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 Executive Summary 

This report examines the integration requirements and lays out a detailed plan for the integration of the 

subcomponents and modules of the ICT platform. We examine the data and functional aspects of the tools 

and identify the gaps that need to be addressed in order to enhance the common infrastructure of the 

system. The description of the initial integration of the DAREED components into a common IT platform is 

given based on preliminary study on the state of the art in the domain of integration approaches and 

software architectures and how this analysis contributed to the identification of the DAREED ontology 

based integrational approach. Following up the hierarchical development of the platform, components 

(architectural elements) and interfaces are defined in each sub-component.  

KIT is designing the data integration among components and managing the development of the functional 

integration of the IT platform. Thereby, the interfaces between the subcomponents of the platform will be 

outlined. Specifically, the integration plan addresses the work achieved previously in WP3, WP4 and WP5. 

 

 State of the Art 

2.1 The concept of software architecture 

Similar to the initial concept of a classical architecture (buildings construction), software architecture defines 

the arrangement of an IT system and its fundamentals. It describes the IT system and covers the steps that 

are necessary to design and build it (from point of the of software architecture view, “system” is a synonym 

of “IT system”1).  

Following one of the established definitions in software engineering, the software architecture shall clarify 

the structure of the particular system, as this may comprise software elements, their properties and 

relationships [1]. Software elements could be represented trough components, subsystems, modules, 

interfaces which boundaries should be designed and set-up within the architecture. Another definition has 

been introduced as ISO standard 1471 by IEEE, which covers the description of software-intensive systems 

where “software-intensive systems are systems whose character is defined to a large extent by software, 

but which do not consist solely of software” [2]. 

                                                      

 

1 Definition of a system: A system is a unit that consists of integrated software and hardware building blocks 

and exists for the purpose of fulfilling a functional objective. To achieve this objective, it communicates with 

its environment and must take account of the conditions defined by the environment. [4] 
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2.1.1 Architectural method in software engineering 

Figure 1 represents an example of a suggested approach for 

building software architecture often used in the practice. The 

DAREED integration plan has been also primary set up 

following this method taking into account that the 

consistency of this process will reflect on a further stage on 

the quality of the entire software architecture and platform 

logic. The activities presented in Figure 1 are based on the 

work of Bass et al. [1] and explained in details in [3]. 

The first, and probably the most important step, is to create a 

system vision that shall evaluate and define the final 

usefulness and essential requirements of the future system. 

If this step is neglected, there is a risk that the final 

realization is unrealistic, non-efficient and not in line with the 

requirements. The initial system vision shall take into 

account organizational constraints, business opportunities 

and objectives. It shall be architecturally feasible because 

the main requirement is that in a specific point of time, the 

system shall be available to be used. This is also one of the 

main challenges in software architecture development – to 

find the best ratio between an operational system that fulfils 

the initial vision and expectations and a fully optimized 

system (from software implementation point of view) that can be very inefficient from an economical point of 

view. 

At a certain point the freedom in the design process is restricted by the set up requirements. Therefore 

“understanding requirements” concerns a phase where priorities are set up and functional and non-

functional requirements are identified. There are several methods (and software solutions) in the software 

design process for requirements management that justify the need to formalize them as much as possible 

and make them tangible, but still requirements are not always documented clearly. The architectural 

method established by [3] states the need to distinguish the significant requirements by refining them and 

prioritizing. The criteria for identification of architecturally significant requirements are the final benefit for 

the system and the related architectural risks. Requirements where the quality of the implementation has a 

big effect on the system or such that were not considered early enough in the architecture design are 

examples for high implementation risk. 

Figure 1: Overview of an architecture method [3] 
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The next analysis and design phase (designing the architecture) is where the functional models of the 

system are created. Influencing factors here could be the system context and the requirements considered. 

Since the basic blocks, responsibilities and interactions are already defined within the architecture vision, 

this phase concentrates on the definition of the technologies and looks more into details regarding logical, 

data, process and deployment view of the system. The Method states that during this phase the core 

responsibilities of each block shall be defined together with the dependences among all interactions and the 

concrete interfaces among the blocks. In the frame of the DAREED project, we have concentrated on the 

identification and formalization of the data management among the architectural components, the interfaces 

relevant for data transfer, the definition of the core technologies and the final assessment of the 

architecture from logical point of view. 

The realization of this logical view of the system is done during the implementation phase which includes 

defining mapping rules, implementing infrastructure and ensuring an efficient collaboration among individual 

developers. Standardized procedures shall define how changes will be integrated and how the entire 

system will be tested. As stated in [4], the architecture shall be clearly communicated with reference to the 

objectives in parallel to those activities. This includes all of the relevant stakeholders – developers, testers, 

end users (when relevant) and managers. This is considered as a crucial step in order to validate the 

requirements, ensure acceptance of the future system and avoid conflicts in decision making. 

2.1.2 Styles in software architectures 

Several styles and different types of software architecture are known in the practice. How to choose “the 

best one” depends on the specific requirements and the initial vision set up finds its place during the design 

phase of the architecture. 

The architectural style defines the patterns of the structural organization and the vocabulary that shall be 

used to define components and connectors, with constraints on how they can be combined [5]. The next 

section describes some of the most common distributed architectural styles. Their analysis is driven by the 

DAREED vision and stresses the purpose of knowledge and complex data management. We can divide the 

distributed architecture styles on two main types: response type systems and message passing type 

systems [6]. 

a) Response type systems: are also known as call oriented systems. The focus is on particular 

operations that are invoked with set of input and output values. However, these types of systems 

do not concentrate on how the output values are produced but on the particular operation to be 

invoked with its set of input and output values. The main architecture styles commonly used within 

this category are:  

a. Object-oriented: are characterized as involving communication with a particular object 

instance, whence the name of the style. Within object-oriented architectures, software 
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engineers use middleware-specific protocols for communication (internet-friendly) to sort 

object references. For this is necessary to have a network call and stable round-trip 

communication. The tight coupling between the client and the server within this style lied to 

the necessity that this approach is used at most for “closed” systems that are controlled by 

a single organization. 

b. Resource-oriented: the foundation of this architectural style lies by retrieving particular 

resource instances (retrieving HTML page using HTTP GET request or data base table row 

using an SQL command).  The resource instances could be identified as “address” 

including URL or where the statement takes place. The time execution could be optimized 

because resource data could be “cached” for later reuse. Multiple copies of the resource 

data could exist as well as further develop and optimize messaging techniques. Therefore 

this approach is used often for “lining and referring” across organizations for read only data. 

c. Service-oriented: is a service (application) oriented style where all messages (or requests) 

are sent to a particular service that is considered as “endpoint” of the system. In contrast to 

the resource-oriented style, no operations for service lifecycle management are foreseen 

(for example: Delete). The main characteristic is that each service has unique interface 

description that defines the message format and creates the link between the client and the 

server. The Service oriented architecture can support request/response and message 

passing systems too and is usually best for “shared” systems crossing organization 

boundaries. 

b) Message passing systems: are data oriented systems. Messages are constructed and sent to a 

particular destination. The focus is on how to dispatch the message and display in correct format 

but not necessary on what will happen in the system after messages are dispatched. Often the 

service-oriented architecture styles are also considered as message-passing systems. 

a. REST (Representational State Transfer): architectural style created especially for web 

services development. The rationale behind is to enable an easier and faster manner to 

make calls between machines (HTTP) and avoid complex and time consuming 

mechanisms such as CORBA or SOAP. From this point of view, the World Wide Web itself 

could be also viewed as a REST-based architecture [7]. The REST approach is one of the 

major resource-oriented approaches to build distributed systems using web technologies. 

The REST-style integration retrieves web resources using URLs. The returned data 

(representation of the resource) is processed to place the client in a particular state. 

Therefore the client application changes state with each resource representation retrieval – 

whence the name of the style “representation state transfer”. 

b. Multi-agent architecture: This style of software architecture is often used for knowledge 

management purposes. “Agents” enable to manage both distributed and local knowledge 

generated by different sources and could be proactive in terms that can learn from own 
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experience. Consequently this system is expected to be more time efficient because 

agents can learn from previous mistakes. Combined with reasoning techniques, such 

system could capture and manage information automatically. The main obstacle is related 

to how knowledge will be introduced to the system [8].  

Combining architecture styles is also technically possible – for example simple data reads could be 

executed according to the resource-oriented approach, but for complex data retrieval operations could be 

applied the service-oriented approach. 

2.1.3 Analysis of architectural approaches 

Several methodologies for evaluating software architecture are described in the literature. However, the 

final usefulness of the adopted software architecture depends on the particular business case and 

requirements. The architectural decisions made in DAREED have been conducted in line with the project 

objectives and also driven by the criteria of architectural feasibility, taking into account that it architecture is 

being delivered (implemented) jointly by 6 different organisations (the technical team) with different level of 

software expertise and internal procedures. Therefore, Table 4 summarises the relevance of the presented 

architectural styles in terms of technical feasibility, knowledge management and conceptual integrity of the 

system. This evaluation has been inspired by the state of the art methodology of Paul Clements [9]. The 

methodology for analysis and evaluation of the suitability defines the steps and possible criteria to follow. 

