance but by their locals or their categories 

are also possible choices.  

ü Data menu: This set of controls are related to how data can be visualized or exported. In here, 

the user can set the chart type – in this case, only the bar chart is available, view the data on 

a table, export it into various formats and refresh the chart.   

ü Unit menu: This set of buttons allows the user to choose in which units he/she wants to 

visualize the chart data. The units of energy (kWh), cost and environment impact are 
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available.  

ü Timespan menu: This control allows the user to select a pre-defined system timespan, like 

“Today”, “Yesterday”, “This month”, “This year” or custom start and end dates.  

2. Filters bar  

This bar allows the user to select a set of filters related to locals/units and categories. This area can be 

collapsed or expanded, enabling a better viewport for the chart.  

ü Local/unit selection: The user can select from which local/units are the appliance he/she 

wants to monitor. It is  possible to select all local/units or pick specific ones from the list.   

ü Category/Sub-category selection: The user can select the appliances he/she wants to monitor 

by selecting their parent categories. Again, it is possible to select all or just some from the list.  

3. Chart 

The chart scale and dimensions are automatically computed according to the chosen data and time 

frame. Its type varies according to the options. 

ü Legend: There is chromatic correspondence to the data from the chart. Units and categories 

are also represented in this control. The following pictures describe alternative scenarios for 

“My Appliances” section – “by locals” or “by categories”.  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Appendices  

Appendix 1: Pre-Pilot Survey 

In this questionnaire, first, we will kindly ask you to fill out some demographic information. Next, we will 
ask you to answer some questions.   There are no right or wrong answers, we are only interested in 
your opinion. Please, click ">>" when you are ready to start the questionnaire.   In this questionnaire, 
first, we will kindly 
 
Please indicate your:      
 
1. Age: ______ 

 

2. Gender: 

 

m Female (1) 
m Male (2) 

 

3. Nationality: 

 

4. Education Level: 

 

m Primary school (1) 
m Secondary school (2) 
m University studies (3) 
m Doctoral studies (4) 
m Other (5) ____________________ 

 

5. Monthly average income in your household: 

m < 1000 € (1) 
m 1001 € - 2000 € (2) 
m 2001 € - 3000 € (3) 
m 3001 € - 4000 € (4) 
m 4001 € - 5000 € (5) 
m > 5000 € (6) 
m n/a (7) 
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How many people - adults as well as children - are permanently living in your household, including 

you? 

How many - employes How many people in your household are currently employed? 

Next, we will ask you to answer some questions.   There are no right or wrong answers, we are only 

interested in your opinion. Please, click ">>" when you are ready to start the questionnaire. 
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Pease indicate how often you generally carry out the following activities: 

 
 

 Never (1) Rarely 
(2) 

Sometimes 
(3) 

Often 
(4) 

Always 
(5) 

n/a 
(6) 

Use the standby mode for often used appliances.  m  m  m  m  m  m  

Start the washing machine with only a half full load. m  m  m  m  m  m  
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Please select one level of agreement for each statement to indicate how you feel: 

Leave warm water running while brushing teeth. m  m  m  m  m  m  

Close the door between heated and not heated rooms. m  m  m  m  m  m  

Shower for more than 10 minutes.  m  m  m  m  m  m  

Leave the window tilted at night during winter. m  m  m  m  m  m  

Switch off lights when leaving the room for half an hour. m  m  m  m  m  m  

Put on warmer clothes before turning up the heating if it 
gets cold in a room.  m  m  m  m  m  m  

Wash clothes at times of lower price (i.e. at night. m  m  m  m  m  m  

Switch off computer when it is no longer used.  m  m  m  m  m  m  

Switch off the light when leaving the room.  m  m  m  m  m  m  

Use a switchable power socket and switch it off when not 
using any appliances.  m  m  m  m  m  m  

Turn air conditioning (A/C) down during sleep hours. m  m  m  m  m  m  

Use pots with lids for heating water and food.  m  m  m  m  m  m  
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 I completely 

agree to (1) 

2 

(2) 

3 

(3) 

