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Abstract 

Approximately 40% of the total energy consumption within the EU is due to 
buildings, and similar numbers can be found in the US. If the principal 
inefficiencies in buildings were easily identifiable, then a facility manager could 
focus their resources to make the buildings more efficient, which would lead to 
both cost savings for the facility owners and decrease the building’s ecological 
footprint. 

In building automation systems today, data is already being collected every 
second, but due to the lack of standardization for describing this data, having 
access to data is not the same as being able to make use of it. The existing 
heterogeneity makes it very costly to gather data from multiple buildings, thus 
making it difficult to understand the big picture. 

Facility managers cannot fix what they cannot see; thus it is important to 
facilitate the visualization of the data collected from all of the different building 
automation systems. This potentially offers great benefits with regards to both 
sustainability and economy. In this thesis, the author’s goal is to propose a 
sustainable, cost and time effective data integration strategy for real estate owners 
who wish to gain greater insight into their buildings’ efficiency. The study begins 
with a literature study to find previous and on-going attempts to solve this 
problem. Some initiatives for standardization of semantic models were found. Two 
of these models, Brick and Haystack, were chosen. One building automation 
system (BAS) was tested in a pilot case study, to test the appropriateness of a 
solution. 

The key results from this thesis project show that data from building 
automation systems, can be integrated into an analysis platform, and an extract, 
transform, and load (ETL) process for this is presented. How time efficiently data 
can be tagged and transformed into a common format is very dependent upon the 
current control system’s data storage format and whether information about its 
structure is adequate. It is also noted that there is no guarantee that facility 
managers have access to the control system’s database or information about how 
that is structured, in such cases other techniques can be used such as BACnet/IP, or 
Open Platform Communications (OPC) Unified Architecture.   

Keywords 

Building Automation System, Smart buildings, Big data, Building Management 
System, Project Haystack 
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Sammanfattning 

Ungefär 40 % av den totala energikonsumtionen i E.U. och U.S.A. förbrukas av 
fastigheter. Om de delar av fastigheten som är ineffektiva enkelt kunde identifieras, 
skulle det underlätta fastighetsförvaltarnas arbete i att göra byggnader mer 
energisnåla. Detta har i sin tur potential att minska kostnader och byggnaders 
ekologiska fotavtryck. 

I dagens fastighetsautomationssystem samlas data in varje sekund, men på 
grund av att det saknas ett standardiserat sätt att beskriva den på, är det skillnad 
på att ha tillgång till data och att faktiskt kunna använda sig av den. 
Heterogeniteten gör att det blir både kostsamt och tidskrävande för 
fastighetsförvaltare att samla in data från sina fastigheter. 

Fastighetsförvaltare kan inte åtgärda något det inte kan se. Därför är det viktigt 
att underlätta möjligheten för visualisering av data från olika typer av 
fastighetsautomationssystem. Att lyckas med detta har potential att ge positiva 
effekter både när det gäller hållbarhet och ekonomi. I den här uppsatsen är 
författarens mål att komma fram till en hållbar, kostnads- och tidseffektiv 
integrationsstrategi för fastighetsförvaltare som vill få bättre insikter hur effektiv 
deras byggnad faktiskt är. Forskningsarbetet inleds med en litteraturstudie för att 
finna tidigare och pågående försök att lösa detta problem. Några initiativ för 
standardisering av semantiska modeller för att beskriva data inom 
fastighetsautomation hittades. Två av dessa, Brick och Project Haystack, valdes ut. 
En byggnad, och ett fastighetsautomationssystem testades i en pilotstudie.  

Resultaten från studien pekar på att data från fastighetautomationssystem kan 
integreras med en analysplattform, och en så kallad ETL-process, efter de engelska 
orden: extract, transform, load; presenteras för att uppnå det målet. Hur 
tidseffektivt data kan taggas och transformeras beror på det nuvarande 
kontrollsystemets datalagringsformat och om information om dess struktur är 
adekvat. Det noteras att det inte finns någon garanti till att få åtkomst till 
kontrollsystemets databas, eller information om dess struktur, därför presenteras 
även alternativa tekniker, däribland BACnet/IP och Open Platform 
Communications (OPC) Unified Architecture.   

Nyckelord 

Fastighetsautomationssystem, Smarta byggnader, Big data, Building Management 
System, Project Haystack 
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1 Introduction 

This chapter describes the purpose and goals of this thesis, as well as introducing 
some main concepts related to this project. Section 1.1 gives a brief background to 
the problem area. Sections 1.2 and 1.3 go on to describe the problem and purpose, 
and Section 1.4 lists goals that are necessary to achieve a solution to the problem. 
Section 1.5, 1.6, 1.7, 1.8, presents the methodology, delimitations, and structure of 
the thesis respectively. 

1.1 Background 

Building energy usage currently accounts for over 40% of the total primary energy 
consumption in both the United States of America (USA) and European Union 
(EU) [1]. This numbers alone makes it easy to understand the large impact 
buildings have on the world, and how increased efficiency in this area can have 
large positive effects on the environment. 