We have examined some of them in light of the current project objectives, and have concluded that the 

main criteria to consider are related to:  

a) Reliability of the system:  the ability of the system to keep operating over time. Reliability is 

usually measured by mean time to failure. In this particular case we stress on the sustainability of 

the system, having in mind that it is  jointly developed and extended by six different organisations; 

b) Conceptual integrity: “the underlying theme or vision that unifies the design of the system at all 

levels. The architecture should do similar things in similar ways. Conceptual integrity is exemplified 

in an architecture that exhibits consistency, has a small number of data and control mechanisms, 

and uses a small number of patterns throughout to get the job done” [9]. We distinguish in that 

case how every particular architectural style affects the conceptual integrity of the final platform; 

c) Interoperability with third-party software: this criteria is a first priority for the architectural 

decision because it represents the most important requirement of the project vision – the DAREED 

platform should be interoperable by different tools and third party software solutions; 

d) Technology choice freedom: is another criterion linked to the interoperability with other systems. 

The final integration of the system does not have to be dependent on a particular technology 

because one cannot enforce that particular choice on the end-users. Therefore, the architectural 

style should be flexible enough to allow for a technologically transparent integration;  
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e) Multiple exchange formats: the requirement is set up in order to allow the sustainability of the 

platform and ensure constant integration with new interfaces, new data entities, etc., with 

minimum implementation effort. That also includes choosing open and well-documented exchange 

formats.  

 

Table 4: Summary of software architecture styles 

Type 

Main requirements 

Interoperability 
with third-party 
software 

Freedom in 
technology 
choice 

Support 
multiple 
exchange 
formats 

Conceptual 
integrity 

Reliability 

Object - 

oriented 

Yes, provided 

the middleware 

allows for it 

Severely 

restricted by 

the middleware  

Restricted by 

the object- 

oriented focus 

Yes 

Restricted by 

the middleware 

as a central 

point of failure 

Resource-

oriented 

Focused on 

“read only” 

operations 

Yes Yes Yes 

Dependent on  

how data 

consistency is 

ensured 

Service-

oriented 
Yes Yes 

Not addressed 

sufficiently, as 

the focus is on 

interface 

descriptions 

Needs to be 

addressed 

specifically by 

the interface 

developers 

Does not 

address 

coupling 

between 

components 

REST Yes Yes Yes Yes 

Yes, at the cost 

of ensuring that 

architectural 

constraints are 

met 

Multi-agent 
Yes, at the cost 

of developing 

agents 

Not addressed 

explicitly 

Yes, provided 

agents are able 

to process 

them 

No, since 

complexity is 

addressed by 

agents 

Yes 

 

The analysis of the presented architecture styles does not intend to be prescriptive in its conclusions, as 

defined criteria are subjective and can only be evaluated in terms of every specific project’s requirements. 

However, the initial analysis of the integration approach demonstrated that adopting a certain architectural 

style implies accepting – and working around – its trade-offs. While this is inevitable, we are confident that 

by leveraging semantic web technologies we may offset the costs of integrating the components of the 
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platform, while keeping it open for third parties. In the following sections, we make the case for adopting 

these technologies in order to make a reliable REST-based integration possible. 

2.2 Ontology based integration: the OWL-S ontology 

Prior to the integration phase, individual components of the DAREED platform were defined in terms of 

services that they expose to the system. The standard that was adopted for this task was the OWL-S 

ontology for web services [10]. It guided the integration effort only informally, since the grounding that is 

proposed conflicted with our interest of developing components independently of one another, according to 

the preferences and skillsets of the partners of the consortium. 

In order to properly understand all requirements and supported interactions for each service, the partners 

were requested to fill up a form with the following information: 

 What does the service do? The question is answered in the Service Profile. Three types of 

information besides the metadata should be given: what organization provides the service, what 

function does the service compute and optionally, a description of the characteristics of the service 

allowing its classification. 

 Organization: who is responsible for developing the service? Who will operate it? Who can provide 

additional information about the service? 

 Functional description: describe the transformation produced in the service. Specify the inputs 

required by the service and the outputs generated. Furthermore, if applicable, describe the 

preconditions that must hold for proper functioning of the service and the results of the service 

invocation. 

 Service characteristics: This optional section describes properties further characterizing the 

service. These can be for example the response time, the quality of the service, etc. 

 How does the service work? The answer to this question is given in the Service Model. This 

section describes the process how inputs are transformed into outputs. We consider two types of 

processes: atomic and composite. Atomic services are simple request-response exchanges. 

Composite services involve several services and possibly maintain an inner state while talking to 

the user. 

 How should clients access the service? The answer to this question is given in the Service 

Grounding. This section gives concrete usage instructions for service invocation. These include the 

protocols and messages involved. 
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Although not relevant for the definition of a service, the following items were collected in order to ensure the 

continuity between the services specification outlined in earlier reports, and the newer one, which was 

informed by the insights gained during the implementation phase. 

 supersedes: refers to a service id given in [11]. 

 defined in: refers to the deliverable where the theoretical work has been laid out. 

 implemented in: refers to the deliverable where the service has been implemented. 

An exemplary response to the survey is given below: 

Table 5: Service profile description 

Service 0 

Service Profile  

   Metadata  

service name IDF verifier 

text description This service verifies the syntactic validity of an IDF file against an EnergyPlus data 
dictionary. 

organization KIT 

 Function  

input idf: the IDF file to validate. 

output version: the version of the data dictionary the check is run against. 

output valid: indicates whether all data dictionary checks pass. 

output offences: a collection of all detected offences, if any. 

Service Grounding  

URL http://imi-dared.scc.kit.edu/km/api/validate 

Protocol HTTP POST 

Input format The parameter idf is passed in the request body of the HTTP request as form data. 
The name of the parameter is idf. 

Output format A JSON object encoding the result of the evaluations. 
 
{ 
 "version": "8.3.0", 
 "valid": boolean, 
 "offences": [ 
    { 
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       "offence": string, 
       ("lineNumber": int)? 
    }, ... 
 ] 
} 

 

The main outcome of the services description is to break down the tools participating on the platform into 

simpler components. This analysis then served to examine the components’ interaction more closely and 

start discussing the details of their interfaces. The services description also facilitated the identification of 

the services made available by the Knowledge Manager. We outline the requirements for their interfaces in 

the following sections. 

2.3 Hypermedia-driven APIs 

Much of what we refer to as “hypermedia” nowadays has been envisioned already in the 1960 and 

elaborated in the years since. Probably the first definition of “hypertext” was given in a 1981 book by 

Theodore Nelson who formulated it the following way: 

“By hypertext I mean non-sequential writing -text that branches and allows choices to the reader, 

best read at an interactive screen. As popularly conceived, this is a series of text chunks connected 

by links which offer the reader different pathways.” [12] 

Indeed, much of what comprises the main experience on the web is being presented with a “text” or 

“contents” with links interspersed among it that the user might follow. A web site thus presents the user with 

a possible set of choices among which to select the next course of action. The notion that hypertext serves 

as a kind of interface has been reinforced by Jeffrey Conklin who defined hypertext as follows: 

“Hypertext is a computer-supported medium for information in which many interlinked documents are 

displayed with their links on a high-resolution computer screen.” [13] 

In his seminal work, Fielding [14] recognized hypermedia as one of the key prerequisites for building a 

successful distributed network-based architecture. Under the term “distributed hypermedia”, he 

understood: 

“[…] the presence of application control information embedded within, or as a layer above, the 

presentational information.” [14]  (own emphasis) 

This definition reflects the intuition behind the previous ones, but it puts hypermedia into the context of 

building a network-based scalable and extensible system. In other words, the emphasis here is shifted from 

humans as the primary “consumers” of the media to fully-fledged nodes within the network that 

communicate with other systems in order to achieve a certain goal. 
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Together with the distributed hypermedia property, Fielding identified the following three desirable 

architectural characteristics while looking at the successful development of the World Wide Web: 

 Low entry barrier: the means to participate on the web are kept are easy to understand and adopt. 

 Extensibility: there is no notion of a complete system capable to fully satisfy the requirements of 

each participant. Instead, the architecture should facilitate the extension of the system. 

 Internet-scale: the evolution of the system is characterised by “anarchic scalability” on the one 

hand, which means there is no central authority maintaining a complete knowledge of the system, 

and “independent deployment”, which enables participants to extend the system without having to 

coordinate their efforts, or indeed follow any specific rules, on the other. 

In [14], Fielding formulates a set of constraints which constitute the REST architectural style of web-based 

distributed systems. Among them is the hypermedia constraint, or, hypermedia as an engine of the engine 

of application state (HATEOAS), which is instrumental in ensuring that nodes on the network can evolve 

independently, achieving internet scale and remaining extensible throughout their evolution. The constraint 

postulates that in order to communicate with another system, clients need only to possess a general 

understanding about hypermedia. The possible state transitions are communicated via the hypermedia 

controls embedded within or made available alongside the resource representation. 

Just what and how much general knowledge is contained within hypermedia can be seen by scrutinizing 

the prevailing technology stack behind a REST-based system: 

First, the client needs to refer to the resource in some way, or in other words, name it. A general naming 

scheme is given by the URI standard defined in [15]. A specific subset of the URI scheme, the URL, 

embeds the access mechanism within the resource name and allows a representation of the resource to be 

acquired. 