4 

(4) 

I don’t agree 

with this at all 

(5) 

We as human beings have to live in harmony with 

nature if we want to survive.  m  m  m  m  
m  

We have to conserve natural resources for future 

generations.  m  m  m  m  
m  

Climate change will never stop if we carry on as 

before.  m  m  m  m  
m  

If we carry on as before, energy will become 

increasingly scarce.  m  m  m  m  
m  

For every kind of problem-solving, we always have to 

consider the consequences for the environment first.  m  m  m  m  
m  

We should be careful not to disturb the balance of 

nature.  m  m  m  m  
m  

Society should promote environmental protection.  
m  m  m  m  

m  

Environmental issues should have precedence in all 

government decisions.  m  m  m  m  
m  

 

Please indicate how easily you would adopt the following behaviors: 
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 Very 

hardly (1) 

2 

(2) 

3 

(3) 

4 

(4) 

Very 

easily (5) 

Programming all my electronic appliances to work or charge its 

battery on lower overload network schedules.  m  m  m  m  
m  

Performing washing cycles with maximum load.  
m  m  m  m  

m  

Turning off all lights when leaving a room.  
m  m  m  m  

m  

Taking short hot water showers.  
m  m  m  m  

m  

Brushing your teeth without warm water running.  
m  m  m  m  

m  

Using electrical extension cable or power socket with switch and 

turning them all off when electronic appliances are no longer in use.  m  m  m  m  
m  

Turning off electronic appliances when no longer in use, not using 

the stand-by mode.  m  m  m  m  
m  

Closing of any door between heated and not heated rooms.  
m  m  m  m  

m  

Closing all windows in cold seasons.  
m  m  m  m  

m  

Dressing in multiple layers to keep your core temperature 

comfortably warm if it gets cold in a room.  m  m  m  m  
m  

Turning off the computer when is not in use.  
m  m  m  m  

m  

Turning off all lights when leaving a room for a short period (e.g. half 

an hour).  m  m  m  m  
m  
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Turning off AC two hours before go to bed.  
m  m  m  m  

m  

Using pots with lids.  
m  m  m  m  

m  

 

 

Next, we show you some important aspects that might motivate energy consumption behavioral 

changes in order to improve energy efficiency.  

 

Please indicate how much effective do you think could be each incentive:       

 

 Extremely 

effective (1) 

2 

(2) 

3 

(3) 

4 

(4) 

Not effective at 

all (5) 

Information about your neighbor’s energy consumption 

efficiency (good/bad compared with you).  m  m  m  m  
m  

Energy consumption qualitative ratings. (e.g. low; 

moderate; high). m  m  m  m  
m  

Information about money savings.  
m  m  m  m  

m  

Track the consumption and coast of each device.  
m  m  m  m  

m  

Bill prediction indications based on actual consumption.  
m  m  m  m  

m  

Information about cost per hour/day.  
m  m  m  m  

m  
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Participate in competitions or challenges that test your 

energy efficiency.  m  m  m  m  
m  

Usage prediction indications based on actual 

consumption.  m  m  m  m  
m  

Receive an email or sms always that is some unusual 

usage.  m  m  m  m  
m  

Compare your consumption between past similar 

periods (e. g.  seasons). m  m  m  m  
m  

Information about current usage rate (kWh).  
m  m  m  m  

m  

Information about unit cost of electricity (€ per kWh).  
m  m  m  m  

m  

Information about the impact of your energy 

consumption on the environment.  m  m  m  m  
m  

Play an energy control online game.  
m  m  m  m  

m  
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Now, we will ask you to answer some questions specifically about electric vehicles (EV).  

Before, please indicate which electric car you use: 

m Own car (1) 
m Company car (2) 
m Other (3) ____________________ 
m n/a (4) 

If n/a Is Selected, Then Skip to: Please take a look at the following e... 

