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1 Summary 

The energy sector is in transition. Firstly, the liberalisation process forces companies to 
restructure their value chain in order to increase their market efficiency. Secondly, in 
order to reduce carbon emissions, the use of renewable energy sources is enforced by 
national and international regulations. Thirdly, smart metering is being widely adopted 
and with it consumers will be involved actively. The main goal of the project is to develop 
an ICT system that fits the future liberalised energy sector and enables the integration of 
a higher rate of distributed and renewable energy sources into the electricity grid. We will 
explore an approach for demand (and supply) side management in which electricity 
consumers and producers issue flex-offers indicating flexibilities in time and amount of 
the electricity. These flex-offers will be processed by our system in order to balance 
electricity supply and demand in near real-time and thus allow to use not-schedulable 
renewable energy sources much better. 

Since the beginning of the project in January 2010, we have analysed the state of the art 
in the European energy market regarding players, their roles and processes they are 
involved in and in the three core functionalities: 1) data collection, aggregation, analysis, 
2) forecasting, and 3) scheduling and negotiation. We have also analysed related projects 
and developed a standardization roadmap. Based on that we have designed the 
processes for the integration of the flex-offer technology into balance groups and market 
balance areas; we have drafted the data model; we derived requirements and constraints 
to the approaches for core functionalities; and we have developed approaches to the 
technical functionalities which fulfil the requirements. 

In the second phase of our project which is now named Mirabel, we have created a 
conceptual draft of a flex-offer management architecture and its design, we have 
designed a data model and specification of flex-offer, contract and negotiation messages, 
we have implemented an integrated prototype for data collection and analysis, we have 
implemented an initial prototype of request-based forecasting and a concept for the 
integration into the system architecture, we have implemented a basic integrated 
framework for scheduling and negotiation, we designed trials cases and specified the 
simulation and test environment and we have initiated a CWA standardization workshop 
with CEN/CENELEC. 

On the web-site http://www.mirabel-project.eu/ you can find more information about the 
Mirabel project including publicly available publications and deliverables.  

2 Project objectives for 2011 

The objectives of the project in 2011 have been to develop the individual analytical 
components of Mirabel, an integrated prototype and to design the test cases in order to 
evaluate our concepts and technologies in three trial cases in the final year of the project. 

http://www.mirabel-project.eu/
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3 Work progress and achievements in 2011 

3.1 Architecture and process model (WP1) 

3.1.1 Objectives of the work package 

The objectives of this work package are to specify role and process model of actors in the 
Electricity Market system and to prepare the draft for the overall architecture of the 
Mirabel Energy data management system. 

3.1.2 Results of the work package 

 

3.1.2.1 Conceptual draft of the request management architecture and its design 

We designed the conceptual architecture of the prototype of the Mirabel energy data 
management system which will be used to test and demonstrate the overall functionality. 
We assumed that an elementary block of the system is a node which can send and 
receive messages from other nodes. One node consists of communication, control, 
analytical and data management components. The communication component is used for 
message exchange between nodes. The control component is responsible for 
implementing business logic specific to the role of this node by processing incoming 
messages and sending messages to other nodes. Analytical components include 
aggregation, forecasting and scheduling components which are used by the control 
component for performing complex computational tasks like demand forecasting, 
aggregation of flex-offers and scheduling flex-offers. The data management component 
provides access to persistent storage. The design was illustrated using pseudo-code. 
Since it is an internal (non-public) deliverable, we assumed that the reader is already 
familiar with the goals of the MIRABLE project, its preliminary results described in D1.2 as 
well as main assumptions, terms and conventions. 

3.1.2.2 Summary of the progress 

While the final deliverable D1.3 marks a preliminary end of the conceptual design of the 
system refinements that may become necessary will be documented appropriately during 
implementation and test of the system. 

3.2 Data specification (WP2) 

3.2.1 Objectives of the work package 

This work package aims to develop a data model that describes how energy supply 
and/or demand can be shifted in order to compensate for the unpredictable nature of 
renewable energy sources. Building on the data model messages will be specified that 
allow the different players in the energy field to exchange information on shiftable energy 
loads. 
The aim of the data model that is being developed as part of the MIRACLE project is 
twofold. First, it serves as a means of alignment between the various work packages 
ensuring proper co-operation of all the components involved in the MIRACLE Electricity 
Data Management Systems (EDMS). The concepts developed this work package will be 
directly used by work packages 3 (aggregation) and 5 (scheduling). Second, there is the 
standardization aim; the data model (and the messages that are derived from it) is input 
for an active standardization process which is the subject of work package 7 
(Standardization). 
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3.2.2 Results of the work package 

 

3.2.2.1 Final data model, specification of request and negotiation messages and 
contracts 

This deliverable (D2.3) is an update of deliverable D2.2 which was published in M12. 
D2.2 was an initial version that has been extensively used by various other work 
packages such as WP1, WP3 and WP5. Their experiences with the data model have 
been fed back to WP2. This feedback has been used to improve the data model in D2.3. 
 
Apart from the improvements to the data model itself, two additions have been made. The 
first addition is a section with examples on how flex-offers could be used in practice. 
 
A second addition is an XML schema that was derived from the data model. The purpose 
of the XML schema is to facilitate the implementation of the data model. 
 

3.2.2.2 Summary of the progress 

The first part of the year was used by WP1, 3 and 5 working with the initial version of the 
data model. Their feedback was collected in order to improve the model. In addition to 
that the WP1 deliverables were analysed to see ensure alignment between WP1 and 2. 
This combined input lead to the publication of D2.3 in July. 
 
WP2 has come to an end with the publication of D2.3. However, the flex-offer concept 
continues to be worked on during the standardisation activities in WP7. 

3.3 Data collection and analysis (WP3) 

3.3.1 Objectives of the work package 

The objectives of this work package are to 
1) Model, design, develop and test an efficient and scalable data warehouse solution 

that enables the collection and subsequent analysis of data gathered within the 
context of MIRACLE 

2) Develop and test data warehouse technology that allows the tight and efficient 
integration and analysis of forecasting data with other types of data. 

3.3.2 Results of the work package 

 

First, we have designed a conceptual data model to persistently store data in each node. 
Second, once this model had been designed, we implemented a basic prototype of data 
collection and analysis system. Finally, this prototype was integrated to serve as a part of 
the realistic testing environment.  

3.3.2.1 Basic prototype of data collection and analysis system, including basic 
forecasting integration 

 
Due to the independence of nodes in EDMS, we first focused on its internal structure and 
designed a data model for the Data Management Component (DMC). DMC provides 
access to a persistent storage where all data can be stored. One common data model is 
implemented in all nodes but not necessarily entirely exploited by all nodes.  
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Two primary sources were considered when designing the schema. The deliverable D2.2 
provided an input for modeling flex-offer and metering data. Also, the harmonized energy 
role model was used to model actors, roles, and a structure of the energy market.  
 