One such mechanism is the hypertext transfer protocol (HTTP) [16]. Among others, it defines the following 

methods, or operations, which may be allowed in relation to a resource: 

 GET: returns a representation of a resource indicated by the request URI. 

 DELETE: deletes a resource indicated by the request URI. 

 POST: create a new, subordinated, resource underneath the one identified in the request URI. 

 PUT: replaces the state of the resource indicated by the request URI with another one. 

Within an HTTP session, client and server exchange messages (strictly, representations) with specific 

contents upon which both should agree. The protocol enables the negotiation on how the contents of the 

messages are to be formatted by a special header field indicating the message type. The JSON message 

format [17] is currently one of the most popular representational formats, probably due to its simplicity, 

wide-range support for databases and programming languages and low impact on performance [18], [19]. 
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An HTTP-based communication between two systems can choose to follow closely the semantics of the 

protocol and thus effectively leverage it to convey implicit meaning within the exchange. What constitutes a 

valid transition between server representations or, more importantly, what kind of data the messages 

should contain is not covered by the HTTP protocol. According to the hypermedia constraint, these 

specifics should be made available as part of the message contents. As mentioned above, hypertext on the 

web includes links to other, possibly related, representations, to which the visitor might chose to navigate. 

Another example of how hypermedia information can be embedded within message representations can be 

seen in the so-called microformats, which structure information in a way which make sense for certain 

clients. In this case, the presentation and control information is embedded within the client software. 

Examples of microformats include hCalendar [20], for formatting events, and hCard [21], for representing 

people. 

In the context of web-based APIs however, the message semantics are often conveyed only by external 

documentation. Clients who wish to adopt and program against such APIs, have no automated facilities 

which make sense of the API on behalf of the users. This has two negative consequences: 

1. The effort needed for adopting the API is increased since it requires human effort to understand the 

documentation and program correctly a client. 

2. Changing the API requires effort at both the client and server side, effectively creating a coupling 

between the two. As we’ve seen earlier, this goes against the principles of extensibility and internet 

scalability. 

In order to mitigate these problems and bridge the gap between API authors and clients, there have been 

efforts geared specifically towards providing a hypermedia layer for web services. The sections below 

describe two approaches, the first dealing with conveying the meaning of messages, and the second 

proving a way to refer clients to possible resource state transitions. 

2.3.1 JSON-LD 

The JSON-LD standard [22] is a JSON-based language designed to leverage linked data principles when 

specifying the message exchange format of web APIs. The core idea of the proposal consists of 

augmenting standard JSON representations with a “context” object which describes the contents 

unambiguously. The context is a mapping between the terms found in the JSON representation and IRIs 

[23], which uniquely and precisely specify the meaning of the term. The context can be attached to the 

message either inline, as a link within the message, or in the header of the response message, thus 

minimizing the impact on the message payload size. This flexibility also means that existing message 

formats do not need to be changed in order to adopt the standard. 

The JSON-LD context enables the server to give an ambiguous specification of the message contents and 

meaning. But it also allows API authors to reuse well-established and agreed-upon contexts in order to 
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facilitate the adoption of their APIs. That is how ontologies can be leveraged to drive and facilitate client 

development. One popular context currently mentioned in the literature together with JSON-LD is the 

schema.org2 vocabulary, developed by a wide consortium of search-engine vendors. 

2.3.2 HYDRA 

Hydra [24] is a lightweight vocabulary which can be used to describe the operations exposed by a particular 

web API. Servers can opt to serve messages with HYDRA-backed contexts and describe valid state 

transitions in a machine-processable way. The standard attempts to facilitate the generation of generic 

clients and thus reduce the coupling with servers considerably. 

Apart from operations applicable to resources, the standard also can point to the expected message 

classes, once again leveraging the existence of already defined ontologies and vocabularies. Combined 

with the operations specification, a client can leverage HYDRA to automate the correct message exchange 

to a considerable degree. 

2.4 Conclusion 

This section examined the approaches found in the current literature which inform the main requirements 

towards building the integrated DAREED platform. We have analyzed architectural styles and how the initial 

criteria for architecture approach have been developed. We directed special attention to the desirable 

properties that the target system should exhibit in order to ensure its extensibility and wide adoption. As 

noted in [25] however, the property mix outlined above is achieved only with certain difficulty in the case of 

web APIs, due to the fact that the goals are not only dependent to each other, but may be seen as 

conflicting. To exemplify the matter, we can observe that one of the factors for the widespread adoption of 

JSON is its simplicity. Message formats can be constructed, consumed, and indeed understood relatively 

easily with JSON. But as argued above, the benefits of the low-entry barrier are offset by the long-term 

problems related to extensibility and interoperability of the services. As requirements and scale change, 

clients may end up needing costly readjustments in response. An additional effort is required to decouple 

clients from the server and guide the message interchange in a more automatic manner. 

We see a particular chance for DAREED to be one of the first projects to adopt recent developments in the 

standards community related to hypermedia-driven APIs. In particular, the ontologies that were developed 

as part of the project can be leveraged to semantically describe and guide the message exchange with 

potential services that want to use the insights gained by the platform. The project architectural style is 

finally based on the REST approach additionally enhanced with ontology and hypermedia-driven 

                                                      

 

2 http://schema.org 
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APIs. The biggest advantage of this REST-based approach is that by simply analyzing the ontology, every 

third party could quickly and easily see what type of data could be retrieved from where, as well as identify 

the relevant data format and the interface to services on the platform. In order to facilitate further this 

approach, a special attention will be given after the project end to better document the design and 

validation of this integrational approach and share it with the scientific community.  

 Integration Plan 

The rest of the deliverable is structured as follows. In the next section we look at the data models of each 

tool and study the possible integration points with other components of the DAREED platform. The analysis 

will serve first to identify possible mappings between the data that are to be encoded in the DAREED 

ontology. Once the mappings are in place, the data integration could be considerably facilitated by 

employing a reasoner over the gathered knowledge base. The analysis will also inform potential services 

specifications that are to be developed as part of the Knowledge Manager. 

The second subsection will look more closely at the specifics of the service-to-service communication. 

Therein, we describe the methods of retrieving the information from each component by its clients. The 

analysis will yield the tasks to be completed within the integration phase of the project. 

 

3.1 Data Integration 

The chief goal of the data integration is to extend and complete the district profile. The district profile ties 

the DAREED’s components together and their district orientation makes them participants on a common 

platform. That’s why the reports covering the main prototyping phase of the project specifically addressed 

the role and contribution of each software component to the platform’s district model. 

The district model is built by a mix of real-time monitoring data obtained by monitoring devices, simulation 

data obtained by the tools developed in work package three and statistical data which roughly defines the 

dimensions, usage area of the consumption and generation classes of buildings, demographics and further 

economic indicators of a district. While the background information is updated rarely, probably on a yearly 

basis once it is entered on the platform by the district authority, the generation and consumption profiles of 

each member or “node” are being constantly fed into the monitoring system. The more varied, precise and 

complete information is available, the better the capabilities of the platform become. 

The primary concern of the Knowledge manager is to create an abstraction over each type of participant in 

the district model, so that the overall profile can be updated regardless of the origin of the data. There are 

three main participants being specifically addressed by the project’s tools. The first is being sensor 

systems, deployed specifically for real-time monitoring, or existing building management systems. The 
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second participant type is the building performance evaluations computed by the modelling and simulation 

tools of the platform. The third member type is the citizens who interact with the platform mainly through the 

awareness tool. Should they opt to do so, citizens may share their consumption and bill data with the 

platform. 

The diagram below summarizes the construction of the district profile. Note that while it appears the 

management of the real-time data acquisition is handled by the data manager and the rest of the data 

citizen and simulation data by the knowledge manager, they do not maintain records of the actual raw data. 

The purpose of those tools is to provide an appropriate interface for describing and classifying the retrieved 

information. Both tools eventually handle the data to the platform’s storage system which specifically 

designed to manage big volumes of information efficiently. 

Figure 2: District profile construction 
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For more information on the actual computation of the model, see [26]. The sections below look closely to 

the data model of each type of participant in the district model. 

3.1.1 Data Manager’s Data Model 

The Data Manager is the main entry point for real-time monitoring and generation data on the platform. It 

provides a relational view of parts of the platform’s storage system. 

Figure 3: Data Manager's Data Model 
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The main concept of the data model of the Data Manager is the Node. Nodes are abstract entities which 

represent, roughly, space regions monitored by the system. They are arranged into a hierarchy, of which 

the top node represents a district, and the lowest-level nodes represent system processes related to a 

sensor system present in a building. The mid-section of the hierarchy contains nodes representing 

buildings. The category field of a node contains a label identifying a usage category as specified in the 

district model. 

Building nodes serve as the main hub of the model and as such contain links to the electrical contract 

details, construction properties, geographic location and activity-related information. 

There are several properties in the geographic location model that are of special significance for the 

integration: 

 The olson_time_zone field contains a reference to the Area/Location time zone as defined in the 

Olson3 (tz) catalog. 

 The geocoords field contain a pair of latitude/longitude coordinates. 

