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1. PUBLISHABLE EXECUTIVE SUMMARY  

The role of this document is to report the activities performed under T2.3.More specifically the 

role of this task is to provide the semantic modelling of all necessary information for the 

collection and manipulation regarding energy user, business process modelling, building 

information model, organizational structures, etc. toward the calculation of Operational 

Ratings and Enhanced Display Energy Certificates as reference models. The creation of these 

Open Reference models will stimulate the collaboration between OrbEEt participants and the 

potential users of its outcomes, including start-ups and policy makers as these results are seen 

as exploitable assets and knowledge artefacts. 

 

Therefore the role of this task is twofold: 

- To provide the semantic modelling of the information for the collection of energy user, 

business process modelling, building information model, organizational structures, 

etc. toward the calculation of Operational Ratings and Enhanced Display Energy 

Certificates building upon pilot results from T2.2 (documented in D2.1). 

- To create the associated Open Reference models that can transfer the knowledge 

gained from the specific pilot sites to a wider range of applications in the same domain. 

 

The semantic modelling is a specific representation of the overall OrbEEt Common Information 

Model presented in D1.4 while the reference models are further defined as abstract 

representation of the business processes defined in the project, further associated with building 

characteristics and device elements as examined also during the project. 
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2. INTRODUCTION  

2.1 Purpose of the document 

This actually the structure of the work in this document. Starting from a literature review about 

the importance of reference models in Section 3, we proceed with the semantic model view in 

Section 4 and the definition of Open Reference models in Section 5. The summary of the work 

is provided in Section 6. 

 

The focus of the document is contribute to the practionners, industrial and scientific 

community in the domain (implementation of energy efficiency applications with special focus 

on incorporating of occupants and building organization behaviours), by providing the data 

models and the associations among the core entities as examined in the project (devices, 

buildings, organizational roles, business processes & occupants’ behaviour). 

2.2 Contributions of partners 

There are two partners actively contributing in this task and the associated deliverable: 

- BOC is the leading partner responsible for the extraction of the Open Reference models 

of business processes associated with the main building entities. These models may be 

further exploited in other applications and domains (abstraction from the pilot site 

specificities) 

- HYPERTECH is contributing on the specific view of the semantic models for the 

association of information having to do with of energy uses, business process 

modelling, building information model, organizational structures etc… This is a 

specific viewpoint to the project Common Information model as defined in D1.4 

(Project Reference Architecture) 

Therefore, the technical partners involved on the development of SEOR Engine and of 

Enhanced Display Energy Certificates are contributing in this task 

2.3 Relations to other activities 

Towards the extraction of the Open Reference models from the project input from different 

tasks of the work is considered. More specifically from WP1 we are considering the Systemic 

& Enhanced Operational Rating Models Specifications in T2.1 and the definition of the 

reference architecture in T1.4 where we define the different semantic elements that consist of 

the overall data model of the project. 

In WP2, the main input from T2.2 Pilot Site Organizational Modelling & Systemic Enterprise 

OR, towards modelling the different business processes performed at each pilot site, further 

associated with the building entities and inter-relations between these models. Actually, the 

abstract view of these business processes defined for each pilot site, consist of the Open 

Reference models documented in this deliverable. 

The outcome of this work is standing as a public document, reporting the modelling work 

performed in the project, associated with Operational Ratings and Enhanced Display Energy 

Certificates as an exploitable asset and knowledge source for the community. 
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3. UNDERSTANDING THE TERM - REFERENCE 

MODEL 

In the following chapter we define what a model is, what a reference model is and how open 

reference models differ to the generic reference models. The chapter will conclude with an 

understanding of how the use of open reference models applies to the OrbEEt project and the 

sustainability of the results in the future. The following theoretical introduction to the topic is 

based on the results developed for the ADPT4EE project, reported as deliverable 4.3 Pilot 

Domain Reference Models, including the definition context below. 

As a generic definition of what a model represents is to say that a model is used as a description 

for a social role, archetype, or job in the context of various domains like architecture, design, 

fashion, cars, statistics and even zoology [7]. A more technical definition of what a model is, 

states that models are a representation of either a reality or a vision that are created for some 

certain purpose with an intended goal in mind [8]. These definition subsume common 

characteristics: abstraction from reality for a specific purpose to reduce complexity and enable 

understanding. In contrast to definition from the software and computer science where models 

are used for model-driven engineering of software product, in the following we understand the 

term as a knowledge representation for further application.  