In the 1970s, the idea of computer integrated manufacturing (CIM) started to 
become popular in industrial and automation processes.[2] This idea concerns 
integrating an enterprise’s functional units and automating various processes. To 
manage the complexity of these systems, information processing was divided and 
organized into hierarchal models[2]. The commonly accepted model for building 
automation systems (BAS) consists of three levels of management, automation, 
and field level[2]. A BAS is a centralized control system which automatically 
operates heating, ventilation, air conditioning, lighting, and more within a building. 
With BAS, facility managers can gain oversight of their properties. Moreover, with 
modern software in the BAS, it is possible to significantly reduce energy 
consumption in comparison with manually controlling all of these systems. 

Companies who invest in real estate, such as Brunswick Real Estate, have to 
deal with many different BAS’s – as each building typically has a different vendor’s 
BAS. Most of these BAS’s have their own proprietary software and sometimes these 
are completely closed systems (except for a graphical user interface). This makes it 
difficult for real estate organizations to acquire the big picture and manage their 
heterogeneous systems [3]. 

Having the data from all of these different systems in one place and having this 
data described in a single semantic standard would make it easier for the real estate 
owners to algorithmically identify inefficiencies, and then take the necessary 
remedial actions [3]. 

Controlling their own data also enables companies to perform any analysis on it 
that they see fit. Unfortunately, getting data out of the different proprietary 
platforms is currently often costly and unnecessarily time-consuming. 
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1.1.1 Brunswick Real Estate 

In 2017 the companies Leimdörfer, Sveafastigheter, and Brunswick Real Estate 
Capital gathered under one name: Brunswick Real Estate*. Brunswick Real Estate 
offers services in “transactions advisory, corporate finance, and investment 
management through credit financing and real estate investments”[4] in the 
Nordics. 

1.1.2 Brunswick Real Estate’s Requirements 

As a company in the real estate business, Brunswick Real Estate is interested in 
making their buildings more energy efficient. This is beneficial from both a cost 
and environmental perspective. One of the areas they are looking at is the idea of 
gathering data from BASs into a central platform where it can be analyzed. 

Specifically for this project Brunswick Real Estate wants to understand and 
assess how third-party BAS data can be gathered and stored, so that they can 
analyze this data and produce reports that would include the following: 

• Identify inefficient technical and environmental processes that can be improved 
through better maintenance or technological investments. 

• Identify possibilities for preventative maintenance through technical data analysis. 
• More rapidly build a model of how a building’s thermal transport works (i.e., the model 

would take in desired temperatures and would output set points for the Heating 
Ventilation, and Air-conditioning (HVAC) system to achieve these desired 
temperatures). 

• Gain a better understanding of the maintenance and operations of their buildings. 

This thesis project will support the stated goals by devising a strategy and 
architecture for a solution for collecting data from BASs and converting this data 
into a common format and then storing this data in the cloud. In order to do this, 
this thesis project investigates potential formats and standards that could be used. 

1.2 Problem 

In today’s building industry, the ability to gain insights from the data generated by 
a BAS is inadequate. This is a consequence of bad semantic models, lack of a 
standard (or standards), and closed proprietary platforms.[3]. All of these factors 
make it difficult to find inefficiencies in the HVAC and other subsystems that 
comprise the complete BAS. 

Is it possible to design and realize a centralized platform which collects data 
from the different proprietary BASs currently installed in BRE’s buildings, and then 
convert all of this data into a common format? 

                                                            
* http://www.brunswickrealestate.com/  
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1.3 Purpose 

The purpose of this thesis is to provide a guide and strategy for how Brunswick 
Real Estate, with minimal human intervention, can collect data from their BASs 
and then analyze it. One BAS will be connected to a central cloud platform so that a 
year from now, another student will be able to analyze, visualize, and start 
modeling the collected data. 

The long-term purpose of having a centralized platform for storing data from 
BAS’s is to make BRE’s buildings more energy efficient. They are expected to 
become more energy efficient because analysis of the collected data should allow 
easier identification of inefficient technical processes, this data increases the 
possibilities for preventative maintenance, and this collected data will make it 
easier to rapidly build a model of the different buildings’ thermal transport. 

1.4 Goals 

The goal of this project is to come up with a strategy for collecting data from a BAS 
and store it in a cloud platform that will be designed for storing data from third-
party BAS's. To facilitate experiments the project will connect one BAS to this 
platform and convert its data to the proposed format. This leads to the following 
questions, each of which leads to a sub-goals: 

1. What data store should be used? 
2. Recommend a standard to be used for describing the data, i.e., a semantic model so that 

data from various systems can cost-effectively be analyzed. 
3. Plan how to build an application that pulls data out of one BAS and converts that into a 

single format (the semantic model) for others to analyze at a later stage. 

1.5 Research Methodology 

To reach the goals set for this project a combination of methods will be used. First, 
a literature review will be conducted to understand how BAS’s work and to find out 
what has been done previously to achieve similar goals. Secondly, interviews will be 
conducted to gain insights from experts in the industry. Thirdly, a feasibility study 
will be done to assess the practicality of a proposed project. Lastly, a pilot case will 
be conducted, to test the appropriateness of the chosen project method for 
collecting and storing data. 