 The yrno_location field is a direct reference to the http://yr.no meteorological webservice. It holds 

a string formatted with the Country/Area/City pattern and thus can be used to build a valid URL for 

obtaining a relevant and current forecast for the building. Conveniently, that webservice contains 

referneces to the geonames4 catalog. 

The Construction Settings entity describes basic properties of a building. As we’ll see in the next 

section, they match the building characterisation completed by the user in the building simulation dialog. 

The Electrical Contract object maintains detailed information on the energy contract associated with a 

process node. Apart from generic data on the start and end dates, the meter point administration number 

(also known as Código Universal del Punto de Suministro, or CUPS, in Spain), the bulk of the information is 

stored in the conditions member. It is a text field which contains a complex type with the following format: 

{ 
"contractedPower": number, 
"energyCharge": number, 
"powerCharge": number, 
"kgCO2xEnergy": number 

} 

The Office Building Settings object models information pertaining to a specific class of buildings, and as 

such is not regarded further in the data integration analysis. 

                                                      

 

3 http://www.iana.org/time-zones 
4 http://www.geonames.org 
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The Postal Address object is used for contact purposes and is not relevant for the data integration. Most 

of the properties here were already covered by the Building Location Settings. 

3.1.2 Simulation and Modelling  

The simulation and modelling tools are serving a twofold purpose on the platform. First, simulations can be 

used to enhance the district generation and consumption profile. This is achieved by integrating building 

simulations directly to the platform’s district computation platform. The other usage scenario of the toolset is 

to estimate the performance of the district and to compute KPIs on a district and building level. 

Figure 4: Simulation & Modelling Tools 

 

The figure above is a detail of the components involved in the modelling and simulation toolset of the 

platform taken from the general architecture diagram. The IDF generator is responsible for converting the 

user’s answers to a short building characterisation form to a simulation input file ready to be run with 

EnergyPlus. This input is used to evaluate the energetic performance of the modelled building on the one 

hand and program a multi-objective optimisation process on the other. 

Both the results from the Energy Performance Simulation and Best Practices Tools are processed later 

according to the plan outlined in the next section. The interface with the interface’s computation platform is 

facilitated by the Knowledge Manager. 

 

3.1.2.1 Building Simulation 

At the beginning of the simulation processes a user is requested to complete a questionnaire to describe 

the building properties. The fields of the form are as follows: 
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Table 6: Building Characterisation Questionnaire 

Parameter Input method 

Building location Selectable on map view 

Building orientation Selectable from a predefined list 

Building typology Selectable from a predefined list 

Building use Selectable from a predefined list 

Construction period Selectable from a predefined list 

Number of floors Numeric input  

Façade surfaces and orientation  Selectable from a predefined list 

Façade constructive solution Selectable from a predefined list 

Approximate glazed surface Numeric input [sq-m] 

Window technology Selectable from a predefined list 

Useful or conditioned surface Numeric input [sq-m] 

Approximate use schedule Selectable from a predefined list 

Number of building users Numeric input [sq-m] 

HVAC System technology Selectable from a predefined list 

Existing on-site generation technologies Selectable from a predefined list 

The exact location of the building and its outline are given by a map tool integrated both with 

OpenStreetMap and Google Maps. 

From the building characterisation form and the geometry input, we can construct a building node as 

defined in the Data Manager and integrate its information easily onto the platform. The consumption and 

generation profile are easily obtained since the simulation outputs are available in a text-based format. That 

information becomes available after the user performs the simulation run with the Best Practices Tool. 

3.1.2.2 Energy Performance and Simulation Tool 

The Energy Performance and Simulation Tool’s data model maintains the memberships between Building 

and District entities. The main results obtainable by the tool are the district-level KPIs based on a 

computation involving only the simulated nodes’ energy performance evaluations. 
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Since the model shares elements with the Best Practices Tool, we are going to look closely at the District 

entity and refer the reader to the next section which covers the Building model in more detail. 

Figure 5: Energy Performance and Simulation Tool's data model 

 

The District entity is identified by a string and should be mapped with a node ID from the Data Manager. 

Another important correspondence to establish is the area category stored in the description field of the 

Area entity. Its value has to be mapped with the category field of the Data Manager’s Node entity. 

The Initial Statistical District Data entity contains information relevant for computing the district-

wide KPIs. Its name implies a further integration point with the platform. Each year, a new record should be 

inserted which reflects the statistics observed in the last period. 
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3.1.2.3 Best Practices Tool 

The Best Practices Tool’s data model maintains relationships between simulation results and obtained 

energy performance suggestions. The upper right section of Figure 6 shows the shared entities of the 

model with the Energy Simulation & Performance Tool as explained above. 

The Building entities are primarily concerned with the geometrical properties and location of a simulated 

building. Once the user has filled out the building characterisation, the settings are stored in a Building 

configuration entity. 

Figure 6: Best Practices Tool’s Data Model. 
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The Best Practices Tool data model inherently interfaces with the building characterisation questionnaire 

(described in section 3.1.2.1) and the resulting simulation input and output files. There is no other coupling 

between the platform’s data manager beyond the district and usage area related properties. 

In the following sections, we examine the data model of the Best Practices Tool in detail. 

3.1.2.3.1 Entities 

This section explains the entities of Best Practices Tool’s data model. 

3.1.2.3.1.1 Building configuration 

The ‘Building Configuration’ entity stores the data coming from the building characterization provided from 

the user by filling in the questionnaire. This data does not represent the whole dataset because the data 

about the cooling system, the heating system and a possible system of on-site generation technology are 

stored in different tables. Its attributes are shown in Table 7. 

Table 7: Description of "building_configuration" entity’s attributes 

    Attributes 
Primary 

Key 
Type Notes 

idBuilding_configuration  integer(2) - AI  Unique identifier auto increment 

number of storeys  Int - NN Number of storeys of the building 

ceiling_height  decimal(3,2) - NN Building ceiling height 
units of measurement: meters 

occupancy  decimal(5,2) - NN Number of people which occupying 
building  

lutConstructionPeriod  Integer(4) - NN 

year in which the building was 

constructed  

numberFormat: yyyy 

heating_conditioned_surface

s 
 double - NN 

number of square meters of 
heating_conditioned_surfaces 
 
units of measurement: square meters 

cooling_conditioned_surface

s 
 double - NN 

number of square meters of cooling 
_conditioned_surfaces 
 
units of measurement: square meters  

lutLightingTecncology  Int - NN 

It is an integer number that corresponds 
to one of the following types of lighting 
technology: 

 Fluorescent tubes 

 Compact Fluorescents 
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 Halogens 

 LED 

 Incandescent 

use_schedule  Varchar(255) 

Coded string used to store information 
about opening and closing schedules in 
weekdays and weekends. 
String format: 
'WD07:30_18:30WE07:30_12:30' 

 

3.1.2.3.1.2 Existing on site generation technology 

The Existing_on_site_generation_technology entity represents the existing system of on-site 

generation technology by means of a set of data that describe some of its properties (type, estimated 

energy generation, rated power). Its attributes are shown in Table 8. 

Table 8: Description of the  "Existing_on_site_generation_technology" entity’s attributes 

Attributes Primary 

Key 

Type Notes 

idExisting_tecnology  int(11) Unique identifier of entity auto 

increment 

 

lutExistingTecnologyType  Int(11)-NN It is an integer number that 

corresponds to one of the following 

types of technology: 

 PV System 

 Wind generator 

 Cogeneration 

 None 

estimated_energy_generation  double - NN Estimated energy generation 

units of measurement: kWh 

Rated_power  double - NN units of measurement: W 

 

3.1.2.3.1.3 Heating system 

The heating_system entity represents some properties of heating system type installed in a building such 

as rated capacity, fuel type and boiler type. Its attributes are shown in Table 9. 
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Table 9: Description of heating_system entity’s attributes 

Attributes Primary Key Type Notes 

idHeating_system  Int(11) Unique identifier auto increment 

lutHeatingSystemType  varchar(255) It is an integer number that corresponds to one of 

the following types of heating system: 

 Heat pumps 

 Boiler 

 None 

ratedCapacity  double units of measurement: W 

lutFuelType  Int(11) It is an integer number that corresponds to one of 

the following types of fuel: 

 None  

 Natural gas 

 A-B gasoil 

 C gasoil 

 LPG 

 Butane 

 Propane 

 Biomass 

lutBolierType  Int(11) It is an integer number that corresponds to one of 

the following types of boiler: 

 None 

 High temperature 

 Medium temperature 

 Low temperature 

 Other 

 

3.1.2.3.1.4 Cooling system 

The cooling_system entity represents some properties of cooling system type installed in a building such 

as rated capacity and condensation type. Its attributes are shown in Table 10. 

Table 10: Description of cooling_system entity’s attributes 

Attributes Primary Type Notes 
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Key 

idCooling_system  Int(11) Unique identifier, auto increment 

lutCoolingSystemType  Int(11) It is an integer number that corresponds to 

one of the following types of cooling system: 

- Heat pumps 

- Chiller 

-  None 

ratedCapacity  double units of measurement: W 

lutCondensationType  Int(11) It is an integer number that corresponds to 

one of the following types of condensation 

system: 

 None 

 Air condensed  

 Water condensed  

 Not applicable 

 

3.1.2.3.1.5 Suggestion 

The Suggestion entity represents a set of numerical data: some of them correspond to the values of 

parameters resulting after running an optimization algorithm and others of them correspond to investment 

costs required by the adoption of the suggestion. Its attributes are shown in Table 11. 