3.1 Definition: Reference Models 

As model content is developed in the course of the project, the concept of reference models are 

used to create a re-usable stack of existing models from a specific domain as they are used to 

pull together a bird’s eye view or of a more specific problem space. Once created a reference 

model can be considered as a generic abstract framework or as a domain specific representation 

that enables uptake, shorten the implementation time and provides a starting point for interested 

stakeholders in the outcomes of the project. Reference models are defined by experts of a certain 

domain with a common goal of encouraging clearer communication for other members of the 

same domain or community and beyond. Therefore different stakeholder are interacting with 

the model base according to their specific needs..  

3.2 Definition: Open Reference Model 

Open reference models differ slightly to the generic reference models outlined above. The 

"open" refers to the terms of usage of models in reference to those used on an open basis. The 

creation, development and maintenance of open models is considered to be community driven, 

proposing a common description format and structure to allow uptake and comparison. Experts 

and novice users alike are part of the user community and any interested party is free to use the 

content and apply it to their needs. An "open model" is licensed under the terms which provide 

the licensee with unrestricted access to all model representations and documentation as well as 

royalty-free, non-exclusive rights to copy, redistribute, use and modify the model and the model 

documentation. 

3.3 Use of Reference Models in Industry 

Using reference models helps organizations to become more responsive to market changes and 

improves their core business by using standardized and industry specific best practices. The 

reference processes cannot simply be implemented alone as there has to be a commitment and 

dedication from the organisation as a whole to employ a value driven approach to BPM and 

avoiding the pitfalls of focusing on methods and tools. Frameworks of reference model adoption 
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projects can sometimes require even more up front efforts to ensure smart decisions are taken 

at the beginning of the project to reduce rework and to broaden the cultural acceptance and 

speed of adoption of the framework. This is especially true for the domain of Business Process 

Management (BPM) as industry-driven initiatives have evolved over time to establish 

community of practice to share results and allow for cross-industry comparisons. 

For people who are not experts in the area of BPM, the use of a reference model appears to 

make very practical sense. Instead of getting writers block and staring at a blank sheet of paper, 

it is possible to get a head start by utilizing parts of a generic model that applies in some way 

to the organisation which speeds up the arduous initial task of identifying, sorting, categorizing 

and organizing their processes into an understandable process architecture. A process 

framework then enables an organization to rapidly get on the same process page and drive 

consistency across all the process and performance initiatives that are running. A certain level 

of maturity needs to exist within an organization to fully exploit the value of implementing a 

reference model so baselines should be defined in the early stages so that perceived benefits 

can be measured against a roadmap for increasing value. 

3.4 Existing Industry Reference Models 

A number of reference models exist for BPM but models exist also to address other domains 

within an organization such as IT service management, in the areas of strategy and performance 

management and enterprise architecture management. There are currently approximately 30 

different reference models for business in use including well known examples such as:  

 Supply Chain Operations Reference (SCOR) Model: as a process reference model 

developed and endorsed by the Supply Chain Council [10]. 

 ITIL - is the most widely accepted approach to IT service management in the world. 

ITIL provides a cohesive set of best practice, drawn from the public and private sectors 

internationally [17]. 

 TOGAF - Version 9.1 is a detailed method and set of supporting resources for 

developing an Enterprise Architecture [12] 

 eTOM is the Business Process Framework (eTOM) from the TMForum’s blueprint for 

enabling successful business transformation and is a critical component of their 

Framework [13]. 

 IBM Insurance Application Architecture models are a comprehensive suite of 

models comprising of data, process and service-based models that help insurers 

accelerate the planning of business process transformation [14] 

 APQC Process Classification Framework: this framework provides a classification 

structure for business processes on an industry-independent level [21]. 

 ADAPT4EE Pilot Reference Models: these results have been established in the 

context of the ADAPT4EE project and re-usable for the domain [6]. 

3.5 Reference Models in OrbEEt Project  

In OrbEEt the Open Reference Models are being developed on two levels: 

Concept Level: on this level, the meta-model and structure to establish the SEOR engine and 

rating logic are described based on the architectural work. This result is made available schema 

definitions and semantic models. 

Model Level: to ensure the sustainability of the results achieved in WP2 will remain within the 

EMS domain going forward through the projects SVN site as the following URL:  
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http://orbeet.boc-group.eu/d2.3/  

The model packages can be downloaded directly and used as public resources. As the project 

consortium considers further modifications on this level, an evolution is available through this 

online platform. 