In this model, a distinction between static and dynamic data is made. Static data, e.g., 
market areas, TSOs or prosumers, describes the current infrastructure and configuration 
and is initialized during system deployment. It can be later updated but the frequency of 
updates is not too high. Dynamic data, e.g., flex-offers, assignments or weather time 
series, is the result of activities including external actors, e.g., prosumers, and internal 
actors, e.g., analytic components.  
 
A single, unified schema has been designed to store both types of data. It is designed so 
that it can be used to build a relational database. The schema consists of fact tables and 
dimension tables; however it is neither a real star schema nor snowflake schema. It is 
mainly inspired by the star schema modeling, but has certain deviations.  The schema is 
divided into five table groups: (i) actor-role tables, (ii) market area data tables, (ii) flex-
offer tables, (iv) time series tables, and (v) common tables. The first two groups store 
static data whereas the others groups store dynamic data. More precisely:  

- In actor-role tables, all actors and roles that play within the electricity market 
domain are represented by means of dimensions.  

- In market area data tables, the hierarchical structure of the energy market is 
represented by means of dimension tables that correspond to the well-known 
terms from the Harmonized Model. 

- In flex-offer tables, flex-offers are represented by means of a fact table and its 
related dimension tables, e.g., state, aggregation level or profile-interval. 

- In time series tables, time series are represented by means of a fact table and its 
related dimension tables, e.g., type that specifies the nature of the time series 
(undefined, energy, power or price). 

- Finally, common tables store data that are used by the previously described 
groups, e.g., time interval or aggregation level. 

 
It should be added that some additional data related to the forecasting and scheduling 
components are additionally stored since it is needed by the analytics components. The 
conceptual schema is very detailed in deliverable D1.3. 
 
At the lowest level of EDMS many micro flex-offers will be issued. Thus, scheduling this 
huge amount of micro flex-offers is unrealistic and motivates the design of an aggregation 
component (AC) in every node of the EDMS. More precisely, the objective of this 
component is two-fold. First, it should allow simplifying the scheduling by providing fewer 
flex-offers. Second, it should drastically reduce the communication cost between the 
nodes of EDMS. The AC is in charge of both aggregation and disaggregation of flex-
offers. As detailed in the deliverable D3.2, it has to meet two requirements: the 
aggregation correctness and the unambiguously disaggregation. An implementation of 
the static lossy aggregation and disaggregation techniques described in the deliverable 
D3.2 has been realized this year.  
 
The implemented AC offers 2 types of flex-offer aggregation: sequential and incremental. 
Sequential aggregation allows for aggregating a single set of flex-offers is into a single 
(smaller) set of aggregated flex-offers based on specified aggregation parameters. 
Alternatively, the incremental approach breaks this singularity constraint and allows for 
handling continuous queries, i.e., where we keep the same aggregation parameters 
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constant all the time, but vary only a pool of micro flex-offers that need to be aggregated.   
To do so, the AC maintains 2 pools of micro and macro (aggregated) flex-offers 
respectively. It accepts information about inserts and deletes to/from the pool of micro 
flex-offers, and notifies about the changes in the macro flex-offer pool, i.e., tells if some 
macro flex-offer (aggregate) were created or deleted. Additionally, the component can 
notify other components about changes (with significant difference) of macro flex-offer 
when using the incremental approach. 
 
Then, we implemented a basic prototype of data collection and analysis system including 
basic forecasting integration. In this task, we used results and requirements from other 
work packages in order to (i) develop the required functionality for data analyses, (ii) 
integrate these contributions into a scalable data warehouse solution for the collection 
and analysis of such consumption and contract/negotiation data, and (iii) test this solution 
to validate it with respect to both functionality and performance. Result of this 
implementation can be found in the deliverable D3.3. Main characteristics of this 
implementation are listed below: 

- A script generating the above-described database is provided. 
- A DMC is implemented (see deliverable D3.2 for more details). 
- The above described AC is implemented 
- A basic forecasting component is integrated to the prototype.  
- Some DMC and AC testing utilities, e.g., a flex-offer generator, a flex-offer 

visualizer and unit tests for AC scripts, are provided. 
 

3.4 Forecasting (WP4) 

For real-time scheduling of energy demand and supply flex-offers within Mirabel, accurate 
and efficient forecasting of energy demand and supply is a fundamental precondition in 
order to take into account the future behaviour of energy demand as well as energy 
supply of renewable energy sources (RES). In this section, we briefly describe the main 
objectives of forecasting within the Mirabel project as well as the work package progress 
in terms of concrete results, we have achieved so far.  

3.4.1 Objectives of the work package 

The general objective of this work package is the development of a general forecasting 
approach for energy consumption and production, which is tailor-made for the specific 
requirements of real-time scheduling in terms of necessary functionality and the intended 
system architecture of the Mirabel project. In detail, this includes the following more 
concrete objectives: 

 Review and adaptation of state-of-the-art forecast approaches for their application 
within the Mirabel project, 

 General Mirabel forecasting approach with regard to the roles and processes of 
scheduling energy demand and supply in a distributed system architecture, 

 Accurate forecast model types, tailor-made for forecasting energy demand and 
supply as well as flex-offer forecasting, 

 Efficient forecast model maintenance strategies, 

 System architecture integration (in particular with regard to scheduling and 
aggregation), and 

 Integration of external information such as weather and sensor information for 
higher accuracy of forecasting. 



MIRACLE WP7 Standardization, Dissemination and exploitation 

Deliverable D7.6 Yearly public report for the second year 

 

 
MIRACLE_Yearly_public_report_2011.docx Public Page 7 

Copyright   MIRACLE Consortium 2010-2012 

 

 

3.4.2 Results of the work package 

Within our first three deliverables D4.1, D4.2 and D4.3, we have developed the general 
Mirabel forecasting approach. Essentially, we follow the traditional approach of model-
based forecasting that relies on the steps model identification (select the forecast model), 
model estimation (determine the model parameters), and forecasting (use the trained 
model for short-term and mid-term predictions), model evaluation (evaluate the error of 
the forecast model), and model adaptation (decrease the error by adjusting the forecast 
model). We have developed different strategies and optimizations for each of these 
steps. Within the deliverable D4.4 the developed concepts were integrated into an initial 
prototype. 
 