Table 11: Description of the Suggestion entity’s attributes 

Attributes Primary Key Type Notes 

idSuggestion 
 Int(11) Unique identifier, auto increment 

equipment_power_density 
 Int(11) units of measurement: W/m2 

fresh_air_rate 
 Decimal(2,1) units of measurement:  

ACH: Air Changes per Hour  

lighting_power_density 
 Int(11) units of measurement: W/m2 

shading 
 Varchar It is a string that corresponds to one of 

these values: 

 None 



    

Title: Integration Plan 

Status: Submission for Approval 

Version: 16.0 

Access: PU 

 

31 

 

 Overhang 

equipment_cost 
 Double It is a double number that represents the 

investment cost corresponding to 

installation of equipment suggested. 

units of measurement: € 

Fresh_air_cost 
 Double It is a double number that represents the 

investment cost that installation of 

ventilation technology suggested requires. 

units of measurement: € 

Lighting_cost 
 Double It is a double number that represents the 

investment cost that installation of lighting 

technology suggested requires. 

units of measurement: € 

Shading_cost 
 Double The investment cost that installation of the 

equivalent technology suggested for the 

shading device requires. 

units of measurement: € 

 

3.1.2.3.2 Relationships 

This section examines the relationships among the entities of the Best Practices Tool’s data model. 

3.1.2.3.2.1 Building Configuration Includes Cooling System 

The degree of the relationship between the Building configuration and cooling_system entities is 

one-to-one. 

Figure 7: Relationship between building configuration and cooling system 

 

Considering this relationship, the unique identifier of the cooling_system entity becomes a foreign key of 

Building configuration entity (Table 12). 
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3.1.2.3.2.2 Building Configuration Includes Heating System 

The degree of the relationship between the Building configuration and heating_system entities is one-to-

one. 

Figure 8: Relationship between building configuration and heating system 

 

Considering this relationship, the unique identifier of the heating_system entity becomes a foreign key on 

Building configuration entity. 

3.1.2.3.2.3 Building Configuration Includes Existing Onsite Generation Technology 

The degree of the relationship between the Building configuration and 

existing_onsite_generation_technology entities is one-to-one, because a specific building 

configuration inserted by user provides a single existing_onsite_generation_technology and, vice 

versa, a specific existing_onsite_generation_technology is referred to a single configuration of a 

building. 

Figure 9: Relationship between Building configuration and Existing onsite generation technology. 

 

Considering this relationship, the unique identifier of the existing_onsite_generation_technology 

entity becomes a foreign key on Building configuration entity (Table 12). 

Table 12: Representation of Building Configuration table with its primary key and foreign keys 
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idBuildingConfiguration fkHeatingSystem fkCoolingSystem fkExistingOnSiteTecnology 

 

3.1.2.3.2.4 Building – Configuration – Suggestion 

Figure 10: The Building – Configuration – Suggestion relation 

 

The ternary relationship between the building, suggestion and bulding_configuration entities expresses 

the idea that each building configuration is obviously linked to a single building and each couple of building-

building_configuration is univocally linked to a single set of suggestions. Its attributes are shown in 

Table 13. 

Table 13: Description of "building-configuration-suggestion" relationship’s attributes 

Attributes Primary 

Key 

Foreign 

Key 

Type Notes 

id   int - AI Unique identifier, auto increment 

fkBuilding   varchar(255) Foreign key referenced to the 
attribute idBuilding of Building 
entity 

fkSuggestion   integer(11) Foreign key referenced to the 
attribute idSuggestion of 
Suggestion entity 

fkBuildingConfiguration   Integer(11) Foreign key referenced to the 
attribute idBuildingConfiguration 
of BuildingConfiguration entity  

date   DATETIME Date in which the current 
optimization has been performed 
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co2_emissions   double Value of co2 emissions resulting 
from optimization. It is one of 
objective functions. 
units of measurement: Kg 

electricity_consumption   double Value of electricity consumption 
resulting from optimization. It is 
one of objective functions. Units 
of measurement: kWh 

 

3.1.2.3.3 Other Entities and Relationships 

The Best Practices Tool integrates building geometry data and represents the shape of a building by a set 

of vertices and walls. This data comes from geometrical information entered by user through the map-

based interface of the IDF Generator. 

3.1.2.3.3.1 Vertex 

The vertex entity represents a connected vertex for the building polygon. Its attributes are shown in Table 

14. 

Table 14: Description of the vertex entity's attributes 

Attributes Primary Key Type Notes 

idVertex  int(11) Unique identifier of entity auto 

increment 

x_coord  decimal(10,2) Coordinate of the vertex on x axis 

y_coord  decimal(10,2) Coordinate of the vertex on y axis 

The vertex entity is linked to building entity by a relationship that has one-to-many degree. Indeed, a 

building can have many vertices and a vertex corresponds to a single building. 

3.1.2.3.3.2 Wall 

The wall entity represents an external surface of the building.  In the model diagram it is meant as a multi-

value attribute of the Building entity because a building can have more than one wall and a wall needs to 

specify only its type. Its primary key is represented by a couple of attributes, as shown in Table 15. 

Table 15: Description of the wall entity's properties 

Attributes Primary Key Foreign Key Type Notes 

fBuilding   varchar(255) Foreign key referenced to the 

attribute idBuilding of Building 

entity. Also it is a primary key 
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wall_type   Int It is an integer number that 

corresponds to one of these 

values: 

 Outdoors 

 Adiabatic 

 

3.1.3 Citizen Awareness Tool 

The Citizen Awareness Tool is the main contact point for citizens on the platform. By collecting and 

analysing energy bill data, the tool attempts to increase the awareness among citizens through comparing 

their expenditure with friends, neighbours, or similar residences. Furthermore, it is able to advise citizens on 

ways to reduce their energy consumption by presenting them with relevant measures for increasing the 

energy efficiency of their homes. Here too, the tool leverages its database to cluster the citizens into 

districts with their own specific climate and energy conditions and offer them suggestions that address their 

particular circumstances. 

The Citizen Awareness Tool data model’s central entities are concerned with modelling the home and bill 

information of the citizens. The diagram below offers a simplified overview of the system’s data model. 
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Figure 11: Citizen Awareness Tool data model. 

 

During DAREED’s prototyping phase, the Citizen Awareness Tool has been independently, without any 

cooperation with the rest of the platform’s components. The data integration should therefore accomplish 

the following goals: 

 Citizens need to be assigned to pilot districts. This will enable collected data to be correctly taken 

into account when computing the average energy price. Conversely, the district KPIs computed by 

the platform would offer other metrics against which citizens can relate their expenditure with. The 

integration should thereby respect the citizen’s privacy choices and share the data with the platform 

only after obtaining an explicit permission. 
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 The citizens should be able to opt-in for automatic notifications by the platform. These notifications 

can be triggered by the district when certain pollution levels have been detected, or as a result of 

their participation in active demand events. 

 

3.2 Functional Integration 

This section gives a detailed task-based description of the integration requirements. For every relevant 

component, we look at the important interfaces that have to be set in place in order to enable or facilitate 

the integration. 

3.2.1 Simulation and Modelling 

This section looks closely at the interaction of the components related to the building simulation and 

modelling facilities on the platform. 

 

3.2.1.1 Building Simulation  

The IDF generator outputs a building geometry in a format compatible with the building characterization 

script. The building simulation service compiles the IDF file and runs EnergyPlus. The results are submitted 

or accessed by the semantic characterization service which applies the transformation necessary for 

integrating the results with the platform. 

The steps involved in this process are covered in more detail in section 3.2.1.3. 

3.2.1.2 Energy Performance Simulation Tool  

The Energy Performance tool accesses the background data on a district via the Knowledge Manager’s 

district profile information and the history of the building simulations. It makes the results available (district-

level KPIs) in a database. The platform reads the database displays the results on the District Monitoring 

Tool. 

The Energy Performance and Simulation tool exposes the results of the analysis via routines stored in the 

database. These are used to retrieve values for temporary and result variables, which are consequently 

retrieved with standard SELECT statements. 

The results can be classified in three categories: 

 District-wide KPIs. 

 KPIs related to a single usage area. 
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 Building-level KPIs. 

For district-related KPIs, clients should provide a valid ID of a district. Usage area KPI's are obtained by 

passing a district ID and a usage area category ID. For building-related KPIs, the relevant input is a building 

identifier. 

We demonstrate the programmatic usage of the Energy Performance Tool in the sections below. 