The open model packages developed at the four pilot sites will be readily available to download 

and to be reused by designer and engineers together with the results of the other work packages 

of OrbEEt and the results of the project as a whole using standard format (e.g BPMN for 

business processes) to prevent a tool/vendor lock-in. 

The packages will consist of the detailed business processes that have been anonymized and 

changed into reference models and also the skeleton activity models that were developed in 

T2.1 and T2.2. 

Interested users will be able to reuse the models from the energy management domain (focus 

on the types of buildings examined in the project, municipality/office buildings, research 

institutes, museums) for example to avoid or at least reduce the high volume man power 

requirement to model the business processes, resources and organizational aspects for the 

energy management practice that is undertaking the project. They will therefore not be starting 

from scratch and as the models are open they can add to the models if additional processes are 

found to be executed regularly in the space being assessed. Likewise if only a smaller selection 

of processes is required for the specific simulation run then they can be exported separately in 

the CIM XML schema as necessary. It will be possible to use the open reference models as the 

baseline and change certain parameters that may apply to the organization using the new space 

being developed or refurbished. For example if there are more employees of a specific role 

working in the organization or if there is a higher volume of a certain process that is performed 

in a busier environment then these parameters can be changed. 

  

http://orbeet.boc-group.eu/d2.3/
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4. SEOR ENGINE & EDECS SEMANTIC MODELLING  

The goal of this section is to provide the data model representation of the SEOR Engine and 

eDECs considering the specifications analysis performed in T1.2 “Specs of SEOR methodology 

and Enhanced Display Energy Certificates” [1] and subsequently the developments performed 

in “T3.3 Organization Analytics & Enhanced OR Services Development”[4] & “T3.2 Ambient 

End-User Interfaces & Gamification Services Development”[3] with focus on the eDECs 

development. 

This semantic representation is a view of the overall ORBEET model as presented in T1.4 [2], 

further specified to address the project specific KPIs that are analysed by the SEOR engine and 

presented through the enhanced Display Energy Certificates. The semantic modelling process 

covers all the main attributes addressed in the project: energy uses, business process 

modelling, building information model, organizational structures, occupants’ behaviour.  

An overview of the model is presented in the following section, followed by a short description 

of each class of the model. The methodology proposed to develop the OrbEEt semantic model 

was devised taking into account best practices in the domain, both in terms of techniques and 

tools as well as in terms of overall approach. Thus we chose to rely on proven and well 

understood tools and techniques such as UML and XSD. Similarly to the definition of OrbEEt 

overall data model, we adopt a bottom-up approach, starting from the description of specific 

parts (sub-models) and gradually merging the produced sub-models into a holistic and 

consistent model of SEOR engine and eDECs. The development of the semantic model is 

delivered by using Altova XMLSpy [5] tool. In Annex I, we provide the XSDs of the associated 

semantic representation. 
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Figure 1 SEOR Engine &eDECs Semantic Modelling 
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The analysis focus on the definition of the static elements that consist of the overall OrbEEt 

skeleton while the dynamic elements, namely the indicators, defined per application model, 

here SEOR engine & eDECs. Therefore as part of the work we are defining the enumeration 

classes that handle the metrics/ KPIs considered as part of the application (SEOR Engine) and 

business layer (eDECs) of the project. This semantic representation goes beyond the typical 

representation of DECs, covering the full list of KPIs examined in the project as part of this 

development layer. A detailed description of the data model classes are presented. 

Towards the definition of the semantic model, we consider the BIM and BPM models as the 

main entities that trigger the static representation of the system. Starting from BIM model, the 

hierarchical structure is presented, starting from the facility entity, to building to floor and 

further office granularity. This hierarchy is presented in the following schema 

 

Figure 2 BIM abstract modelling  

 

The office/space attribute is the lowest level of the space granularity; we have the semantic 

representation associated with the users/occupants, devices and business processes that taking 

place. 
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Figure 3 Space/ Zone Modelling  

The list of KPIs associated with a specific space/zone (and further aggregation of them to 

calculate the KPI values at floor, building & facility level) is presented in the following figure. 

This is an enumeration class, specifying the indicator ID attribute as defined in the model. 

 

 

Figure 4 Space/ Zone KPI values  

 

Then, and through the BIM model, the association of devices with specific offices is presented. 

The detailed attributes required for modelling of a device within the context of the project are 

defined. 
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Figure 5 Device Modelling  

Once again, the enumeration class is defined to specify the KPI values for each device type 

associated with IndicatorID attribute defined above. 