1.6 Delimitations 

This thesis will focus solely on collecting data and transforming it into a common 
format so that it can be analyzed. The actual analysis of the data is outside the 
scope of this thesis.  
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Because of the time limitation for this project, a full-scale implementation, 
where data is collected and transformed into a common format will not be 
implemented. Instead, the architecture for such a solution is presented.  

1.7 Structure of the thesis 

Chapter 2 presents relevant background information about BASs and the existing 
formats used for the data that they collect. Chapter 3 presents the methodology and 
method used to solve the problem presented in this chapter. Chapter 4 presents the 
engineering skills used to achieve the goals for this thesis, as well as what actually 
was done during the project. Chapter 5 presents the final results of this thesis 
project. Chapter 6 presents conclusions that can be drawn from the results as well 
as some of my own reflections. 
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2 Background 

This chapter presents basic background about BAS’s, and the main concepts related 
to it that are important to understanding this thesis. Section 2.1 gives a brief 
introduction to HVAC systems. Section 2.2 explains what a BAS is, and some of the 
most important protocols in BAS’s. Section 2.3 describes what Web Services are 
and how it relates to BAS, and Section 2.4 explains the concept of SCADA. Lastly, 
Section 2.5 introduces the concept of collecting and transforming data.  

2.1 HVAC Systems 

In institutional, public, and commercial buildings there are certain requirements 
for the indoor climate. A bad indoor climate, for example, a room being too cold or 
too warm, negatively affects morale and productivity. The system put in place to 
deal with this problem is referred to as the HVAC system [5]. 

HVAC systems have been around for a long time. The field was introduced in 
the mid-1800’s and a lot of advancements have been made since. What was then 
referred to as air conditioning was simply the air cooling process. Today air 
conditioning is a much wider term and includes all processes to ensure that the air 
quality meets the demands for the building and even specific areas within the 
building. Today, there are seven main processes included in air conditioning: 
heating, cooling, humidifying, dehumidifying, cleaning (removing particles form 
the air), ventilating, and air movement [6]. 

2.1.1 Controls 

The standard for controlling HVAC equipment in facilities today is digital direct 
control (DDC). All inputs and outputs in DDC systems are controlled by a series of 
instructions called “control logic”. Through this control logic, the system’s 
processes are automated. A DDC is a centralized network system, so instruments 
and equipment in the building send data on certain variables to the central 
controller, which responds with what action the equipment should take. An 
example of such an operation would be “If ‘temperature’ is less than ‘setpoint’ 
increase output to valve” [6]. 

As data is sent in networks between different machines, a data communication 
protocol is needed so that every machine knows how to interpret the binary signal. 
Other ways of controlling the equipment in the BAS include self-powered controls, 
electric controls, pneumatic controls, and analog electronic controls.  

2.1.2 Modern HVAC System Research 

Although HVAC has been researched and developed for over a hundred years, there 
are still areas of active research. The most relevant to this thesis is research in the 
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area of energy conservation, which requires joint efforts from several different 
disciplines [6]. 

Other areas of research include indoor air quality and greenhouse gas 
emissions. The latter explores how new forms of energy can be used, how to use low 
polluting materials, and how to recycle as much of the warm/cold from/to the air 
as possible[6]. 

2.2 BAS 

BAS is a loosely defined term, which incorporates all of the components in a 
building that the real estate manager wants to automate. In most cases, this 
includes the HVAC system and lighting. The details of how these techniques are 
used in industrial facilities, offices, hospitals, and other facilities where the climate 
requirements are tougher are outside the scope of this thesis. This thesis will focus 
on what data is collected, rather than how this data is used to control the various 
systems, so only a higher level understanding of BAS is necessary. 

According to T. Sauter, et al. [2] the components of a BAS can be divided into 
three categories: upper level (management), middle level (communication level), 
and low level (automation). It is in the upper level that human operators use to 
communicate with the building’s systems (and potentially even with individual 
machines). The middle level realizes a communication layer between the different 
machines, sensors, and actuators enabling them to send information to each other. 
At the low level are the actual machines, sensors, and actuators which act as an 
input to the BAS and whose output directly impacts the building.  Additionally, the 
BAS can include climate control, visual comfort, safety (fire alarm etc.), security, 
energy management, transportation and more [2]. 

2.2.1 Different Standards 

The various sensors, actuators, and other devices in a building often come from 
different vendors. Unfortunately, there is a wide variety of standards and 
proprietary interfaces for these entities. In order to enable seamless integration of 
these entities, it is important that they can communicate via the same protocols. 
Moreover, open and standard protocols would give facility managers the flexibility 
to use products from different vendors. This is why the industry has tried to 
standardize these protocols, but this has led to several (incompatible) 
communication protocols [3]. 

Three of the most common open system protocols for building automation 
networks are BacNet, ModBus, and LonTalk. These are all wired protocols. 
Different devices support different protocols; however, this is often possible to 
work around with a gateway, which acts as a translator between two different 
protocols. Furthermore, there are two common semantic models that are protocol 
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independent, which can be used to simplify integration between different networks. 
Those are Haystack and Brick. 