3.4.2.1 Initial prototype of request-based forecasting and concept for system 
architecture integration 

Following the traditional approach of model-based forecasting, our system architecture 
consists of three core functionalities (1) creating forecast models, (2) obtaining forecast 
values and (3) updating forecast models. In addition, interfaces for retrieving meta data 
information (e.g., model descriptions, evaluation techniques) and for configuration (e.g., 
set optimization level, maintenance level) are offered by the forecasting component. In 
the following, we will shortly summarize each of the core functionalities and discuss the 
integration into the overall Mirabel architecture. 
 
Creating Forecast Models 
We offer the explicit creation of a forecast model for a given time series ID. This will be 
usually done when a new Mirabel node is created or the scope of an existing one is 
changed. The model creation component applies our defined model types from D4.2, 
namely (1) the EGRV-Model (Engle, Granger, Ramanathan, and Vahid-Arraghi) and the 
(2) HWT-Model (Triple Seasonal Holt Winters). While the EGRV-Model is our primary 
model type, we use the HWT-Model as a robust fall-back strategy for time-series with 
strong fluctuations. In addition, external information can be provided and included into the 
models (e.g., wind speed). Model creation involves parameter estimation, which is 
handled by the parameter estimation component. Here, we include local (e.g., Nelder-
Mead) as well as global (e.g., Simulated Annealing) parameter estimators. Finally, the 
created forecast model is stored by the model manager in a common model pool. In 
addition to creating forecast models for a single time series, we offer the creation of 
forecast models for a composite (not observable) time series. In this case, the 
corresponding time series IDs as well as a composition rule have to be provided. 
 
Obtaining Forecast Values 
We offer two different interaction schemes to obtain forecast values. First, forecast values 
can be periodically requested by the control component. For this, the corresponding 
model and the forecast horizon have to be provided. However, the control component 
might not always need or even not want to have the most up-to-date forecast values as 
every new forecast value triggers the computationally expensive maintenance of 
scheduling. Only if forecast values change significantly, notifications are required. 
Therefore, in addition to explicitly requesting forecast values, we offer a subscription-
based interaction scheme. A forecast subscription specifies a forecast model as well as 
minimum forecast horizon and an error threshold. To minimize runtime overhead of 
scheduling, notifications with new forecast values are only sent if necessary.  
 
Updating Forecast Models 
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Whenever new measurements are received by the control component, the corresponding 
forecast models need to be updated, evaluated and possible maintained. New 
measurements might be either directly exchanged over an interface or via the database. 
The new values are appended to the stored time series and the model state is updated. 
Due to changing time series characteristics, the accuracy of models might be reduced 
over time, which poses the necessity of maintaining models, i.e., adapting the model 
parameters. Maintenance of models can be either triggered explicitly by the control 
component or by the automatic maintenance component. In the second case, the 
accuracy of models is automatically evaluated (where we offer different evaluation 
strategies) for each new measurement and model adaption is started if required. If 
subscriptions are registered, they are checked and the subscriber is notified if required. 
 
Concept for System Architecture Integration 
The forecasting prototype can be easily integrated into the overall Mirabel architecture. 
Whenever new measurement are received by the control component, either a new 
forecast model needs to be created (if no model exists yet for the given message type) or 
we need to identify the concerning model and update/maintain it. Forecast values can be 
provided to the control component by the two described interaction schemes. For all 
functionalities (update, get, notify), data can either be exchanged directly over the 
corresponding interface or via the database. In addition, models and forecasts can be 
explicitly stored in the database. 
 

3.4.2.2 Summary of the progress 

To summarize, the results of deliverable D4.4 comprise an initial prototype that integrates 
the concepts developed in the previous deliverables. This includes different model types 
and strategies to create forecast models, two interaction schemes to obtain forecast 
values and an automatic maintenance component that adapts models when new 
measurements arrive.  
 
As future work, we need to perform an exhaustive experimental evaluation and parameter 
analysis to test the prototype, particularly with regard to the integration into the overall 
system. Furthermore, external sources need to be integrated into the overall Mirabel 
system, which is part of the final deliverable D4.5. In addition, we plan to further 
investigate the forecast models and maintenance strategies with regard to enhancing 
their accuracy and efficiency. 

3.5 Scheduling and Negotiation (WP5) 

3.5.1 Objectives of the work package  

The Work Package 5 (WP5) deals with scheduling and negotiation in the Mirabel system 
architecture. The objectives of this work package are to specify a framework to schedule 
energy production and consumption for a required period, specify a negotiation 
framework, implement and integrate the two frameworks, and validate them on real data 
from the project trial cases.  

3.5.2 Results of the work package  

The results of this work package for the last year were described in three deliverables:  
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 D5.3 Initial draft of the scheduling and negotiation framework. Here we developed 
main principles for integrating scheduling and negotiation as well as designed a 
conceptual model for these two components.  

 D5.4 Final draft of the scheduling and negotiation framework. Here we extended 
and finalized the initial draft by solving many specific problems and introducing an 
event-driven architecture for their integration.  

 D5.5 Basic integrated scheduling and negotiation framework. The results 
described in the two previous deliverables were implemented as a prototype 
system integrating the scheduling and negotiation components.  

These results are described in more detail in the next three subsections.  

3.5.2.1 Initial draft of the scheduling and negotiation framework  

The initial draft provides an overview of the scheduling and negotiation processes from 
the point of view of the Balance Responsible Party (BRP), and presents the three 
developed framework modules in the order of their activation:  

 First, it introduces the negotiation module responsible for accepting flex-offers for 
further processing with aggregation, scheduling and disaggregation. Its 
description includes the acceptance criteria, discussion of the price-based 
acceptance, and information on its implementation and the way of tuning the 
acceptance threshold.  

 Second, the document describes how the scheduling module schedules the 
aggregated flex-offers, i.e. fixes their time and energy flexibilities, where the focus 
is on the problem formulation, description of the two proposed scheduling 
algorithms, their draft implementation, and experimental evaluation in view of 
solution quality and computational efficiency.  

 Third, the negotiation module responsible for fixing the flex-offer price flexibilities 
after scheduling and disaggregation is presented. Once this module is applied to 
flex-offers, all of their flexibilities are fixed. We describe the factors affecting the 
price, the way of combining these factors and tuning their combination in the initial 
implementation.  

 
The scheduling module deals with fixing not only the time but also the energy amount 
flexibilities of the accepted and aggregated flex-offers. The specification includes the 
optimization problem formulation, two algorithms for solving the problem, i.e. a 
deterministic greedy search algorithm and a stochastic evolutionary algorithm, together 
with a lower bound estimate. The initial implementation of the scheduling framework is 
described which includes the scheduling module and the input data generator needed for 
running and testing the scheduling module. The scheduling module was experimentally 
evaluated on several test problem instances, both from the point of view of the solution 
quality and the impact of the problem complexity, expressed by the number of flex-offers, 
on the efficiency of the scheduling algorithms. Two main findings of the evaluation are as 
follows: 

 On smaller problem instances where both draft scheduling algorithms can be 
applied the evolutionary algorithm regularly outperforms the greedy search 
algorithm,  

 Regarding the efficiency, on problem instances of 1000 flex-offers the evolutionary 
algorithm converges in a few seconds and on 10 000 flex-offers within 100 to 200 
seconds. These initial results together with possibilities for further algorithm 
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improvements indicate the near-real-time performance of the Mirabel scheduling 
module is achievable.  