 

Figure 6 Device KPI values  

 

Following to the BIM related parameters, BPM semantic representation is provided. The 

detailed modelling of Business processes is defined in the next section along with the definition 

of open reference models, though a representation is provided here. The focus is on the 

definition of business processes, associated to specific office/space areas & devices, and 

further to specific occupants, defined as business roles in OrbEEt project.  
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Figure 7 Business Process Modelling  

An enumeration class is defined, associated with the Indicator ID which is the type of KPIs 

calculated by SEOR engine (and further some of them visualized via eDECs). The enumeration 

class is further presented.  

 

Figure 8 Business Processes KPI values  
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Furthermore, in order to address Human Preferences as part of OrbEEt framework, the 

association of office class with occupants’ class, and further the association of offices with 

sensor devices, defines the structure for the extraction of thermal and visual preferences as 

considered for each business role. The preference values are considered as attributes in the 

model, considered also as KPI parameters in eDECs. 

 

Figure 9 Occupant Behaviour Modelling  

 

It is obvious that the overall model is a synthesis of energy uses, business process modelling, 

building information model, organizational structures, and occupants’ behaviour 

associated with KPIs that set the overall SEOR and eDECs framework. We have to point out 

that we are not distinguishing the KPI values to typical and actual. The goal of the semantic 

model is to define the modelling aspects themselves, avoiding to define the instances of each 

specific application. The aforementioned semantic representation is considered as the data 

model representation for both SEOR Engine and eDECs engine, setting that way the overall 

data modelling framework that could be further exploited for the repetition of OrbEEt work in 

other case studies. We have to point out that additional KPIs have been defined to address the 

OrbEEt specific behavioural triggering framework. It is not the scope of this document to 

address also these KPI values considering the main objective of this task, to provide an abstract 

model for the innovative enhanced display energy certificates as defined in the project. 
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5. FROM ORBEET BPM MODELS TO OPEN REFERENCE 

MODELS 

The purpose of this section of the deliverable is to introduce the approach applied to 

update/modify the detailed business process, resource and related models into open reference 

models. Based on the extraction approach, a common structure to present the open reference 

models online at the link provided above is show. 

5.1 Extraction of OrbEEt Open Reference Models 

The purpose of this section is to introduce the approach and develop a common methodology 

as a checklist to transform newly created BPM packages before being released to the 

community. 

In the following the methodology to perform this transformation is briefly introduced, each 

phase of the methodology applied is detailed by providing an analysis on input and output 

relations as well as providing an example of the steps performed. 

 

 

Figure 10 - Open Reference Model Transformation Methodology 

 

In order to create the open reference models for the pilot domains a procedural approach was 

introduced. The various phases of the procedure model are illustrated by Figure 10 above. Each 

of the phases of the procedure model is described in the following section using a common 

template. 

 

1 Analyse the Inputs 

Before the open models could be developed the existing models that were presented in D2.2 – 

Pilot Site Organizational Modelling & Systemic Enterprise OR needed to be analyzed so that 

candidates for open model development could be selected from the model stack. The models 

needed to be seen to be common models that were describing processes for everyday activities 

in the given domain. 

Considerations: 

- Granularity: an important aspect in deriving the packages does lie upon the level of 

granularity to be applied. For the pilot domains, and due to the approach chosen to 
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develop the models, different levels of granularity are supported, ranging from full 

domain models to process areas – the analysis results in this area are input to step 2 

- Re-usability: re-usability must be ensured during this phase. Pilot specific elements are 

removed and excluded from the package (e.g. specific elements that only occur for 

BhOE/Pernik) – the analysis results in this area are input to step 3 

Application on Four Pilot Results  

All inputs that were modeled in T2.1 and T2.2. It was decided to include all model types that 

were utilized from the modeling method provided by the ADONIS tool in the cloud. As a result 

the packages that were created include Business Process Models, Business Process Diagrams 

(BPMN 2.0), Working Environment Models and IT System models. The IT System models 

were used to represent the locations and the resources used to support the process execution.  

 

Figure 11 Dependencies of Models 

Figure 11 shows the interdependencies of a reference model package on an abstract level: 

- Business Process: the core element is the business process. This process representation 

is provided on an overview level (process landscape) and detailed level (BPMN 2.0) 

- Resource View: Resources are mapped and cross-linked with processes (orange 

relation) and also located on the BIM (dashed relation) 

- Organisational View: Organisational structures are related to processes (green 

relation) and BIM (dashed relation) 

- SEOR Calculation Model: the SEOR engines input model is dynamically calculated 

based on the above spider network, done through graph rewriting and transformation 

techniques (blue relation). 