2.2.1.1 BacNet 

Building Automation and Control Network (BacNet) [7] was developed by the 
American Society of Heating, Refrigerating and Air Conditioning Engineers 
(ASHRAE). ASHRAE is a member of the American National Standards Institute 
(ANSI). 

BACnet is a communication protocol, designed specifically for building 
automation. Today over 800 vendors use it [8]. BACnet clients must be backward 
compatible, so all devices that use BACnet can communicate with each other [8]. 

2.2.1.2 Modbus 

Modbus was developed by Modicon, now part of Schneider-Electric SE[8]. Initially, 
it was created for their own programmable logic controllers (PLCs), but in 2004 it 
was released as an open protocol[8]. The protocol has a client-server architecture. 
Modbus is used to control equipment such as chillers, boilers, and fans from a 
central controller[8]. 

2.2.1.3 LonWorks 

LonWorks® (derived from local operating network - Lon®) is used for many 
different types of control networks, although the majority of the over 100 million 
devices are in building automation systems [9]. In 1999, LonWorks was accepted as 
a standard by ANSI for control networking [9].  

2.2.1.4 Project Haystack 

Unlike the previous three network protocols, Project Haystack is a semantic model, 
rather than a communication protocol. Project Haystack is an open source 
standard for tagging data points in BAS’s[10]. A data point can be anything 
measurable, for example, a specific temperature sensor attached on some 
equipment. Tagging data makes it possible for software to understand what the 
data points mean, without being programmed for a specific system. Moreover, 
Haystack defines a Web Service (WS) communication protocol to send data 
between applications [10]. 

A Continental Automation Building Association (CABA) white paper on Project-
Haystack states that the end goal for semantic tagging is to be self-describing[10]. 
Meaning that devices themselves communicate data and metadata, according to the 
haystack format. Before this occurs, implementation of Haystack has to done 
through customized haystack network controllers or in the server-level application 
(as shown in the middle and right portion of Figure 2-1) [10].  
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2.5 Collecting and Transforming Data 

Extract, Transform, and Load (ETL) is a concept often talked about in Big Data. 
ETL is an essential part of utilizing data that is heterogeneous, both in structures 
and in format [17]. A data specialist can define certain rules that he or she wishes 
the data to follow, as well as transforming data into a common format that fits into 
an analytic model and requirements for that project[17]. 
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3.2 Research Paradigm 

Qualitative research mainly from extensive literature reviews, words will be 
gathered to make sound comparisons between existing protocols and previous 
attempts at solving similar problems. The data sources will be secondary, apart 
from the interviews conducted with experts in the real estate industry. Interviews 
utilizing open questions are very good for getting insightful information, which 
otherwise could be difficult for the author to learn. 

The research will use an inductive approach. This approach is more suitable 
than a deductive approach, as the author lacks a thorough knowledge of the topic 
before the research started. Because of this, an initially formulated hypothesis 
might lack relevance.  

The paradigm used by the author could be described as pragmatic. In regards to 
ontology, epistemology - pragmatic refers to a view of the world where the world is 
always changing, and that it can be interpreted in different ways depending on 
circumstances, which many times are unpredictable*. Furthermore, a suitable 
solution to a problem is one that solves it. The pragmatic approach is also reflected 
in the methodology, where a mixed set of methods is used to get to a solution. 
Additionally, this is a flexible, iterative way of working.  

3.3 Literature Study 

To gain a sound understanding of the systems that will be dealt with in this project, 
a literature study is conducted. This was particularly important as the author has a 
background in ICT but was new to facility management and BAS. Naturally, to 
compare and judge the appropriateness of different methods for achieving the goal, 
it is important to have a thorough understanding of what the systems do and how 
they work. 

After that, the goal was to explore previous efforts for achieving the goal of 
integrating multiple facilities into an analytics platform, as well as how BAS are 
connected to the internet. 

Through the literature study, a good understanding of where the industry is at 
was gained. As expected, the literature study was an iterative process, as little was 
known from the start and as the author gained an understanding of the relevant 
topics, better and more effective searches in the literature could be made. 

Questions that need to be answered include: 

• How far have BASs come today?  

o How is data currently stored?  

o How do these systems communicate? 
                                                            
* http://salmapatel.co.uk/academia/the-research-paradigm-methodology-epistemology-and-
ontology-explained-in-simple-language  
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o How can one integrate multiple BASs? 

The results from the literature study provided a conceptual foundation for the 
rest of the research. 

3.4 Feasibility Study 

Brunswick Real Estate wanted to look into ways to integrate their connected BASs. 
There are various ways one could start to implement such an integration, but what 
they were most interested in was whether they could implement a solution that 
utilized the same hardware and software already in installed in their various 
facilities. This requires getting access to each BAS’s database(s). To do this, the 
author contacted each of the providers of the connected systems to see if such a 
deal could be arranged to access their database(s).  