Please rank the following reasons, in terms of importance, for you to drive electric vehicles (EV): 

______ Financial considerations (1) 

______ The environment (2) 

______ The comfort of electric driving (3) 

______ Anything else, namely: (4) 

Where do you most often charge your electric vehicles (EV)? 

m At home, on a public charging point (1) 
m At home, on a private charging point (2) 
m At work, on a public charging point (3) 
m At work, on a company's charging point (4) 
m Other (5) 

Please indicate in which period you usually charge your car: 

m morning (1) 
m noon (2) 
m afternoon (3) 
m evening (4) 
m during sleeping period (5) 
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Please take a look at the following energy consumption control online platform: 

 

 

 

Please suggest in a short description any sort of change you consider relevant to this platform or 

sections. 

Now, please take a look at each section and indicate your perception: 
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1 - Online Community: allows the users to compare their energy index (general energy efficiency 

consumption) with others.       

______ In your opinion, how important is this section? (%)  

Please suggest in a short description what you would like to achieve, as well as, which information you 

would like to access on this section: 

2 - Energy Index: General energy consumption efficiency (Home energy; Ev Energy and Solar 

Production) 

______ In your opinion, how important is this section? (%)  

Please suggest in a short description what you would like to achieve, as well as, which information you 

would like to access on this section: 

3 - Educational feedback: Help users in improving their energy index. 

______ In your opinion, how important is this section? (%)  

Please suggest in a short description what you would like to achieve, as well as, which information you 

would like to access on this section: 

4 - Home Energy: Provides general information about home energy consumption. Matches 

consumption ideal curve with real one.      

______ In your opinion, how important is this section? (%)  

Please suggest in a short description what you would like to achieve, as well as, which information you 

would like to access on this section: 

 



Deliverable 1.1 
 

Whitebook requirements 
 

 
 

 

60 
 

5 - EV Energy: Provides general information about electric vehicle (EV) energy consumption. Provides 

visual information about ideal periods to charge. Allows users to turn on smart charger and control 

battery state (%).          

______ In your opinion, how important is this section? (%)  

Please suggest in a short description what you would like to achieve, as well as, which information you 

would like to access on this section: 

6 - Solar Production: Provides general information about solar energy production and its use. Matches 

consumption ideal curve with real one.          

______ In your opinion, how important is this section? (%)  

Please suggest in a short description what you would like to achieve, as well as, which information you 

would like to access on this section: 
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In which devices would you like to access this platform? 

q Computer (1) 
q Laptop (2) 
q Tablet (3) 
q Phone (4) 

Did you participate in an energy control platform pilot before?  

m YES (1) 
m NO (2) 

 

Answer If Did you participate in an energy control platform pilot before?  YES, Is Selected 

Please indicate the pilot name: 

If you wish to participate in a coming pilot study, please submit your email for future potential contact. 

Appendix 1 a) Pre-Pilot survey results Portugal 
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Appendix 2: Electricity demand curve of a specific household in Lisbon 

 

 

Appendix 2a: Procedure to find the peaks of an electricity demand curve  

Requirements 

Based on the daily demand curves of the household in Lisbon, on average two peaks per day are 

expected to exist within each household. In practice it is not feasible to give advice to a household 

more than twice a day. Due to these considerations we will search for at most two peaks per day. 

Furthermore, we select peak quarters which differ by at least one hour. 

Algorithm 

Step 1: Select the quarter with the highest electricity demand. The corresponding quarter is PEAK1. 

Go to step 2. 

Step 2: Select the quarter with the second highest electricity demand. If this quarter is more than one 

hour earlier or more than one hour later than PEAK1, then the corresponding quarter is PEAK2 and 

STOP.  If this quarter is less than one hour earlier or less than one hour later, then PEAK1, then go to 

step 2a. 
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Step 2a, 2b, 2c, 2d, ……: Select the quarter with the third highest electricity demand. If this quarter is 

more than one hour earlier or more than one hour later than PEAK1, then the corresponding quarter is 

PEAK2 and STOP.  If this quarter is less than one hour earlier or less than one hour later, then 

PEAK1, then go to step 2b. 

After ten steps the algorithm stops. 