The enumeration values for the spaces where the activities are executed in the pilot domains 

were taken from the Green Building XML open schema. This schema has become the defacto 

industry standard and helps facilitate the transfer of building properties stored in 3D building 

information models (BIM) to engineering analysis and simulation tools. By using this existing 

schema and enumeration values any new processes that are added to the open reference models 

can use the complete list of space types as defined by gbXML and will therefore cover almost 

all types of building spaces. A smaller model containing only the subset of space types that 

were taken into account based on the pilot areas being monitored in the two pilot sites is also 

part of the open reference models.  
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Figure 12 - Detailed Resource Model Mapped to gbXML 

The same approach was used for the creation of the resource models. There were a number of 

resources modelled in the pilot domains and each of the various resources were mapped to an 

equipment type enumeration value taken from the gbXML schema. A full model containing all 

possible equipment types that are contained in the gbXML schema has been included in the 

open reference models. For the pilot domains smaller models were created only containing the 

subset of resource types that were used to support the execution of the models. 

Table 1 Step 1 – Analyse the Inputs 

 

2 Identify Common Process Variants 

A Business Process Variant is a fundamental flow variant of a Business Process which uses the 

same input and delivers the same measurable outcome. We needed to see if any such processes 

existed across the model stack that were created during WP2. If any such variants were 

discovered they were considered prime candidates to be developed into a single open reference 

model as they could be used as a starting point for more than one scenario based on the target 

variant of the process. 

Application on Pilot Results  

Some processes that were modeled at the pilots in task 2.2 were modeled using a similar 

structure from different areas of the pilot domains. The processes resulted in a similar outcome 

and were therefore candidates to become a single reference model. The activities were also 

being performed in similar space types and by employees of the same role. These models were 

then combined together using the common elements to form open reference models.  

 

 

Figure 13 Example Detailed Business Processes (incl.  annotations) 

 

Table 2 Step 2 – Identify Common Process Variants 
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3 Standardise into Reusable Processes 

This step was employed to minimize the variation in the processes that were chosen to be part 

of the open reference models so that they could be applied in any proposed building within the 

same domain. A standardized process is a process with a series of repeatable steps. It should be 

clear and concise and remove any unnecessary waste where possible. 

Application on Pilot Results  

In some of the detailed processes it was required to remove and merge some of the steps or 

activities to create more uniform processes. This was not performed to the same degree of 

aggregation that was applied to create the skeleton activities. For the detailed business processes 

each of the single activities that were modelled needed to have a generic reference to the 

building space or location where it is expected that such an activity would be executed. In the 

detailed business processes as modelled in T2.2 specific location names were used that were 

identifiable in the pilot areas. To develop the open reference models these names had to be 

mapped to the space types taken from the gbXML schema to ensure that they were generic 

names used to describe the space type where the activity was being performed. This aided in 

the creation of the standardised processes and also ensured that all data protection policies were 

adhered to in relation to the space names.  

Table 3 Step 3 – Standardise into Reusable Processes 

 

4 Remove Personal or Confidential Content 

To ensure that we abided by the data protection constraints of the project we needed to remove 

any personal or confidential content that was contained in the detailed business processes for the 

pilot domains. As the open reference models will be readily available to the public they needed 

to be anonymized for this reason. All personal names and references to members of staff within 

the pilot domains needed to be removed from the models. It was also necessary to generalize the 

space types and resources used in all business processes. Each business process and other model 

types needed to be renamed to remove the reference to the pilot partners. 

Application on Pilot Results  

For the pilot sites one of the key goals was to anonymize all of the models that were created so 

that they could be released with no problems surrounding the data protection and privacy issues 

that the participating pilot companies could face.  

 

Figure 14 – Example Working Environment without Personal Information 
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For the working environment models all of the individual employee names were removed and 

the departments of the organisations were removed meaning only the roles involved in the 

businesses processes were part of the open model package that was developed. 

Figure 14 shows an example of the model containing only role objects that can be referenced by 

the business process models and by the business process diagram (BPMN 2.0) models. 

In T2.1 and T2.2 a specific naming structure was adhered to so that the models that belonged to 

the different pilot domains could be easily recognised using the partner abbreviations of BhoE, 

ERL, PER, ASP. For the open reference model packages the names of the pilot partners was 

removed from the name of each model and replaced where necessary to specify the domain with 

the name of the domain that the model related to for example ‘WE Healthcare Administration’ 

for the working environment model for the healthcare pilot domain.  