3.4.1 System Providers Interviewed 

For this project Markus Mittler chose four of the most important building 
automation providers for Brunswick Real Estate: 

• Siemens 

• Schneider Electric 

• Kabona 

• Fidelix 

3.5 Pilot Case Study 

The pilot case study was used to test one method that is found feasible after the 
literature study and feasibility study. This will test the appropriateness of this 
potential solution. 
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4 Flexible Approach for Finding the Best Way to Collect Data 

This chapter is about what the author actually did during the timespan of the 
project. Because the author was new to the field of facility management, several of 
the assumptions that the author had from the beginning turned out to be wrong, 
and several pivots were made to meet the Brunswick Real Estate’s needs. 

Section 4.1 gives a summary of the research process. Section 4.2 presents early 
discussions that the author had with people in the industry. Section 4.3 presents 
the literature study, and Section 4.4 summarizes two important interviews 
conducted for this project. Section 4.5 presents the feasibility study, Section 4.6 
presents a SWAT-analysis of Brick and Project Haystack, and Section 4.7 describes 
the pilot case study.  

4.1 Summary of research process before the final pivot 

The direction for the research was not obvious from the beginning. To make it 
easier for the reader to understand how the research progressed, a brief summary 
of the different stages that occurred before the final pivot will be presented first. 

First, the goal was to integrate BASs into one central platform in the cloud. The 
author realized that with WS, this was possible, although still far from seamless. 
Research has already shown the promises of such a solution[15]. Cloud services 
make it feasible for a company to store very large quantities of data while lowering 
the cost of storing and processing this data (as compared to storing and processing 
it locally). After speaking to Schneider-Electric, the author came to understand that 
such products that can integrate BAS’s of multiple facilities already exist and are 
offered by multiple vendors such as Siemens, Schneider-Electric, and Fidelix. The 
catch, however, that all control systems, used in a building have to be from the 
same vendor for this to work. However, real estate investment companies usually 
buy properties, where the BAS is already installed. 

Because the control systems from different vendors differ so much, manual 
integration of each system would be way too consuming to be practical, thus it is 
simply more cost effective to switch out the old system. Furthermore, making such 
a huge investment in a single vendor is not future proof, as we cannot ensure what 
the industry will look like in ten years times. 

Another approach that was discussed was scraping data from the human-
readable interface provided be the BAS-manufacturer. The conclusion was that this 
was not an efficient solution because of the maintenance costs related to it. 
Moreover, small changes in the graphical user interface would jeopardize the 
solution. Also, my industrial supervisor preferred that more time was spent on 
designing a solution that works at full scale, rather than on customizing a solution 
for one BMS system, as this would offer a lot of value to the company. 
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The next step was an informal interview with Niklas Seppänen via phone. This 
was really helpful as he is an expert on installing BAS’s. He told me about open 
platform communications* (OPC), which can be installed to connect devices to the 
internet. He also mentioned that one can export historical data, as opposed to real-
time data, to an external SQL-server from Fidelix’s web interface. Because this data 
exporting method requires little to no investments in new hardware, this was the 
most interesting method. The realization was that data from all the different 
components of a BAS is already collected in the control system; hence making use 
of it seemed like a very cost-effective solution, assuming that it is possible to 
convert that data into a common format. Therefore, the author decided to perform 
a pilot case study to test this assumption. An alternative method for collecting data 
that was considered involved direct contact with the equipment and devices in the 
building to get the data directly, subsequently this data could be sent out of the 
building. However, this alternative was not pursued as it would have involved a lot 
of additional expense. 

4.2 Discussions with people in the industry 

To make the information retrieval more efficient the author had conversations with 
people in the industry. In the early stages, this included discussions with 
Christoffer Börjesson, Chief Digital Officer at Fastighetsägarna, and in a separate 
meeting, Chris Longridge, Chief Technology Officer of Estate Logs.  

After a meeting with Christoffer Börjesson and Markus Mittler, the author 
together with them came up with an abstract picture of what the end result of this 
project should be (see Figure 4-1). This figure includes several stages which will not 
be covered in this project but are important in order to understand the overall 
vision. 

                                                            
* https://www.kepware.com/en-us/  
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4.4 Interview 

The author conducted two interviews to gain further knowledge from experts in the 
real estate and BAS industries. These experts had different opinions on how to 
solve the problem of integrating the data from a BAS to gain oversight and achieve 
energy efficiencies. The first interview was with Niklas Seppänen, owner of 
Styrbolaget. This interview was mainly about the potential for using the BAS 
vendor Fidelix and their platform Webvision to solve this problem. The second 
interview was with Anders Larsson, Operating Technician at Akademiska Hus. 
Anders Larsson and Akademiska Hus faced similar challenges as BRE several years 
ago. This interview gave insight into their open approach. 

4.4.1 Interview with Niklas Seppänen 

The main points from this interview were: 

• Niklas did not think it was economically viable to collect all building 
automation data into one central platform from different BAS vendors, for 
general purpose analysis of it. However, he pointed out that if it is a limited 
amount of data that is for a specific purpose it could be worth it. 