Appendix 2b: Procedure to find the peaks of a price curve 

Requirements 

Based on the daily electricity price curves, on average two peaks per day exist. In practice it is not 

feasible to give advice to a household more than twice a day. Due to these considerations we will 

search for at most two peaks per day. 

Furthermore, we select price peaks which differ at least one hour. 

Algorithm 

Step 1: Select the hour with the highest electricity demand. The corresponding hour is PEAK1. Go to 

step 2. 

Step 2: Select the hour with the second highest electricity demand. If this hour is one hour earlier or 

one hour later than PEAK1, then the corresponding hour is PEAK2 and STOP.  If this hour is not one 

hour earlier and not one hour later than PEAK1, then go to step 2a. 

Step 2a, 2b, 2c, 2d, ……: Select the hour with the third highest electricity demand. If this hour is one 

hour earlier or one hour later than PEAK1, then the corresponding hour is PEAK2 and STOP.  If this 

hour is not one hour earlier and not one hour later than PEAK1, then go to step 2b. 

After five steps the algorithm stops. 

Appendix 2c: Decision rule for peak matching resulting in specific timing 

Input 

● Peaks of day ahead electricity demand curve: PEAKdemand1 and/or PEAKdemand2 (see 

Appendix 2a). 



Deliverable 1.1 
 

Whitebook requirements 
 

 
 

 

67 
 

● Peaks of day ahead electricity price curve: PEAKprice1 and/or PEAKprice2 (see Appendix 

2b). 

 

Calculations 

Check whether peaks in the electricity demand curve match electricity price peaks within a range of +/- 

1 hour: 

● If yes:  (i) propose shift of morning activities 1 hour earlier or 1 hour later  

(ii) propose shift of evening activities 2 hours earlier or 2 hours later. 

● If no: do nothing, send positive feedback (“you are doing well!”). See Section 2.3 for feedback 

messages. 

 

A pragmatic approach was decided upon for quicker implementation before the pilot phase, in which 

price peak moments to be avoided were fixed between 7am and 9am and 5pm and 9pm. We identify 

four cases, two in the morning and two in the evening, which lead to different advice: 

Morning 

(i) If demand peak is 1-59 minutes earlier than price peak, propose shifting morning activities 

to before 7am. 

(ii) If demand peak is 1-59 minutes later than price peak, propose shifting morning activities 

to after 9am (e.g. if demand peak is at 8am, propose shift to “after 9am”). 

Evening 

(i) If demand peak is 1-59 minutes earlier than price peak, propose shifting evening activities 

to before 5pm. 

(ii) If demand peak is 1-59 minutes later than price peak, propose shifting evening activities to 

after 9pm. 

Appendix 3: Green credits 

Green Credits will be awarded every week, from the point which at least 4 weeks of data are available.  
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NB: Currently Green Credits are coded as a reward at the end of every week, however, there is a 

need to also add a predictive form of the Green Credit function to enable better gamification of the me2 

system. i.e., the system can only reward users after they save but there is not yet a way of calculating 

possible savings so that the user can be told of possible green credits (s)he can earn by changing 

behavior. Predictive form of green credits will be discussed further in 2017. 

3A: Credit accumulation 1: Realized savings every week. 

The me2 system will be able to rank and award credits to users based on their relative savings as 

follows. The weekly update will be based on the average total consumption of the past two weeks, 

relative to the average total consumption of the two weeks there before.  

Example:  

1) Compute total consumption in weeks 1 and 2; C_init 

2) At the end of week 4, compute total consumption in weeks 3 and 4; C_new 

3) Compute relative change: ch = C_new / C_init 

4) If ch < 1 (decreased consumption); user receives Green Credits ch * 100 

5) If ch > 1 (increased consumption); user does NOT receive Green Credits 

6) Repeat weekly, every Thursday. 

  In step 1 and 2 the total consumption is computed by counting the quarterly electricity consumptions 

(in KWH’s) over 14 days. In the week after the example week above, C_init will be comprised of 

weeks 2 and 3, and C_new of weeks 4 and 5, etc. 