3.5.2.2 Final draft of the scheduling and negotiation framework  

We provided the final draft of the scheduling and negotiation framework. The framework 
relies on the notions and principles of the Mirabel system architecture, developed to 
integrate the Mirabel components within one node as the minimum unit of deployment of 
the Mirabel system.  
 
The task of the scheduling component is to fix time and energy flexibilities of flex-offers 
and set the energy of market flex-offers so that the cost for the BRP is minimized. The 
work on the scheduling component consisted of the formulation of the Mirabel scheduling 
problem in the form of a cost minimization problem, specification of the sketch of the 
optimization procedure, specification of variants of the scheduling algorithm, 
implementation of the scheduling component and its experimental evaluation. 
 
Specifically, the scheduling component receives the current mismatch, imbalance prices, 
a list of flex-offers and market flex-offers, as well as starting and ending time for the 
scheduling interval. It then performs scheduling with the goal to minimize mismatch and 
total costs on the market. A randomized greedy search (GS) algorithm and an 
evolutionary algorithm (EA) were implemented as scheduling algorithms and random 
search (RS) added for the sake of comparison. Experimental evaluation was performed 
on two realistic problem scenarios, day-ahead scheduling and intra-day scheduling. It 
was analysed how the developed algorithms cope with the problem complexity in terms of 
the number of flex-offers to be scheduled. Figure 1 illustrates the results for intra-day 
scheduling on four test problems with various numbers of flex-offers. 
 

 

Figure 1: Performance of optimization algorithms in intra-day scheduling 
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The key findings of the experimental evaluation were that both randomized greedy search 
and evolutionary algorithm perform well in day-ahead and intra-day scheduling. While on 
smaller problem instances the evolutionary algorithm quickly outperforms randomized 
greedy search, for the problem instances with 10 000 flex-offers a decision needs to be 
made on the trade-off between the time spent for optimization and the quality of the best 
found solutions. Moreover, regarding the scalability, it was observed that scheduling 
problems with thousands of flex-offers can be solved efficiently. To deal with larger 
problems, a proper degree of flex-offer aggregation should be used before the flex-offers 
are submitted for scheduling. 
 
Following the conceptual design developed in previous deliverables, an event-driven 
architecture of the Mirabel node was introduced which is defined in terms of system state, 
events and processes. Two types of processes were described: state change processes 
which process external events resulting in some state change like new flex-offer or 
forecast change, and active processes which perform actions aimed at achieving some 
business goal like decreasing mismatch. The notion of mismatch was defined as a 
forecasted imbalance. This architecture is used as a basis for integrating all components 
of the system including scheduling and negotiation components.  
 
The negotiation component is implemented as an integral part of the control component 
and it has two major functions: acceptance and price setting. When a flex-offer is 
received by the BRP, a decision has to be made by the negotiation component whether 
to accept or reject it. We describe the acceptance procedure implemented by the 
negotiation component which is responsible for making a decision about acceptance or 
rejection. When a flex-offer is about to be assigned, it is necessary to set its price, and 
this procedure is also implemented by the negotiation component. 
 
The final draft extends the initial draft by solving a number of problems raised during its 
development. In particular, the following features have been added to the initial version:  

 implementing more sophisticated flex-offer acceptance and price-fixing 
procedures  

 considering initial flex-offer prices different from those assumed now in calculating 
the scheduling objective  

 involving additional constraints, such as the peak energy resulting from the 
schedules, to take into account the network capacity limitations  

 possible design of a more realistic lower bound estimate to get a better insight into 
the effectiveness of the scheduling algorithms  

 modification of the greedy search algorithm to operate as anytime algorithm  

 improving the effectiveness and efficiency of the evolutionary scheduling algorithm 
by introducing specialized variation operators and systematically tuning its 
parameters  

 implementing and testing additional scheduling algorithms  

3.5.2.3 Basic integrated scheduling and negotiation framework  

We implemented a prototype providing a basic integration of the scheduling and 
negotiation components. The prototype implements two major tests which execute a 
minimal integration scenario:  

 Issuing flex-offers by a Prosumer and receiving by a BRP. This test is 
implemented by the SchedulingIntegrationTest class in the tests of module 
control-brp. It does not involve any communication using messages and aims at 
testing the internal business logic.  
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 Acceptance and scheduling by a BRP. This test is implemented by the 
AcceptanceProcessTest class in the tests of module integration-tests. It simulates 
a Prosumer and a BRP that communicate via messages over a network.  

 
The tests implemented by the prototype confirm that various expected state changes 
occur during the entire scenario including the expected reduction of the mismatch by 
using the scheduling component. This prototype will be used for integrating other 
components.  
 
During the integration phase, we implemented, integrated and tested the basic version of 
the scheduling and negotiation components. For this purpose, we implemented the 
following Java classes: 

 scheduling component including exhaustive search, random search, greedy 
search, evolutionary algorithm, and the scheduling component interface, 

 negotiation component with an appropriate interface, 

 classes for integration of scheduling and negotiation components,  

 initial implementation of core data structures, such as flex-offer, flex-schedule and 
flex-contract, 

 initial implementation of other data structures, such as mismatch, pool of accepted 
flex-offers, and pool of assigned flex-offers,  

 basic control component integrated with the scheduling and negotiation 
components,  

 basic communication service including messages, such as acceptance and 
assignment flex-offer messages, 

 initial test environment including Junit test classes for all Java classes, basic 
prosumer node, and initial flex-offer data generator. 

 
In addition to the Java classes, the JavaDoc documentation was generated including the 
description of the Java classes, functions and their parameters. Finally, instructions for 
compiling and testing the code with Junit tests was produced.   
 

3.5.3 Summary of the progress  

The work under WP5 was carried out according to the plan. We produced the initial and 
the final draft of the scheduling and negotiation framework that is based on the event-
driven architecture of the Mirabel system node developed in previous deliverables.  
 
This architecture was implemented as a prototype by integrating the scheduling and 
negotiation components. This prototype was used for testing and tuning various 
alternative design decisions and parameters of these components as well as for 
developing and testing the messaging infrastructure provided by the communication 
component. 
 