3.2.1.2.1 Retrieving District KPIs 

3.2.1.2.1.1 Retrieving District CO2 Emissions per square meter 

set @idDistrict = 'Lizzanello'; 
call dareed_db.sp_district_co2_emissions_m2(@tmp_sim, @tmp_non_sim, @rsnonsim, @rssim, 
@co2_emissions_m2, @idDistrict); 
select @co2_emissions_m2, @idDistrict; 

3.2.1.2.1.2 Retrieving District Energy Production per square meter 

set @idDistrict = 'Lizzanello'; 
call dareed_db.sp_district_energy_production_m2(@tmp_sim, @tmp_non_sim, @rsnonsim, @rssim, 
@energy_production_m2, @idDistrict); 
select @energy_production_m2, @idDistrict; 

3.2.1.2.1.3 Retrieving District Onsite Energy Consumption per square meter 

set @idDistrict = 'Lizzanello'; 
call dareed_db.sp_district_onsite_energy_consumption_m2(@tmp_sim, @tmp_non_sim, @rsnonsim, 
@rssim, @onsite_energy_consumption_m2, @idDistrict); 
select @onsite_energy_consumption_m2, @idDistrict; 

3.2.1.2.1.4 Retrieving District Primary Energy Consumption per square meter: 

set @idDistrict = 'Lizzanello'; 
call dareed_db.sp_district_primary_energy_consumption_m2(@tmp_sim, @tmp_non_sim, @rsnonsim, 
@rssim, @primary_energy_consumption_m2, @idDistrict); 
select @primary_energy_consumption_m2, @idDistrict; 

3.2.1.2.1.5 Retrieving District Total Power Consumption per square meter 

set @idDistrict = 'Lizzanello'; 
call dareed_db.sp_district_total_power_consumption_m2(@tmp_sim, @tmp_non_sim, @rsnonsim, @rssim, 
@total_power_consumption_m2, @idDistrict); 
select  @total_power_consumption_m2, @idDistrict; 

3.2.1.2.1.6 Retrieving District Produced energy per person (per square meter) 

set @idDistrict = 'Lizzanello'; 
call dareed_db.sp_district_energy_production_per_person(@tmp_sim, @tmp_non_sim, @rsnonsim, 
@rssim, @energy_production_m2_per_person, @idDistrict); 
select @energy_production_m2_per_person, @idDistrict; 

3.2.1.2.2 Retrieving Building KPIs 

3.2.1.2.2.1 Retrieving Building CO2 Emissions 

set @idBuilding = 'Elementary School'; 
call dareed_db.sp_building_co2_emissions(@co2_emissions, @idBuilding, @simulation_date); 
select @co2_emissions, @idBuilding, @simulation_date; 

3.2.1.2.2.2 Retrieving Building Energy Production 

set @idBuilding = 'Elementary School'; 
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call dareed_db.sp_building_energy_production(@energy_production, @idBuilding, @simulation_date); 
select @energy_production, @idBuilding, @simulation_date; 

3.2.1.2.2.3 Retrieving Building Onsite Energy Consumption 

set @idBuilding = 'Elementary School'; 
call dareed_db.sp_building_onsite_energy_consumption(@onsite_energy_consumption, @idBuilding, 
@simulation_date); 
select @onsite_energy_consumption, @idBuilding, @simulation_date; 

3.2.1.2.2.4 Retrieving Building Primary Energy Consumption 

set @idBuilding = 'Elementary School'; 
call dareed_db.sp_building_primary_energy_consumption(@primary_energy_consumption, @idBuilding, 
@simulation_date); 
select @primary_energy_consumption, @idBuilding, @simulation_date; 

3.2.1.2.2.5 Retrieving Building Total Power Consumption 

set @idBuilding = 'Elementary School'; 
call dareed_db.sp_building_total_power_consumption(@total_power_consumption, @idBuilding, 
@simulation_date); 
select @total_power_consumption, @idBuilding, @simulation_date; 

3.2.1.2.3 Integration Tasks 

As shown in section 3.1.2.2, the integration tasks related to the Energy Performance and Simulation Tool 

involve the update of district statistical data and the retrieval of the district, area and building KPIs. Both 

tasks are a concern of the Knowledge Manager. 

Table 16: Integration tasks related to the Energy Performance and Simulation Tool 

Task Number Component Description 

4 Knowledge Manager Expose the district properties in the district 

overview service. 

5 Knowledge Manager Expose the district-wide and building KPIs 

to the rest of the platform via an API. 

28 Energy Performance and 

Simulation Tool 

Update the district properties of each 

district entity. 

  

3.2.1.3 Best Practices Tool 

Section 3.2.1.1 explains how to obtain a simulation input file by combining the building geometry data with a 

user questionnaire. Hence, in this section, we assume that the prerequisites for running a building 

simulation have already been met. 

The Best Practices Tool exposes the results of the simulation and the energy saving suggestions through a 

direct interface with the database. The corresponding procedure is invoked in the following way: 
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set @idBuilding = 'Elementary School'; 
call dareed_db.sp_last_optimization_results(@idBuilding); 

The resulting relation has the following fields: 

 Building on which optimization has been performed 

 Date of optimization 

 Objective co2 emissions kg 

 Objective electricity consumption kWh 

 Equipment power density [W/m2] coming from optimization 

 Equipment cost (€) 

 Fresh air rate [air changes per hour] coming from optimization 

 Fresh air cost (€) 

 Lighting power density [W/m2] coming from optimization 

 Lighting power density [W/m2] coming from optimization  

 Lighting cost (€) 

 Shading coming from optimization 

 Shading cost (€) 

 Number of building storeys 

 Building ceiling height 

 Building occupancy 

 Construction year 

 Building heating conditioned surfaces 

 Building cooling conditioned surfaces 

 WeekDays open 

 WeekDays close 

 WeekEnds open 

 WeekEnds close 

 Lighting type 

 Cooling system type 

 Rated Capacity cooling system 

 Cooling condensation type 

 Heating system type 

 Rated Capacity heating system 

 Heating system fuel type 

 Heating system boiler type 

 Existing on site generation technology type 

 Estimated energy generation 
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 Rated power existing on site generation system 

The functional integration focuses on connecting the results obtained by the Best Practices Tool within the 

district context. This entails facilitating the integration of simulated buildings into the district profile and 

making the suggestions relevant for citizens using the platform. 

For the former task, the Knowledge Manager employs a dedicated service in order to derive a semantic 

representation of the building properties and estimated consumption profile. It enables the mapping 

between the concepts of the Data Manager and the relational model of the Best Practices by aligning the 

ontologies describing each. 

The process of introducing the simulation results on the platform involves the registration of a node and 

thus is subject to approval by the platform administrators. Its steps are shown below: 

Figure 12: Integration of simulation data on the platform 

 

The latter and more challenging integration task involves the estimation of the savings obtained by the 

adoption of a proposed measure by taking into account the energy tariffs observed in the district. In this 

case, the district overview service should be leveraged in order to obtain a full picture on the costs of a 

proposed measure. 

Lastly, the functional integration of the Best Practices Tool foresees a link to the market place by which 

citizens would be assisted at finding relevant solutions for increasing the energy efficiency of their homes. 

This would be achieved by identifying trends in the historical database of building optimisations and 
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providing a facility to select the most fitting ones for a particular set of objectives. An interface to the trends 

catalogue can then be used to suggest search terms or compose request for offers on the marketplace. 

In conclusion, we summarise the integration tasks related to the Best practices Tool. 

Table 17: Integration tasks related to the Best practices tool 

Task Number Component Description 

7 Knowledge Manager Expose district energy prices data from the 

platform in the district overview service. 

9 Best Practices Tool Integrate the district tariff data in the Best 

Practices Tool and provide saving figures. 

10 Best Practices Tool Collect optimization runs in a historic database. 

30 Best Practices Tool Provide an interface to the collected best 

practices trends. 

31 Marketplace Provide an interface to the market place which 

leverages the best practices trends. 

8 Best Practices Tool Expose the simulation input and output for 

integration with the district model. 

11 Knowledge Manager Align the simulation input and output data with the 

Data Manager’s model. 

12 District Monitoring Tool Integrate simulation nodes into the district profile 

computation. 

 

3.2.2 Citizen Awareness Tool 

Citizen data is an important asset in the DAREED district model. Should a citizen consent to sharing their 

bill data, the platform would import it into the computation model which would in turn increase the accuracy 

of the consumption and generation profile projections. Besides enhancing the district monitoring 

capabilities, the participation of the citizens with their bill information enables them to receive notifications 

triggered by the intelligence layer of the platform. Increasing citizen awareness is therefore critically 

dependent on achieving a close integration of the Citizen’s Platform with the platform’s tools. 

The Knowledge Manager will process citizen’s data with the Citizen Classification Service. It will annotate 

the citizen profile and bill information and translate it in the terms of the DAREED ontology. This will 

facilitate the data integration with the platform by employing the same approach explained in [27]. 
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A necessary requirement for this integration is to assign citizens to their respective districts. During the 

prototyping phase, the user management of the Awareness Tool has not been synchronised with that of the 

platform. This gap will be filled by a common Authentication Service. It will enable users of the platform to 

sign on once and use all tools of the platform. 

The second integration task entails notifying the citizens about global district events. Some of the events 

are simple notifications received by all district residents. Others require a comparison with the district 

performance, and are only relevant for specific citizen groups. The task of the citizen classification service, 

besides the data integration, is thus to decide which citizens are affected by a certain event. 

The following table summarises the events taken into account by the Citizen Classification Service. 