 

Table 4 Step 4 – Remove Personal or Confidential Content 

 

5 Annotate Metadata to Reference Models 

To ensure that we abided by the data protection constraints of the project we needed to remove 

any personal or confidential content that was contained in the detailed business processes for the 

pilot domains. As the open reference models will be readily available to the public they needed 

to be anonymized for this reason. All personal names and references to members of staff within 

the pilot domains needed to be removed from the models. It was also necessary to generalize the 

space types and resources used in all business processes. Each business process and other model 

types needed to be renamed to remove the reference to the pilot partners. 

Application on Pilot Results  

The necessary metadata description did happen on package level. For each package a cover sheet 

provides information on the actual content and related artefacts. 

Table 5 Step 5 – Annotate Metadata to Reference Models 

Based on this process the content is created, an example for a technical representation in a 

standard XML dialect (BPMN 2.0) is provided as part of the package. 

5.2 Usage of OrbEEt Open Reference Models 

The open reference models of OrbEEt are provided as self-contained packages that can be used 

to  

a) Read model information and apply in the OrbEEt system to start simulation jobs etc. 

without further modification  

b) Modify and update and provide back to the community package content to the 

domain/organisation in focus. 

5.3 Read Open Reference Models 

In order for the end user to read the contents of the model packages they must use any tool 

capable to import BPMN 2.0 standard. An example free tool provided by BOC is the 

ADONIS:Community Edition[16] available at www.adonis-community.com. The instructions 

how to download the software and import the relevant file is available online. Alternatively to 

get an overview of what is contained in the package the end user can peruse the export document 

http://www.adonis-community.com/
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that is provided as part of the package or browse through the model images that are also 

available.  

5.4 Modify and Update Open Reference Models 

The open reference packages will be made available to the energy management solutions 

community via the projects SVN repository, publicly available at  

 

http://orbeet.boc-group.eu/d2.3/ 

 

The packages will be split for each domain into a package containing the following elements: 

 ADOXML file of the open reference models that can be imported into the ADONIS 

Community Edition or analysed externally  

 XML file of complete package aligned to Common Information Model  

 A folder is also provided containing the images of all the models included in the specific 

package  

 A PDF document is provided containing all the information that is stored in the models 

including the images of the models and all notebook information.  

To be able to modify the content of the open reference models that have been developed in T2.4 

the end users will need to follow the procedure defined above and provide the content according 

to the package definition back to the ORBEET consortium via SVN interaction. 
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6. CONCLUSIONS  

In this deliverable we presented the results of the work performed in the scope of OrbEEt task 

2.4 – Open Reference Models for Systemic Enterprise Operational Rating and Enhanced 

Display Energy Certificates. The goal of the task was to create packages of models to enable 

the results of the modelling tasks in T2.1 and T2.2 to be shared in the public domain and to 

enhance the sustainability of the open model content in the future. Initially, the semantic 

modelling of SEOR framework was presented as an abstract representation of the overall 

OrbEEt data model presented in Section 1.4. Then, the detailed open reference models are 

presented. 

In total 3 open model reference packages have been developed as a result of task 2.4.  The open 

models will primarily be targeted at the EMS industry and other OrbEEt stakeholders interested 

in building simulation so that they can use real business process information in their simulation 

model rather than just average values for the purposes of alternative design evaluation. The 

models have been shared through a SVN and as the models are ‘open’ in nature it is foreseen 

that the packages will be built upon in the future to incorporate additional building types or 

business domains.  
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7. ACRONYMS AND TERMS 

SEOR ........................... Systemic Enterprise Operational Rating. 

eDECs .......................... enhanced Display Energy Certificates. 

BPM  ........................... Business Process Modelling. 

SCOR  ......................... Supply Chain Operations Reference. 

ITIL  ............................ Information Technology Infrastructure Library. 

eTOM  ......................... Enhanced Telecom Operations Map. 

EMS  ............................ Energy Management Solutions. 

CIM  ............................ Common Information Model. 

UML  ........................... Unified Mark-up Language. 

XSD  ............................ XML Schema Definition. 

BIM ............................. Building Information Model. 

KPI  ............................. Key Performance Indicator. 

BPMN  ......................... Business Process Model and Notation. 
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9. ANNEX I 

The XSD representation of the semantic modelling of SEOR engine & eDECs as presented in 

Section 4. 