We implemented a basic integration of the scheduling and negotiation components and 
carried out several tests to demonstrate that it can serve as a basis for the final integrated 
scheduling and negotiation framework.  
 
All goals of this work package have been achieved and deliverables finished according to 
the plan. The next goal is to build the final integrated scheduling and negotiation 
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framework in D5.6 (to be delivered in M28) as well as using this prototype in WP6 for 
implementing trial use cases.  

3.6 Trial test integration & validation (WP6) 

3.6.1 Objectives of the work package 

The objective of this work package is the creation of an appropriate realistic environment 
in which the developed system methodology and algorithms can be deployed and 
evaluated under trial test conditions. The testing environment should allow a broad range 
of external parties to connect their equipment and applications to the environment and 
also to evaluate the impact of the developed technology on the roles in the MIRACLE 
energy scenarios: More specifically:  

 For TSOs the possible use of aggregated energy supply/consumptions data on 
forecasting for the improvement of scheduling and of the energy insertions into the 
grid.  

 For LDEs the possible use of improved real-time data on energy-price supply and 
demand for the improvement of the trading business processes and to the 
optimisation of the energy generation process.  

 For community consumers the possible use of data on energy-price supply and 
demand for reducing energy costs including the derived functional requirements and 
constraints for IPM for making best use of its role as an active agent on the grid 

3.6.2 Results of the work package 

Trial test integration & validation in year 2011 dealt with the tasks T6.2 “specification and 
design of the trial cases”, T6.3 “Development of the simulated testing environment” and 
T6.4 “Integration of the prototype for the testing”. The first two tasks finished with the 
deliveries D6.2 and D6.3, while the task T6.4 is according to the plan tended to be 
finished in June 2012. The trial cases designed and the simulation environment used for 
the testing of the Mirabel solution follows the strategic impact defined in the Description of 
Work, which is planned to enable increase of the integrated share of the RES reduction of 
the peak demand. The environment, tools and testing scenarios are prepared to start the 
validation of the Mirabel solution. 
 

3.6.2.1 Specification and Design of trial cases 

The delivery describes and resolves the issues necessary to execute the testing and 
provide the laboratory evaluation of the Mirabel solution. That includes description of the 
scenarios for the trial cases, definition of the testing environment and the definition of the 
evaluation criteria. 
 
The description of the testing environment describes the boundary roles and their 
functionalities, which are not part of the solution but are necessary for the test execution. 
In that manner the delivery defines the models for the controlled production, the external 
markets and the consumption flexibilities. 
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The models for boundary roles “consumer”, “producer”, “external market” and “TSO” 
include the communication and models of the internal processes. The communication 
consists of the measurements (RES, consumption, market data), which are collected from 
the real environment, Mirabel communication (flex-offer messages) and model of the 
standard communication used among electricity market participants.  
 
The consumption, which consists of the households and industrial consumption, is 
modeled by the open contract consumption presented by the measurements from the real 
environment and controllable flexible consumption. The flexibilities are based on the 
appliance model. At the household the flexibility model is based on general appliance, the 
size of which is proportional to the average consumption. For the industrial consumers 
the flexibilities are applied to the real appliances.  
 
The model of the controlled production represents some generic production portfolio 
designed to balance the consumption in the optimal way. The controlled production 
model consists of the power plants of the two types: base load power plant and peaking 
power plant. The model of the external market supports the day ahead and intra-day 
market. Since no real electricity grid is in the simulation environment and no grid 
constraints are in the environment, the TSO tasks are reduced to the covering of the 
imbalances between production and consumption. 
 
The scenarios for the trial cases follow the tension of exposing the benefits of the Mirabel 
solution for the typical actors of the electricity energy system: the transmission system 
operator (TSO), the local distributor of the energy (LDE) and the household community. 
The scenarios reflect the findings from the previous deliveries of the project about the 
roles and processes, like the TSO uses the consumption flexibilities through the balance 

Figure 2: Test Environment Roles 
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market and the LDE or household community needs to take a role of the balance 
responsibility party for using the solution and interacting on the electricity market. The 
scenarios are adapted to the full simulation environment for the LDE and TSO trial cases, 
and for the micro-grid test lab for the household community trial case. 
 
The test plan included enables the validation of the Mirabel solution according to the 
project goals. It is formed to plan the testing equipment capacity and schedule the test 
execution according to the time frame available. The test plan consists of the list of the 
test need to be executed with the test configuration and values of the variation 
parameters. The tests do not have direct dependency on each other and are of different 
complexity. 
 
The test plan is generated separately for 
- The simulation environment for the TSO and LDE test case 
- The CRES micro-grid for the community consumers trial case 
 
Each plan consists from its own list of variation parameters and its own test duration. The 
test scenarios consist of several different variation parameter values to enable the study 
of the parameter impact on the result. The variation parameters are presented in the table 
below. 
 

Table 1:  Variation parameters in simulation environment 

Parameter Min val Max val Step 

Wind 0 30% 3%-5% 

PV 0 30% 3%-5% 

Flexibility amount Min (6 %) Max (15 %) Med(10%) 

Flexibility time Min (4 hour) Max(12 hour) Med(8hour) 

Unpredictability 0 50% 10%-20% 

Testing interval 24 h 365 days - 

 
 
The delivery defines the indicators for the evaluation of the testing results, which follows 
the strategic impact from the DoW. The evaluation criteria are used to estimate the effect 
provided by the Mirabel product on the consumption of the electricity energy. They are in 
the form of the key performance indicators (KPI), which are evaluating several aspects of 
the Mirabel solution influence on the electricity production, consumption and the balance 
between them. The expected benefits have some cost reduction consequence which is 
needed to be shared among all the roles involved.  
 
The main indicators are peak demand criteria, estimating the reduction of the overall 
consumption peak, and imbalance indicator, which evaluates the energy amount 
intervened by the TSO. Additionally also the amount of the BRP penalties, consumer 
costs and optimal production portfolio are evaluated numerically. The evaluation is 
provided with the comparison of the testing result with the reference data and that 
provides the measure of the Mirabel solution impact on the electricity energy system.  
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- Beside the simulation environment also the testing on the CRES micro-grid test lab is 
specified and designed. In addition to the testing scenarios and modeling of the 
boundary roles also the design of the communication and control of the real 
consumption and production appliances is provided. The delivery assigns a separate 
chapter describing the design of the communication between the Mirabel testing 
environment and CRES test lab and the control of the concrete Prosumer loads and 
generators like batteries, heat pump, etc. 
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Figure 3: Mirabel Simulation Environment 
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3.6.2.2 Specification, design and implementation of simulated test environment 

A simulated test environment has been implemented according to the trial cases that had 
been specified and designed in the deliverable D6.2. It includes the general description of 
the Testing Environment design and contains essential prerequisites needed to run a 
single instance of the Mirabel trial-case simulation. Result of this implementation can be 
found in the deliverable D6.3.  
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Figure 4: Testing Environment 

The Testing Environment consists of the following building blocks:  

 Test EDMS Shell 

 Test EDMS Controller 

 Multi-Prosumer Node 

 External Tools 

The Test EDMS Shell is the front-end of the Testing Environment. It allows starting and 
stopping Mirabel trial simulations, iteratively observing the state of the execution, and 
invoking external tools to analyse the temporary or final result of a simulation. 
 