Table 18: District events monitored by the citizen classification service 

Code Event Name Description 

3 ELECTRICAL_CONSUMPTION_ABOVE_AVG Monthly consumption above the average. 

6 GOAL_START The race begins to reach a new goal. 

7 GOAL_AWAY The district may not reach a set goal. 

8 GOAL_END The time is up to achieve the goal. 

10 NICE_OUTDOOR_TEMPERATURE 

The outside temperature is nice; maybe you 

can open the windows and turn off the air 

conditioning. 

13 NEW_DEMAND_RESPONSE_PROGRAM New D/R event registered on the system. 

20  ELECTRICAL_CONSUMPTION_BELOW_AVG Monthly consumption below the average. 

21 UNPLEASANT_OUTDOOR_TEMPERATURE 
The temperature outside is moving away from 

the comfort temperature 

The integration plan for the Citizen’s platform consists of the following steps: 

Table 19: Integration tasks related to the Citizen Awareness Tool 

Task Number Component Description 

14 Knowledge Manager Align the Citizen awareness data model with 

the platform’s district model. 

15 Knowledge Manager Classify citizens according to the current 

district circumstances. 

16 District Monitoring Tool Integrate Citizen's data into the district profile 

computation. 
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17 Citizen Awareness Tool Integrate the Citizen Awareness Tool with the 

common authentication service. 

33 Knowledge Manager Provide a citizen notification mechanism for the 

platform’s monitoring facilities. 

3.2.3 Decision Support Tools for Policy Makers and Energy Providers 

The main interface between the DAREED platform and the Decision Support Tools is realized by the 

Knowledge Manager. Principally, the goal of the integration is to increase the usability of the tools by 

suggesting relevant input for the underlying optimization models. These suggestions relate to the 

aggregated consumption data for certain time periods on the one hand, and a baseline energy tariff against 

which the optimized tariffs should be compared on the other. 

We classify the Decision Support Tools by their scope and thus distinguish two categories: 

 District-level Decision Support Tools: in this use case, we are interested in the aggregated district 

consumption classified into customer types with similar consumption patterns. 

 Building-Level Decision Support Tools: this use case addresses the customisation of energy tariffs 

for large energy consumers, managing either a single building or a group of buildings with similar 

consumption patterns. 

In the following sections, we discuss the integration approaches by looking at the requirements of each tool 

category. 

3.2.3.1 District-Level DSS for Energy Providers 

Information on a “standard tariff” in the district is could be used to initialize (part of) the optimization model 

used by all the decision support tools that operate at district level (i.e. “suggest prices at district level”, 

“suggest optimal customer behavior”, “simulate energy provider behavior”). These are: 

1) If only an average electricity prices are available, then they could be used to define a reference 

“flat” tariff in the optimization model. All customers in the district could then be initially associated to 

this reference tariff. 

2) If information about ToU based prices is available (i.e. daytime and nighttime prices), then these 

could be used to define a non-flat reference tariff in the optimization model. This level of integration 

is viable only if the price information stored in the district model is compatible with the price band 

scheme employed in the optimization model. For example, if both models are using 

daytime/nighttime prices, then the integration would be possible. If instead the user of the DS tool 

chooses to employ in the optimization model a different price band scheme (e.g. standard Italian 3-
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price bands), then it would be impossible to translate the prices from the district model into the 

optimization model. 

3) If information about multiple ToU based prices, and the users that adopt them, is available in the 

district model, then these could be employed to define a set of tariffs in the optimization model. 

Additionally, each tariff could be associated to one or multiple classes of consumers in the 

optimization model. This is the highest level of integration that we could take into account: and it 

would greatly simplify the definition of the parameters of the optimization model used in the DSSs. 

However, this level of integration would require to associate data on electricity consumption to the 

individual users (or to group of users). Obtaining this kind of information reliably is not an easy task: 

tariff data should be provided by local utilities or by individual users, which are not necessarily likely 

to cooperate. Moreover, exposing this information to the DSSs may raise privacy concern: for 

example a utility company that is using the DAREED platform may become able to know which 

users have subscribed a contract with a competitor company. 

In general, approaches 1 and 2 seem to be the safest and more realistic choices. Approach 2 would be 

greatly simplified if the price information in the district model is stored on a per-hour/per-weekday basis: by 

doing so, the prices could be easily adapted to any kind of price band schema employed in the DS tools. 

All the DSSs will rely on the Knowledge Manager to obtain aggregated district consumption data, which will 

be used to initialize the optimization model that the tools use as a back-end. In particular, the DSSs that 

operate at district level (i.e. “suggest prices at district level”, “suggest optimal customer behavior”, “simulate 

energy provider behavior”): 

 Are designed to work with Time Of Use based tariffs, and therefore assume that the price of 

electricity is defined over a specific price band scheme. This price based scheme partitions the 

hours in a week in multiple price bands: a different electricity price can be specified in each band. 

 Can take into account multiple “customer classes”, each representing a large group of customers 

with homogeneous behavior. The tools describe these customer classes using (among other 

parameters) their yearly energy consumption per price band. 

Therefore, ideally the Knowledge Manager should provide the DSSs with information about: 

1) Which classes of users are present in the district 

2) For each class of users, the yearly energy consumption per price band 

For this to happen, the DSS tools will need to specify to the Knowledge Manager: 

1) The district for which the consumption data is required 

2) The price band scheme to be used 



    

Title: Integration Plan 

Status: Submission for Approval 

Version: 16.0 

Access: PU 

 

46 

 

A possible request message, in JSON format, from a DSS to the Knowledge Manager could therefore have 

the following structure: 

{ 
    district: <district id>, 
    price_bands: <price band specification> 
} 

A moderately cumbersome, but simple and flexible approach to define a specific a price band scheme 

consists in using a matrix having a row for each day in a week, and a column for each hour in a day. 

Therefore, a possible JSON description for the price band specification would be: 

{ 
    band_names: [<price band names>], 
    band_def: [[<price band number>]] // one row per weekday, one column per hour in a day 
} 

An example for the Italian price band system is as follows: 

{ 
    band_names: [“F1”, “F2”, “F3”], 
    band_def: [[3, 3, 3, 3, 3, 3, 3, 2, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 2, 2, 2, 2, 3], 
               [3, 3, 3, 3, 3, 3, 3, 2, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 2, 2, 2, 2, 3], 
               [3, 3, 3, 3, 3, 3, 3, 2, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 2, 2, 2, 2, 3], 
               [3, 3, 3, 3, 3, 3, 3, 2, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 2, 2, 2, 2, 3], 
               [3, 3, 3, 3, 3, 3, 3, 2, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 2, 2, 2, 2, 3], 
               [3, 3, 3, 3, 3, 3, 3, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 3] 
               [3, 3, 3, 3, 3, 3, 3, 3, 3, 3, 3, 3, 3, 3, 3, 3, 3, 3, 3, 3, 3, 3, 3, 3]] 
} 

The response message should contain information about the customers in the district, in particular their 

names (e.g. the classes of consumption considered in the DAREED district monitoring tool) and the 

aggregated consumption: 

{ 
    cstm_names: [<customer names (e.g. consumption classes)>], 
    cstm_prof: [[<number>]] // one row per customer, one column per price band 
} 

The type of interaction that we have described assumes that the Knowledge manager provides an API to 

obtain the list of districts currently defined in the DAREED platform, in particular their IDs, names, and 

possibly a longer description. 

3.2.3.2 Building-Level DSS for Energy Providers 

The DAREED platform features a single DSS that operates at building level and targets energy providers. 

In particular, the tool allows one to obtain suggestions for Time Of Use based prices for a set of large 

buildings: this is useful to support (e.g.) the definition of a tariff tailored to a large customer. 

The tool employs basically the same information as the district level DSS, except that the consumption 

profiles refer now to individual buildings. As a consequence, the request message from the DSS to the 
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Knowledge Manager will need to specify exactly the buildings whose consumption the tool user needs to 

take into account. A possible format for the message is therefore: 

{ 
    buildings: [<building id>], 
    price_bands: <price band specification> 
} 

The response message would need to contain only the aggregated consumption data, for each building: 

{ 
    bldg_prof: [[<number>]] // one row per building, one column per price band 
} 

As an alternative, it would also be possible to use the same response format for as the district level tools, 

and leave up to the DSS to interpret the data in a different way. 

The type of interaction that we have described assumes that the Knowledge manager provides an API to 

obtain the list of buildings currently defined in the DAREED platform, similarly to the district-level case. 

3.2.3.3 Integration Tasks 

The main entry point for the integration is the District Overview Service of the Knowledge Manager. It will 

inform the Decision Support Tools about district metadata, including the consumption classes defined in the 

district model. From the analysis above, it follows that the main challenge facing the integration relates to 

providing a fine-grained overview of the development of the district consumption (aggregated per consumer 

class) and observed energy prices. This overview will more readily fit with the model underlying the 

Decision Support Tools.  

We summarize the integration points in the table below. 

Table 20: Integration tasks related to the Decision Support Tools 

Task Number Component Description 

19 Knowledge Manager Provide a fine-grained development 

overview of the energy prices in a district. 

20 Knowledge Manager Retrieve a yearly consumption 

aggregation given a price band definition. 

21 Decision Support Tools Facilitate the optimisation model 

initialisation by obtaining district data. 