 
<?xml version="1.0" encoding="UTF-8"?> 
<!-- edited with XMLSPY v5 rel. 4 U (http://www.xmlspy.com) by TEAM (RENEGADE) --> 
<xs:schema xmlns:xs="http://www.w3.org/2001/XMLSchema" elementFormDefault="qualified" 
attributeFormDefault="unqualified"> 
 <xs:complexType name="UserRole"> 
  <xs:sequence> 
   <xs:element name="RoleID"/> 
   <xs:element name="Description"/> 
  </xs:sequence> 
 </xs:complexType> 
 <xs:complexType name="KPIs"> 
  <xs:sequence> 
   <xs:element name="Name"> 
    <xs:simpleType> 
     <xs:restriction base="xs:string"> 
      <xs:enumeration value="Operational Rating"/> 
      <xs:enumeration value="Percentage Device Use "/> 
      <xs:enumeration value="Percentage Building Used"/> 
      <xs:enumeration value="Business Processes Utilization"/> 
      <xs:enumeration value="Business Process Cycle time"/> 
      <xs:enumeration value="Device Utilization Level "/> 
      <xs:enumeration value="Business Processes Utilization"/> 
      <xs:enumeration value="Building Utilization Level "/> 
      <xs:enumeration value="Primary"/> 
      <xs:enumeration value="CO2Emissions"/> 
      <xs:enumeration value="Consumption"/> 
     </xs:restriction> 
    </xs:simpleType> 
   </xs:element> 
   <xs:element name="IndicatorID"> 
    <xs:complexType> 
     <xs:simpleContent> 
      <xs:extension base="xs:ID"/> 
     </xs:simpleContent> 
    </xs:complexType> 
   </xs:element> 
   <xs:element name="Unit" type="xs:string"/> 
   <xs:element name="Metric"> 
    <xs:complexType> 
     <xs:sequence> 
      <xs:element name="Value" type="xs:string"/> 
      <xs:element name="Timeperiod"> 
       <xs:simpleType> 
        <xs:restriction base="xs:string"> 
         <xs:enumeration value="Day"/> 
         <xs:enumeration value="Month"/> 
         <xs:enumeration value="Year"/> 
        </xs:restriction> 
       </xs:simpleType> 
      </xs:element> 
      <xs:element name="Timestart" type="xs:dateTime"/> 
      <xs:element name="Timeend" type="xs:dateTime"/> 
     </xs:sequence> 
    </xs:complexType> 
   </xs:element> 
  </xs:sequence> 
 </xs:complexType> 
 <xs:element name="Facility"> 
  <xs:annotation> 
   <xs:documentation>Comment describing your root element</xs:documentation> 
  </xs:annotation> 
  <xs:complexType> 
   <xs:sequence> 
    <xs:element name="FacilityID" type="xs:ID"/> 
    <xs:element name="Name" type="xs:string"/> 
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    <xs:element name="Type" type="xs:string"/> 
    <xs:element name="Building" maxOccurs="unbounded"> 
     <xs:complexType> 
      <xs:sequence> 
       <xs:element name="BuildingID" type="xs:ID"/> 
       <xs:element name="Name" type="xs:string"/> 
       <xs:element name="Description" type="xs:string"/> 
       <xs:element name="Floor" maxOccurs="unbounded"> 
        <xs:complexType> 
         <xs:sequence> 
          <xs:element name="FloorID"/> 
          <xs:element name="Name" type="xs:string"/> 
          <xs:element name="Description" type="xs:string"/> 
          <xs:element name="Space" type="Space" maxOccurs="unbounded"/> 