• Regarding Project Haystack, he said it is usually the case that the major BAS 
vendors would jump on it, while smaller vendors will maintain their own 
way of describing data. 

• Generating and dealing with alarms is what people mostly use BAS’s web 
interface for today. 

• BAS’s are exchanged every ten years or so. 

• Fidelix has a service called product called webVision, that makes it possible 
to look at several site’s BAS’s in one platform. Currently, however, to add 
BAS to this platform it has to be from Fidelix, and not any other brand.  

Figure 4-2 to Figure 4-5 show screenshots of Fidelix’s webVision* that were 
shown to the author during the interview. Fidelix webVision makes it possible to 
see many different BASs, from different sites, in one view. 

                                                            
* http://www.fidelix.se/startsida/vara-produkter/licenserprogram/webvision/  
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4.4.2 Interview 2 – Anders Larsson, Operating Technician, Akademiska Hus 

The main points from this interview were: 

• Akademiska Hus are currently collecting BAS-data from about 50% of their 
property stock into a platform called Orbiq* from the company Iquest AB. 
Currently, it is mainly used to gather all alarms from the BAS’s in one place, 
as its still in an early phase. In the future, their goal is to detect 
inefficiencies. The use of Orbiq at Akademiska Hus is still in an early phase, 
so no efficiencies have been found yet. 

• Akademiska Hus specifies already in the procurement stage how data should 
be sent from the BAS’s installed in their facilities, and how it should be 
presented so that they can receive it without manual integration for each 
site.  

• SCADA is expensive.  

4.5 Feasibility study 

In the feasibility study, I interviewed several system providers to get quantitative 
results. The questions were: 

Is there any way of exporting information from their system and making use of 
it in third party software? 

a. If yes, is all information exported or only part of it? 

b. If no, is there an alternative method to get data out of system X 
without adding additional hardware? 

Note that the meaning of “all the data” in the above is all of the data that can be 
seen in the web interface of the SCADA system.  

The results from these interviews are displayed in Table 4-1. 

                                                            
* https://iquest.se/orbiq 

Table 4-1: Responses to questions to system vendors 

System Provider: SQL Exporting 
feature 

Can all data be 
exported? 

Alternative 
method? 

Fidelix Yes No OPC 
Schneider Electric No - OPC, get access to 

SQL database 
Siemens No - OPC, get access to 

SQL database 
Kabona No - OPC, get access to 

SQL database 
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4.6 SWOT analysis on different Semantic Models 

There are several different ways to describe the data coming out of devices in a 
BAS. To analyze data from different BAS’s algorithmically, it is important that all 
data are stored in the same format or at least described using the same semantic 
model. Two different methods were compared using Strengths, Weaknesses, 
Opportunities, and Threats (SWOT) analysis. The results are shown in Table 4-2 
and Table 4-3. 

 

 

Table 4-2: SWOT Analysis of Brick 

 Positive Factors Negative Factors 
Internal 
Factors 

• Defined 
relationships 
between how entities 
connect with each 
other  

• Designed by big data 
researcher, so very 
suitable for analytics 

• Open source 

• Very new 
• Newer and less 

common than 
Haystack (so far) 

External 
Factors 

• Working with 
Haystack and 
ASHRAE on new 
semantic standard 

• New semantic 
standard together 
with ASHRAE 
might differ. Better 
to wait? 
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4.7 Pilot Case Study 

To start an implementation the author needed access to a database, where BAS 
stores its data. Unfortunately, that has not been achieved yet. However, the overall 
architecture of the solution that could have been implemented will be described. 
The chosen building was Råby Centrum, and the BAS installed there is Fidelix.  

The reason why this approach was chosen was that I could implement it without 
being on the site of the facility (which the author did not have access to). 
Furthermore, this approach does not require any additional hardware; unlike all of 
the other data collection methods. 

4.7.1 Problems Identified 

There are several problems and designs decisions that have to be taken into 
consideration, but three of the most important were: 

• To perform analysis across different facilities and BAS’s, we need a common 
way of describing the data, i.e., a semantic model. 

• What data store and format should be used? 

• How to address time series data and do so in different time zones 

Table 4-3: SWOT-analysis of Project Haystack 

 Positive Factors Negative Factors 
Internal 
Factors 

• Open Source 
• Maybe most widely 

spread 
• Developed by a 

community of people 
in the industry 

• Very new 
• Not widely used 
• Very badly 

documented. Lack of 
examples. 

External 
Factors 

• Working with 
Haystack and 
ASHRAE on new 
semantic standard 

• New semantic 
standard together 
with ASHRAE 
might differ. Better 
to wait? 
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4.7.2 Implementing Project Haystack Tagging for Råby Centrum (preparation) 

The semantic standard Project Haystack was chosen, primarily because it’s the 
most widely spread, and the author reasons that, the bigger open source 
community - the more software that accepts its format will be developed. To 
implement Project Haystack for Råby Centrum, we first have to define the 
building’s equipment, and sensors using the Haystack tagging model. Fidelix 
provides front-end software to their SCADA system so that all of the equipment can 
be seen online. From this, it can be derived how the different data points relate to 
each other and also where they are located. All of this can be modeled using Project 
Haystack. 