3.2.4 Computational Tool 

We conclude the functional integration discussion by discussing the further development of the 

Computational Tool during the integration phase. 
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As already described in [28], the Computational Tool consults the DAREED ontology in order to better 

understand user queries and navigates the Knowledge Graph, the underlying model behind the Knowledge 

Manager for providing relevant results. There are no additional requirements regarding the functional 

integration of the Computational Tool with the platform beyond the extension of the Knowledge Graph. 

As discussed in the previous sections, the extensions of the Knowledge graph include the integration of the 

simulation and citizen data. This covers not only the statistics on consumption and generation, but also the 

overview on the district key performance indicators and tariff information. The Tool’s interface would very 

likely need to be adjusted, in order to better present the additional information to the user in an appropriate 

manner. Furthermore, as we look forward to opening the platform to citizens of multiple nationalities, the 

issues of term disambiguation and internationalisation need to be properly addressed. The semantic 

technologies, underlying the knowledge graph, provide such capabilities, and what remains during the 

integration phase is the user interface to leverage them. 

The most critical integration task concerning the Computational Tool is actually preventing it exposing too 

much information. Users shouldn’t be able to obtain, via search queries, information they aren’t authorized 

to view. The Knowledge Manager should therefore provide guarded interfaces to the underlying graph 

structure which authenticate and authorize information requests. 

Figure 13: Access control rules for information access on the platform 
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We summarise the integration tasks relating to the Computational Tool in the following table. 



    

Title: Integration Plan 

Status: Submission for Approval 

Version: 16.0 

Access: PU 

 

49 

 

Table 21: Integration tasks related to the Computational Tool 

Task Number Component Description 

23 Knowledge Manager Adapt the user interface in accordance 

with the knowledge graph extension. 

24 Knowledge Manager Provide a secured view on the knowledge 

graph based on access rules.  

25 Computational Tool Adapt the knowledge graph navigation to 

the secured interface. 

 

 Integration Schedule 

We organise the integration efforts by defining three milestones or “integration grades” which the common 

platform envisions: 

 Milestone 1: this milestone encompasses the prototyping phase of the platform. By now, much of 

the activities related to it have been completed. In this phase, the tools are acting as separate units 

which are able to demonstrate added value for each target group, but do not benefit from a central 

district model. The integration is limited to bringing each component under a common graphical 

user interface. Thus, the Knowledge Manager plays only a minor role, since the data requirements 

of each tool are either satisfied by its internal data storage or it relies on manual entry of district-

related information. Nevertheless, a considerable groundwork has been laid toward the knowledge-

based integration of the district data. The preliminary work includes the first definition of the 

DAREED ontology and automatic means for extracting a knowledge graph from the Data Manager 

and the simulation tools. The results of these works have been demonstrated with the 

Computational Tool. 

 Milestone 2: the common district model is completed in the second phase of the integration. The 

platform district monitoring facilities are enhanced by taking into consideration not only the real-time 

consumption and generation data from monitoring devices, but the citizen’s bill information and 

results from the simulation tools. The knowledge manager facilitates the data and functional 

integration by taking into account the combined information from the platform’s facilities and 

exposing it through a single endpoint. 

 Milestone 3: the third integration step enables the platform to leverage the combined district model 

in order to trigger real change across the district. The main feature gained during this phase is the 

connection of the district monitoring facilities with the citizen awareness tool. This will enable the 

platform to automatically notify citizens, the main target group of the platform, about key events 
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they can participate in by changing their consumption behavior. The goal is to bring about real 

improvement of the energy efficiency by increasing the energy awareness among the citizens. 

The integration period spans the initial testing phase up until the introduction of the platform to a broader 

audience during the piloting. Since we consider Milestone 1 to be reached, it covers activities assigned to 

milestones 2 and 3.  The tasks elaborated in the deliverable, are enumerated once again in the table below 

along with their estimated delivery dates, responsible partners and related component of the platform’s 

architecture. 

Table 22: Integration schedule 

Task 

ID 
Task Description Start Finish Partner Component 

1 Milestone 2 01.06.16 Sun 31.07.16 
  

2 User Authentication 01.06.16 Sun 03.07.16 ISOTROL Backend 

3 
Energy Performance and 
Simulation Tool 

01.06.16 15.06.16 
  

4 
Expose the district properties in the 
district overview service. 

01.06.16 07.06.16 KIT 
Knowledge 
Manager 

5 
Expose the district-wide and building 
KPIs to the rest of the platform via an 
API. 

08.06.16 15.06.16 KIT 
Knowledge 
Manager 

6    Best Practices Tool 01.06.16 31.07.16 
  

7 
Expose district energy prices data 
from the platform in the district 
overview service. 

01.06.16 15.06.16 KIT 
Knowledge 
Manager 

8 
Expose the simulation input and 
output for integration with the district 
model. 

01.06.16 15.06.16 CETMA BPT 

9 
Integrate the district tariff data in the 
Best Practices Tool and provide 
saving figures. 

16.06.16 30.06.16 CETMA BPT 

10 
Collect optimization runs in a historic 
database. 

16.06.16 31.07.16 CETMA BPT 
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11 
Align the simulation input and output 
data with the Data Manager’s model. 

16.06.16 23.06.16 KIT 
Knowledge 
Manager 

12 
Integrate simulation nodes into the 
district profile computation. 

24.06.16 08.07.16 ISOTROL 
District 
Monitoring 

13    Citizen Awareness Tool Fri 24.06.16 Sun 31.07.16 
  

14 
Align the Citizen Awareness data 
model with the platform’s district 
model. 

24.06.16 03.07.16 KIT 
Knowledge 
Manager 

15 
Classify citizens according to the 
current district circumstances. 

04.07.16 31.07.16 KIT 
Knowledge 
Manager 

16 
 Integrate Citizen's data into the 
district profile computation. 

11.07.16 31.07.16 ISOTROL 
District 
Monitoring 

17 
 Integrate the Citizen Awareness Tool 
with the common authentication 
service. 

04.07.16  31.07.16 CLEOPA 
Citizen 
Awareness 

18    Decision Support Tools 01.06.16 31.07.16 
  

19 
Provide a fine-grained development 
overview of the energy prices in a 
district. 

01.06.16 07.06.16 KIT 
Knowledge 
Manager 

20 
Retrieve a yearly consumption 
statement given a price band 
definition. 

08.06.16 15.06.16 KIT 
Knowledge 
Manager 

21 
Facilitate the optimisation model 
initialisation by obtaining district data. 

16.06.16 31.07.16 UNIBO DST 

22    Computational Tool 01.06.16 31.07.16 
  

23 
 Adapt the user interface in 
accordance with the knowledge 
graph extension. 

01.06.16 31.07.16 OX 
Computational 
Tool 

24 
Provide a secured view on the 
knowledge graph based on access 
rules. 

01.06.16 04.07.16 KIT 
Knowledge 
Manager 
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25 
 Adapt the knowledge graph 
navigation to the secured interface. 

05.07.16 Sun 31.07.16 OX 
Computational 
Tool 

26 Milestone 3 01.08.16 31.08.16 
  

27 
Energy Performance and 
Simulation Tool 

01.08.16 31.08.16 
  

28 
Update the district properties of each 
district entity. 

01.08.16 31.08.16 CETMA EPT 

29    Best Practices Tool 01.08.16 31.08.16 
  

30 
Provide an interface to the collected 
best practices trends. 

01.08.16 14.08.16 CETMA BPT 

31 
Provide an interface to the market 
place which leverages the best 
practices trends. 

15.08.16 31.08.16 ISOTROL Marketplace 

32    Citizen Awareness Tool 01.08.16 31.08.16 
  

33 
Provide a citizen notification 
mechanism for the platform’s 
monitoring facilities. 

01.08.16 31.08.16 ISOTROL 
District 
Monitoring 
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 Gantt 

chart 

Figure 14: 

Integration 

timeline 
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 Conclusion 

The present deliverable outlined the plan for integrating the components of the DAREED platform. We 

looked at two topics of critical importance for the integration. In the first, we presented the data models of 

the components participating in the construction of the district model. This analysis informed the 

requirements for the functional integration which examined the interfaces exposed by different components 

and the gaps that need to be addressed during the integration phase. 

A significant part of the integration tasks is achieved by services of the Knowledge Manager. Following the 

knowledge-based approach outlined in previous deliverables, we extend the DAREED ontologies with the 

citizen’s bill data and the simulation outputs in the frame of the data integration. The alignment of those 

models with the DAREED ontology will facilitate their mutual interoperability. The next step, envisioned by 

the functional integration, is to expose parts of the accumulated knowledge graph via a RESTful interface. 

Our goal with the integration is twofold. First, we believe that a tighter coupling will lead not only to a better 

insight into the district performance, but improve the common infrastructure used for reaching out to 

citizens. Second, by leveraging semantic technologies, we hope to increase the interoperability of the 

platform’s toolset with external parties. It should make a compelling case for participation by another 

stakeholder equally important to the wider adoption of the platform – that of experts, prosumers and 

scientists. 

We will follow up the present plan in the subsequent report planned in the frame of Work Package 6. It will 

lay out the alignments of the data models with the ontology and the precise specifications of the services of 

the Knowledge Manager. 
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