<xs:element name="FloorKPIs" type="KPIs" minOccurs="0" 
maxOccurs="unbounded"/> 

         </xs:sequence> 
        </xs:complexType> 
       </xs:element> 
       <xs:element name="BuildingKPIs" type="KPIs" minOccurs="0" maxOccurs="unbounded"/> 
      </xs:sequence> 
     </xs:complexType> 
    </xs:element> 
    <xs:element name="FacilityKPIs" type="KPIs" minOccurs="0" maxOccurs="unbounded"/> 
   </xs:sequence> 
  </xs:complexType> 
 </xs:element> 
 <xs:complexType name="Device"> 
  <xs:sequence> 
   <xs:element name="DeviceID" type="xs:ID"/> 
   <xs:element name="DeviceType" type="xs:string"/> 
   <xs:element name="Nominal" type="xs:float"/> 
   <xs:element name="Fuel"> 
    <xs:complexType> 
     <xs:sequence> 
      <xs:element name="CO2ratio" type="xs:float"/> 
      <xs:element name="energyratio" type="xs:float"/> 
     </xs:sequence> 
    </xs:complexType> 
   </xs:element> 
   <xs:element name="BusinessProcess" type="Process" minOccurs="0" maxOccurs="unbounded"/> 
   <xs:element name="DeviceKPIs" type="KPIs" minOccurs="0" maxOccurs="unbounded"/> 
  </xs:sequence> 
 </xs:complexType> 
 <xs:complexType name="Space"> 
  <xs:sequence> 
   <xs:element name="SpaceID"/> 
   <xs:element name="Name" type="xs:string"/> 
   <xs:element name="Type" type="xs:string"/> 
   <xs:element name="User" type="Occupant" maxOccurs="unbounded"/> 
   <xs:element name="Process" type="Process" minOccurs="0" maxOccurs="unbounded"/> 
   <xs:element name="Device" type="Device" maxOccurs="unbounded"/> 
   <xs:element name="SpaceKPIs" type="KPIs" minOccurs="0" maxOccurs="unbounded"/> 
  </xs:sequence> 
 </xs:complexType> 
 <xs:complexType name="Sensor"> 
  <xs:sequence> 
   <xs:element name="Type"> 
    <xs:simpleType> 
     <xs:restriction base="xs:string"> 
      <xs:enumeration value="PIR"/> 
      <xs:enumeration value="Humidity"/> 
      <xs:enumeration value="Luminance"/> 
      <xs:enumeration value="Temperature"/> 
     </xs:restriction> 
    </xs:simpleType> 
   </xs:element> 
   <xs:element name="DeviceID" type="xs:ID"/> 
   <xs:element name="Name" type="xs:string"/> 
   <xs:element name="Unit" type="xs:string"/> 
   <xs:element name="SenseEvent" minOccurs="0" maxOccurs="unbounded"> 
    <xs:complexType> 
     <xs:sequence> 
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      <xs:element name="Consumption" type="xs:float"/> 
      <xs:element name="Timestamp" type="xs:dateTime"/> 
     </xs:sequence> 
    </xs:complexType> 
   </xs:element> 
  </xs:sequence> 
 </xs:complexType> 
 <xs:complexType name="Occupant"> 
  <xs:sequence> 
   <xs:element name="UserID" type="xs:ID"/> 
   <xs:element name="Role" type="UserRole"/> 
   <xs:element name="Process" type="Process" minOccurs="0" maxOccurs="unbounded"/> 
   <xs:element name="Thermal"> 
    <xs:complexType> 
     <xs:sequence> 
      <xs:element name="LowTemp" type="xs:float"/> 
      <xs:element name="HighTemp" type="xs:float"/> 
      <xs:element name="MedianTemp" type="xs:float"/> 
      <xs:element name="LowHum" type="xs:float"/> 
      <xs:element name="HighHum" type="xs:float"/> 
      <xs:element name="MedianHum" type="xs:float"/> 
     </xs:sequence> 
    </xs:complexType> 
   </xs:element> 
   <xs:element name="Visual"> 
    <xs:complexType> 
     <xs:sequence> 
      <xs:element name="LowLuminance" type="xs:float"/> 
      <xs:element name="HighLuminance" type="xs:float"/> 
      <xs:element name="MedianLuminance" type="xs:float"/> 
     </xs:sequence> 
    </xs:complexType> 
   </xs:element> 
  </xs:sequence> 
 </xs:complexType> 
 <xs:complexType name="Process"> 
  <xs:sequence> 
   <xs:element name="ProcessID"/> 
   <xs:element name="Name" type="xs:string"/> 
   <xs:element name="Description"/> 
   <xs:element name="Space" type="Space" maxOccurs="unbounded"/> 
   <xs:element name="Period"> 
    <xs:complexType> 
     <xs:sequence> 
      <xs:element name="Starttime" type="xs:dateTime"/> 
      <xs:element name="Endtime" type="xs:dateTime"/> 
     </xs:sequence> 
    </xs:complexType> 
   </xs:element> 
   <xs:element name="Occupant" type="Occupant" maxOccurs="unbounded"/> 
   <xs:element name="Device" type="Device" maxOccurs="unbounded"/> 
   <xs:element name="ProcessKPIs" type="KPIs" minOccurs="0" maxOccurs="unbounded"/> 
  </xs:sequence> 
 </xs:complexType> 
</xs:schema> 
 