Examples of modeling of two pieces of equipment in Project Haystack are 
shown in Table 4-4 and Table 4-5. Unfortunately, Project Haystack’s 
documentation lacks real-world examples, which made it difficult to tag equipment 
and data points properly. 

Table 4-4: Metadata in Haystack-format for a heat exchanger 

Id “uniqueEquipId” 

Dis “Heating System – Heating exchanger” 

heatExchanger √ 

Equip √ 

hvac √ 

siteRef @råbyCentrum 

 

Table 4-5: Metadata for a temperature sensor on a heat exchanger 

Id “uniqueId” 

Dis “Heating System – Heating exchanger” 

heatExchanger √ 

Point √ 

Temp √ 

siteRef @råbyCentrum 

equipRef @uniqueEquipId 

His √ 

 

Project Haystack does not define all possible variants of heating equipment or 
any other equipment. Thus, it is up to the person who tags the data to come up with 
tags that are relevant to understand the meaning of that point. The author 
concluded that a tagging scheme has to be decided beforehand. This scheme has to 
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take into consideration how one would like to analyze this particular equipment in 
order to tag the data appropriately. This will make it possible in the future to define 
rules for entities with certain tags. Generating a suitable tagging scheme requires 
an expert on BAS that has a good understanding of what it is that we want to 
analyze. As this was not the case for this pilot case study, the examples in this thesis 
only show what the metadata might look like – as the actual tags might be different 
in practice. 

4.7.3 Applying the tagging model to previously stored data 

There were different options for how to apply tags to previously stored data. In this 
case study, the data is assumed to be store in a SQL-database. The method 
proposed works well as long as the amount of data is not too large*. The type of 
data that is to be processed is predictable as a relational database management 
system (RDBMS) has fixed schemas. 

4.7.3.1 SQL-tagging 

As the data is already stored in an RDBMS and we have assumed that the volume of 
data is not too large, it is reasonable to store time series of data in the same format. 
For example, Fidelix sends data every 10 minutes and each transfer consists of less 
than 100 data points. Adding tags to this data can be done easily within the RDBMS 
simply by adding two new tables.† One of these tables contains the Project Haystack 
tags that are used, while the other table maps a unique data point id to a record in 
the haystack tag database. 

A disadvantage of this solution is that every tag needs its own column, but every 
record would only use a few of these tags. As a result, every time we query for a 
certain row and its tags, a lot of data with null values will be returned. This 
observation led the author to ask if a more flexible storage format should be used. 

4.7.3.2 Storing and tagging with JSON. 

Another approach would be to use JSON to store the tags and data points. This 
approach is very suitable because of JSON’s flexible tagging functionality. 
Furthermore, it reduces the amount of duplicate data that has to be stored, because 
times series of data can be stored inside an array, nested inside the record, as 
below: 
{ 
    "id": "uniqueSensorID",  
    "sensor": "marker", 
    "temp": "marker", 
    "equipRef": @uniqueEquipRef, 
    "siteRef": @RåbyCentrumRef, 

                                                            
* In this thesis we consider “large” to be 1 TB. 
† https://stackoverflow.com/questions/20856/recommended-sql-database-design-for-tags-or-
tagging  
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    "tz": “Stockholm”, 
    "data": [ 
 "2017-10-10T23:06:00.000Z" : 23.0 
 "2017-10-10T23:16:00.000Z" : 23.1 
 "2017-10-10T23:26:00.000Z" : 22.7 
 … 
 ] 
} 

 

As shown in the example above, data can be inserted into the data list, where it 
is stored in temporal order. Moreover, this can be done to support all possible types 
of data.  

4.7.3.3 Time zones 

As data points can come from different time zones, how should they be store so that 
we can display data points in the correct temporal order? Hence in addition to the 
timestamp, we need to know the relevant time zone. The Project Haystack 
approach is to add a time zone tag, “tz”, where the value will be city name from the 
tz database, or zoneinfo database*. The tz database is maintained by the Internet 
Corporation for Assigned Names and Numbers (ICANN).  

Another way to represent the time zone can be to write it in Coordinated 
Universal Time (UTC). Transforming time into UTC format makes it easy to 
compare what incident happened in what order, even when data comes from 
discrete sources. Furthermore, if the application requires the date and time to be 
represented in local time, the program would use the offset to adjust it. The World 
Wide Web Consortium (W3C) provides a document† with guidelines on how to deal 
with the time zone and can be looked at for more information about this matter. 

4.7.3.4 Architecture Model 

The ETL-process is shown in Figure 4-6. In this process, the data from the original 
SQL database will be extracted, tagged, and inserted into a document store, such as 
MongoDB. MongoDB was selected because fields can vary from entity to entity, in 
our case entity to entity, and related information is stored together for fast query 
access. MongoDB is not unique in this regard, but it is one of the most popular 
NoSQL databases and fits the requirements.  