3B: Credit accumulation 2: Improved shape of demand curve - peak shaving 

Users will also receive credits if they reduce their usage during peak hours, i.e. shift their usage to off-

peak hours. This will be checked by measuring whether one of the two peaks in their demand curve 2 

weeks ago has been reduced. 

The weekly update will be based on shape of the curve of the past 2 weeks, relative to the shape of 

the curve of the 2 weeks before.  

Example: 

1) Compute average quarterly demand curve for weeks 1 and 2; D_init 

2) Compute average quarterly demand curve for weeks 3 and 4; D_new 
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3) Identify two peaks in both curves according to the algorithm in Appendix 2a; 

Peak_morning_init, Peak_morning_new, Peak_evening_init, Peak_evening_new. 

4) Compute change in morning peak:  

ch_morning = Peak_morning_new / Peak_morning_init 

5) compute change in evening peak:  

ch_evening = Peak_evening_new / Peak_evening_init 

6) If ch_morning < 1 (decreased consumption);  

user receives Green Points ch_morning * 100. 

7) If ch_morning > 1 (increased consumption); user does NOT receive Green Points 

8) If ch_evening < 1 (decreased consumption);  

user receives Green Points ch_evening * 100. 

9) If ch_evening > 1 (increased consumption); user does NOT receive Green Points 

10) Repeat weekly, every Thursday. 

 

3C. Credit accumulation 3: Bonus points for performing tasks 

Sometimes users can get credits for performing extra tasks, such as answering a survey in the me2 

system. As an example, Lisbon pilot users will receive 10 points for participating in a Workshop in April 

2017. 

3D. Credit accumulation 4: Points for participating in a game or quiz 

For the duration of the pilot testing, the consortium agreed upon awarding participating users 5 points 

each week for testing the platform. 

 

Appendix 4: Example of feedback messages with specific changes (timing) 
proposed 

Message template (time specific incentive) from spreadsheet week-by-week experiments / Incentive 

structure 

“If you start [name appliance] at [time] today, you will receive [amount] Green Credits!” 
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Calculations for time 

Algorithm from appendix 2C shows that peaks in the electricity demand curve match electricity price 

peaks within a range of +/- 1 hour: 

● If yes:   (i) propose shift of morning activities earlier or up to 3 hours later  

(ii) propose shift of evening activities 1 hour earlier or later (1 hour or more). 

● If no: do nothing, send positive feedback (“you are doing well!”). See Section 2.3 for feedback 

messages. 

 

Morning 

If demand peak is 1-59 minutes earlier than price peak, propose shifting morning activities to before 

7am 

“If you start [name appliance] before 7am today, you will receive Green Credits!” 

If demand peak is 1-59 minutes later than price peak, propose shifting morning activities to after 9am 

(e.g. if demand peak is at 8am, propose shift to “after 9am”). 

“If you start [name appliance] after 9am today, you will receive Green Credits!” 

Evening 

If demand peak is 1-59 minutes earlier than price peak, propose shifting evening activities to before 

5pm. 

“If you start [name appliance] before 5pm today, you will receive Green Credits!” 

If demand peak is 1-59 minutes later than price peak, propose shifting evening activities to after 9pm. 

“If you start [name appliance] after 9pm today, you will receive Green Credits!” 
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Appendix 5: Survey questions 

Questions to cluster users 

Suggestions for user segmentation, based on their own evaluation. (7 points scale - two anchors 1 

(strongly disagree) to 7 (strongly agree) 

1. I am willing to change my energy consumption if it benefits the environment 

2.  I am willing to change my energy consumption if it helps me save money 

3.  I am willing to change my energy consumption if it helps me to perform better than my 

neighbor. 

Additional question: 

4. I am willing to change my behaviors if it helps me to improve my energy consumption 

efficiency. 

Please indicate how flexible you are?  

(7 points scale - two anchors 1 (nothing flexible) to 7 (extremely flexible) 

Users who answer with 5, 6 and 7 belong to the corresponding group. Items presented in random 

order. 
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i D. Beeton and G. Meyer, Electric Vehicle Business Models. 