The Test EDMS Controller is the central element of the Testing Environment. It 
represents a real EDMS with a large amount of interacting nodes. It is a generic Test 
EDMS Controller, which has to be customized and adapted for a particular Mirabel trial-
case.  
 
The Multi-Prosumer node is a virtual EDMS node acting on behalf of many Prosumers. It 
does not exist in a real EDMS setting, and it is only needed to speed-up Mirabel tests.   
 
External tools are also a part of the Mirabel Testing Environment. They include script and 
programs to generate needed data, prepare/manage the Mirabel database, and to 
analyse initial data and results. 
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All these building blocks of the Testing Environment are depicted in grey in 

Martet Operator 
Node

TSO Node

MirabelDB

Test Nodes

Test EDMS 
Controller

Initialize/
Control

uses

Multi-Prosumer 
Node

BRP/BS Node

Test EDMS Shell

Interacts

External Tools

invokes

uses

... ...

. The figure also visualizes other objects, namely testing nodes and database, which are 
not part of the Testing Environment, but they interact very tightly with it. For example, all 
testing nodes use the global clock provided by the Test EDMS Controller to get a current 
time (real or controlled) and thus to synchronize their actions and events.  
 
The Testing Environment is designed to be flexibly extended and customized for a 
particular Mirabel trial case.  

3.6.3 Summary of the progress 

The deliveries of the work package WP6 Trial test integration & validation in year 2011 
D6.2 “specification and design of the trial cases” andD6.3 “Development of the simulated 
testing environment” were finished according to the schedule. The integration task T6.4 
“Integration of the prototype for the testing” is in progress preparing the environment for 
to start the execution of the testing tasks T.6.5 – T6.7 at the beginning of the year 2012. 

3.7 Standardization (WP7) 

3.7.1 Objectives of the work package 

This work package runs in parallel with the other packages during almost the entire 
lifecycle of the project and focuses on standardisation, dissemination and exploitation of 
the project results. Its main objectives include the preparation of specifications and 
proposals for a formal standard to be maintained even after the project’s lifetime, the 
widest possible dissemination of project results to both the research community and 
industrial parties, and the analysis of further exploitation methods, including the drafting 
of appropriate exploitation plans. 
 
It is important to note that this WP covers the combined efforts of all partners. While the 
respective task leaders are responsible to ensure that necessary actions are coordinated 
appropriately, all other partners will nevertheless contribute to these tasks with their very 
individual dissemination & exploitation efforts. In accordance with the package’s title, the 
involved partners will be assigned to the three task forces 

 Standardisation 
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 Dissemination 

 Exploitation. 

  
The standardisation task force aims to deliver a specification that (1) can be used as a 
thorough basis for a formal standard of a European standardisation body, and (2) is 
supported by the main industry and government stakeholders in the area of energy 
supply and demand. We will arrange for reviews by external stakeholders and integrate 
their suggestions into a formal standard proposal. The review procedure is of an open 
design and vital for industry commitment. We need to ensure that a standardisation body 
takes responsibility for our standards beyond the lifetime of the Mirabel project. For this 
purpose, a concrete roadmap will be defined to help us organise both the preparation of 
our standardisation efforts and the actual standardisation activities. 
 
In order to obtain an open standard for the events involved with data aggregation and 
control of energy demand and supply, we collect the specifications from other work 
packages and transform them into a consistent set of standard documents. Thereby, our 
focus is to select those parts that should eventually form the formal standard and 
combine them into a complete, correct, compact and non-ambiguous standardisation 
proposal. This means that WP7 will not add technical details to the specifications from 
other work packages. Instead, we organise the process of generating a first-draft 
standard specification such that there is consensus among the partners within the project. 
This initial version is then used as a basis for discussion with external stakeholders. In 
order to get an open standard specification that can be easily adopted as a standard after 
the lifetime of the project, these external stakeholders are invited to participate actively in 
bringing in requests for changes. Once request for changes have been collected, 
decisions will be made on whether or not they will be accepted. Thereby, the technical 
know-how of partners involved in WP1 and WP2 is needed, and based on their 
evaluation of the requests for change, a new version of the Mirabel standard will be 
developed. 
The dissemination task force will ensure that Mirabel project results are published and 
disseminated on the widest level possible, both in the scientific and the industrial 
community. This includes appropriate quality assurance processes and the preparation of 
roadmaps to spend our budget as efficiently as possible while reaching the broadest 
possible audience at the same time. 
 
The exploitation task force, finally, is responsible to prepare and coordinate appropriate 
exploitation activities in order to ensure that Mirabel results will have a lasting impact on 
existing and future products and services long beyond the lifetime of the Mirabel project. 
For this purpose, potential exploitation venues and projects/products will be evaluated for 
their suitability and respective actions will be initiated. 

3.7.2 Results of the work package 

The results of dissemination and exploitation are described in separate chapters. 

3.7.2.1 Mirabel-ONE 

Deliverable D7.5 will be delivered according to plan in December 2011. It presents the 
Mirabel specifications on information exchange around management of energy demand 
and supply to be considered for standardisation at a European standardisation 
organisation. As a result of the roadmap in D7.1, CEN/CENELEC has been selected as 
the target standardisation organisation. The Mirabel project has strived in 2011 to set-up 
and start a so-called CEN Workshop that produces a CEN Workshop Agreement (CWA) 
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as the standardisation product at the end of the project. More about the status of this 
CEN Workshop can be found in the next section. 
 
The Mirabel-ONE specification is meant to be used as input to this CEN Workshop. The 
document describes the background and the scope of the specification and it collects the 
main results from Mirabel WP1 and WP2, i.e. (1) the roles and processes considered, (2) 
the main information exchange in these processes between the various 
roles/stakeholders, (3) the common data model that is used to describe flex-offers as the 
means to describe flexibility in energy demand and supply, and (4) the specific flex-offer 
related messages in UML-based models and languages as well as in XML. Mirabel-ONE 
is meant as a self-contained document with as less as possible references to other 
Mirabel documents in order to use it as input to the CEN Workshop that assembles 
stakeholders that are not involved in the Mirabel work. 
 

3.7.2.2 CWA Business plan 

The Mirabel project has strived in 2011 to start a CEN Workshop that produces a CEN 
Workshop Agreement (CWA) as the standardisation product at the end of the project. 
Thereby, the CWA process should be aligned with the original planning of the WP7 
deliverables of Mirabel. This resulting CWA can be used after the lifetime of the Mirabel 
project as a basis for further standardisation towards a European Norm (EN), which is the 
highest level of formal standardisation to be achieved within Europe. 
 
In order to start the CEN Workshop an extension proposal to the Mirabel project has 
been written en submitted to the EC in January 2011. A new partner to the project has 
been involved in the set-up of this proposal. This partner is AFNOR in France, which is 
the French national standardisation body for the European CEN/CENELEC 
standardisation body. The role of AFNOR in the extension proposal is to execute the 
secretariat for the CEN Workshop. The extension proposal has been accepted by the EC 
in June 2011.  
 
Based on this acceptance, the preparations of the CEN Workshop started in July 2011 by 
writing a new Mirabel deliverable D7.11, the CWA Business Plan. The business plan 
contains the scope of the CEN Workshop, the ideas behind the specification to be 
standardized, the relationships with other current standardisation activities, the 
stakeholders to be involved in the CEN Workshop and the resources and time planning 
involved. The business plan has been delivered in a final draft version in August 2011 
and is since then ready for formal submission to CEN/CENELEC. Nevertheless, it has not 
been formally submitted to CEN/CENELEC yet, because the formal contract with the EC 
for the extension of Mirabel in which the CEN Workshop activities are executed is not yet 
signed. 
 

3.7.3 Summary of the progress 

In 2011, WP7 has organised and set-up a plan for a CEN Workshop. We are ready to 
start this workshop based on the Mirabel-ONE specification. In order to involve the most 
interesting stakeholders in Europe to join this workshop, a Mirabel promotion tour has 
been started in the Fall of 2011. In the various countries of the Mirabel partners, 
important stakeholders have been contacted and visited. During these visits, their 
opinions about the Mirabel specification have been discussed and their interest in joining 
the CEN Workshop has been inventoried. The current situation is that especially in The 
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Netherlands, Denmark and Germany various stakeholders are interested to join the 
workshop. The next step is the formal green light from the EC and CEN/CENELEC to 
start the workshop. 
 
In the meantime, connections have been made with the CEN/CENELEC/ETSI Smart Grid 
Coordination Group (SGCG) that is formed to respond to mandate M/490 of the EC. In 
this mandate, the 3 ESO’s are asked to boost the smart grid standardisation in Europe. 
As a result, 4 working groups are formed and Mirabel representatives have joined the 
working group on Smart Grid Reference Architecture and have close contacts with the 
working group on a First Set of Standards to be standardised during 2012. The main 
objective for Mirabel here is to keep track of the formal standardisation activities in smart 
grid related Technical Committees of CEN/CENELEC and to judge whether and when it is 
a good moment to push the Mirabel-ONE or TWO specification towards these TC’s. 
 
The execution of the CEN Workshop and the tracking of the SGCG M/490 working 
groups are WP7 activities that will be prolonged during 2012. 

4 Dissemination in 2011 

The dissemination activities are undertaken in each of the different work packages. This 
has led to a website, some publications, cooperation with other initiatives and with 
standardisation bodies. See section 4 for more details. 

4.1 Website 

The Mirabel website is accessible via http://www.mirabel-project.eu/. It contains general 
information about the project, the consortium and summaries of deliverables and other 
publications. It has been updated with a section of the technologies developed in Mirabel. 

4.2 Publications 

 

- Tea Tušar, Erik Dovgan, Bogdan Filipič: Scheduling of flexible electricity production 
and consumption in a future energy data management system: problem formulation. 
In: Proceedings of the 14th International Multiconference Information Society - IS 
2011, Ljubljana, Slovenia, 2011. 

- Jack Verhoosel, Frens-Jan Rumph and Mente Konsman: Modeling of Flexibility in 
Electricity Demand and Supply for Renewables Integration. In: 2nd Workshop on 
eeBuildings Data Models, Sophia Antipolis, France, 2011. 

- Gregor Černe, Zoran Marinšek, Mitja Bizjak, Usage of the demand response with the 
consumption and distributed production of the electricity energy, VITEL 12.5.2011, 
Brdo pri Kranju Slovenia. 

- Zoran Marinšek, Gregor Černe, Roles and Processes Model for Electricity Market 
Trading Processes in Europe, DEMSEE, 26.9.2011, Bled, Slovenia 

- Ulrike Fischer, Matthias Böhm, Wolfgang Lehner: Offline Design Tuning for 
Hierarchies of Forecast Models. In: Proceedings der 14. GI-Fachtagung für 
Datenbanksysteme in Business, Technology und Web (BTW 2011, February 28 - 
March 4, 2011, Kaiserslautern, Germany), 2011. 

- L. Dannecker, M. Böhm, W. Lehner, G. Hackenbroich: Forcasting Evolving Time 

Series of Energy Demand and Supply; Appears In: Proceedings of the 15th East-

European Conference on Advances in Databases and Information Systems (ADBIS 

2011, Vienna, Austria), 2011. 

http://www.mirabel-project.eu/
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- L. Dannecker, R. Schulze, M. Böhm, W. Lehner, G. Hackenbroich: Context-Aware 

Parameter Estimation for Forecast Models in the Energy Domain; Appears In: 

Proceedings of the 23rd Scientific and Statistical Database Management Conference 

(SSDBM 2011, Portland, OR, USA), 2011. 

4.3 Cooperation with other projects and initiatives 

 On the framework of FP7 capacities RESSOL – MEDBUILD project, RES energy 
experts from the National Energy Research Centre of Jordan (NERC) and from the 
Lebanese Association for Energy Saving & for Environment (ALMEE) have completed 
training courses on the CRES premises. On the sidelines of the experts’ training, 
CRES has introduced to them the Mirabel concept and its principles regarding its 
incorporation to the roles and processes of electricity trading. Moreover, CRES 

disseminated the real test environment where the Mirabel concept will be 
demonstrated. These experts are members of energy organization with 
influence in their countries, which can further disseminate and transfer the 
Mirabel concept to Energy Trading Participants like Balance Responsible 
Parties and Distribution System Operators as well as large RES producers 
outside Europe, to market’s like the Middle East.    

 
 CRES has contacted and briefly introduced the Mirabel concept to the Public 

Power Company of Greece (PP.C) which is the main and dominant electricity supplier 
as well as two newly activated electricity supply companies, ENERGA S.A and 
HELLAS POWER S.A which are licensed to supply low voltage consumers 
(prosumers). PPC is performing the roles of Balance Responsible Party and 
Distribution System Operator in the Greek electricity model where ENERGA and 
HELLAS are licensed BRPs, so their business operation is the target group that 

Mirabel is identifying. CRES, plans to follow up Mirabel evolution to the specific 

stakeholders and more specifically when the trial cases results are visible and 
presentable and when the standard procedure come up with a material which can 
circulated. 

5 Exploitation in 2011 

The goal of our exploitation plan is to create value for all participants and increase the 
competitive advantage of the partners.  
 
Following the integrated exploitation plan trial cases have been identified which allow us 
to validate our approach. With our knowledge of the European energy markets and the 
ETSO role model we have started the roadmap with CEN/CENELEC for a pre-
standardization workshop. A first version of a pre-standard has been developed that will 
serve as input for the workshop. In our trial cases the forecasting implementation is used 
to predict market prices, energy demand and supply. Furthermore our trial cases make 
use of the scheduling implementation for energy demand and supply. 
 
In the first phase of the project knowledge about the European energy markets has been 
built up. In the second phase the core technologies have been developed which will be 
evaluated in the third phase. Meanwhile the industrial and academic partners have 
started their individual knowledge and technology transfer. 
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The MIRABEL project was presented at Invest in Denmark’s Smart Grid Applied 
Conference in October, see http://www.smartgridapplied.com/ There was a lot of interest 
and questions about the flex-offer approach. 
  
AAU, TUD, and SAP have organized a workshop on Energy Data Management (EnDM) 
to be held at the EDBT 2012 conference in Berlin, Germany, March 30. The Call for 
Papers was circulated and the workshop attracted a number of submissions which are 
now under review by a distinguished Program Committee of international top researchers 
within data management and energy informatics. 
 
INEA has published and presented two papers also mentioned in section 4.2. The 
developed Mirabel technologies are also used to enhance the existing KiberNet solution, 
to support further development of the communication with the internal energy 
management system (ECP). Within the ongoing national development project (KC-SURE, 
Competence Centre for efficient use of energy) the virtual power plant is being developed 
which is going to contain the experiences and technologies developed during the project. 
The Mirabel concept was presented to our partner Mitsubishi Electric with the aim to 
disseminate awareness of the technology developed and gain synergy in creating 
opportunities for deployment of the Mirabel based solutions, in pilot or demonstration 
project in Europe. Slovenian BRP’s/DSO’s Elektro Ljubljana, Elektro Maribor, and BRP’s 
Petrol and GEN-I were informed of the Mirabel concepts and of INEA’s plans to steer 
KIBERnet solution next generation systems to incorporate Mirabel technologies; a pilot 
project for enhanced KIBERnet-based VPP is targeted with one of them. 
 
TNO has been working on the transfer of our knowledge towards large, “classical” energy 
companies, particularly network operators and energy suppliers. Specifically, we have 
organized visits to Dutch energy suppliers Essent and Eneco, Dutch distribution system 
operators Alliander and Stedin and Dutch transport system operator Tennet. The goal of 
these visits was to clarify the goal of our project and the specifications that have been 
produced, the business model behind them and to get their interest for our upcoming 
CEN Workshop. Most of these organizations were interested in our specifications, but not 
yet ready for implementation. It seems like a market that still has to grow in adulthood. 
We keep in contact with these organizations for future discussions on the topic and 
potential cooperation or commercial activities with them. 
 
In addition, we tried to contact new, smaller players on the Dutch energy market, such as 
GreenChoice. However, it turned out that they are very much focused on the current 
market and how to get enough share in that based on the new market model in the 
Netherlands. Innovative concepts that take flexibility into account are not yet in their 
plans. With respect to providing support to implementation activities by software 
suppliers, it is too early for such activities as our specifications are just finished and now 
are being put into a standardization trajectory. 
 
SAP used the Mirabel knowledge as input for a market requirement analysis. The 
concepts developed for forecasting are being transferred into prototypes for forecasting 
energy demand. Mirabel’s concepts have been compared to other concepts for demand 
response, such as non-dispatched like strategies time-of-use tariffs, critical peak prices, 
critical peak rebates and dispatched strategies like direct load control, interruptible rates 
and wholesale programs. Mirabel’s concepts are considers very advanced in this field, 
while complementary. Currently Utility companies are busy enrolling smart meters for 
their customers. 

http://www.smartgridapplied.com/
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In 2011 TUD achieved results within all three exploitation strategies described in 
Deliverable 7.3 Section 3.4.3, namely (1) publications, (2) expertise development for 
future research projects and (3) education and teaching. 
In detail, three papers were successfully published at conferences (see Section 4.2) and 
two student theses where completed with promising results. In addition, two phd theses 
are still ongoing including further planned publications as well as ongoing student theses. 
Within the second exploitation goal, a full proposal “Time Series Forecasting for 
Renewable Energy Sources” with Robotron Datenbank-Software (RDS) GmbH Dresden 
was developed and submitted to the Sächsische Aufbaubank (SAB) in December 2011. A 
further proposal for the IBM 2011 Smarter Planet Curriculum Innovation Award involves a 
curriculum on data management in smart grids and was submitted in October 2011. Last, 
a cooperative project was successfully established with the GfK Group that aims to 
develop a methodology for forecasting of panel data in the market research area. It starts 
in January 2011 with duration of one year. 
Finally, several exploitations were achieved in terms of teaching and education. 
MIRABEL was utilized as example use case within the forecasting lectures of the course 
"Data Integration and Analysis" held in summer term 2011 and of the database research 
seminar for bachelor students in winter term 2011/2012. In addition, a student workshop 
"Forecasting in the Energy Domain using Machine Learning Techniques" was carried out 
in summer term 2011. 
 
JSI exploitation activities in 2011 involved paper presentation and publication, lecturing, 
and a project application. JSI researchers have presented the MIRABEL scheduling 
problem formulation at the International Multiconference Information Society 2011. The 
related paper was published in the conference proceedings (see the list of publications in 
D7.6, Section 4.2). In addition, two papers on the design and evaluation of the MIRABEL 
scheduling algorithms were submitted to international conferences. Through lecturing the 
expertise gained in participation in MIRABEL was disseminated in the form of algorithm 
studies and use cases in the university courses Evolutionary Algorithms and 
Multiobjective Optimization and Design held at the Jožef Stefan International 
Postgraduate School. Finally, JSI, together with the MIRABEL partner INEA and the 
Faculty of Electrical Engineering of the University of Ljubljana submitted an application for 
a research project dealing with multiobjective aspects of optimization methodology for 
energy efficiency. 