                                                            
*  https://www.iana.org/time-zones  
† https://www.w3.org/TR/timezone/  
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5 Results and Analysis 

In this chapter, the results from this thesis are presented and discussed. Section 5.1 
presents the major results, and Section 5.2 presents a guide for collecting data.  

5.1 Major results 

The section presents the major results from this project by first answering the 
questions formalized in the problem statement. Following this, each of the goals 
will be addressed one by one.  

5.1.1 Problem statement 

Is it possible to design and realize a centralized platform which collects data from 
the different proprietary BAS’s currently installed in BRE’s buildings, and then 
convert it into a common format? 

The results show that such a solution certainly is possible to build. We have 
seen that data can be accessible in RDBMS in many BAS solutions. If that is not an 
option, many other ways of taking out data were identified, and among those are 
Bacnet IP, Modbus TCP, Obix, Haystack, SNMP, Sedona, OPC UA. The way data 
will be collected has to be customized to every building, on a case by case basis. 
Skyspark*, by SkyFoundry, is an example of a product that analyzes BAS data after 
it has been tagged.  

Unfortunately, the author did not manage to get access to the BAS’s data during 
this project, so no actual implementation could be done. 

5.1.2 Goals Met 

A summary of how well the project met the original goals is shown in Table 5-1. 

  

                                                            
* https://skyfoundry.com/skyspark/ 
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Table 5-1: Summary of goals and the results of this project 

Goal Results 

What data store should be 
used? 

The data store that should be used is 
a document store, and the format JSON. 
However, this design decision was made 
with Haystack-tagging in mind. If 
another semantic model was used 
instead such as Brick which uses RDF to 
describe data, another data store might 
be more, or as suitable. 

Recommend a standard to be used 
for describing the data, i.e., a 
semantic model, so that data from 
various systems can cost-
effectively be analyzed. 

The author found it very difficult to 
understand how to tag equipment and 
data points with Project Haystack and 
noticed that this project’s 
documentation lacked real-world 
examples of an actual implementation of 
it. The tagging model Brick should be 
tried instead, before recommending a 
specific semantic model, because it has 
several real-world examples with tagged 
sites, equipment, and data points with 
source code included. 

Plan how to build an application 
that pulls data out of one BAS and 
converts that into a single format 
(the semantic model) for others to 
analyze at a later stage. 

Figure 4-5 described the ETL-
process for the application that would 
pull out data from the BAS and load it 
into a document store database. 

Strategy for collecting data from 
all of the company’s facilities. 

See Section 5.2 

 

5.2 Guide for Collecting Data 

Gathering data for analysis from a BAS is a complex process, an attempt to do it 
systematically and efficiently is presented below. 

The proposed strategy is a result of interviews with building automation expert 
Niklas Seppänen (owner of Styrbolaget), Anders Larsson (Technical Operator at 
Akademiska Hus), and John Petze (Partner at Skyspark), and lessons learned from 
the feasibility and pilot case study of one building, Råby Centrum. The strategy is 
summarized below. 
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According to John Petze, the questions to ask at the beginning of a project are: 

• What data is available? 
• Where is that data? 
• What methods are available to connect to that data? 
• What security requirements are involved? 
• What capacity do the external systems have for communicating data? 

I used these questions and the answers to the questions to guide my formulation 
of a strategy for collecting data. Some of the key observations are highlighted in 
boldface in the paragraphs below. 

It is important to realize that there are many different ways of collecting data. 
Although this project focused on getting data out of a BAS, there are many other 
important sources of data in a facility, among these are resource meters, asset and 
facility data, and other IoT devices that are not integrated into the BAS. Analysis of 
data from these sources can also lead to cost savings and a more sustainable 
building. Therefore, it is important that the collected data include these 
others sources and not simply the data from BAS’s. 

An important take away from the interview with Niklas Seppänen was that 
control systems are often replaced every 10 years or so, and according to him, 
because of the rapid development in the industry, it may be beneficial to upgrade to 
a new control system more often than that. This means that the age of the control 
system should be taken into account when deciding how much time can be spent to 
integrate data from this source. For example, if the system is seven years old, it is 
probably going to be replaced in three years, thus spending many hours on 
integrating the data from this existing BAS might not be economically viable. 
Therefore, it might be worthwhile to invest in replacing the BAS earlier 
than planned in order to more easily incorporate the data from the new 
BAS into an integration platform. The potential energy savings alone might 
justify this investment. 

If the existing BAS has an SQL database, then getting data out of the database 
could be a good strategy because it avoids additional traffic to the control devices. 
However, John Petze pointed out that not all BAS manufacturers provide 
access to their database. Also, it is important to know the structure of the 
information in the existing database. Other strategies to get access to data can 
include the use of Bacnet IP, Modbus TCP, Obix, Haystack, SNMP, Sedona, OPC 
UA, MQTT, SQL, CSV import (manual batch or automated), or a REST API. 

It is important to create a tagging template. See Akademiska Hus’s 
“Märkhandling” for an example of such a template*. It defines how we want to 
receive the data, but can also define what information we require about specific 

                                                            
* https://www.akademiskahus.se/globalassets/dokument/tekniska-publikationer--
bilder/markhandling_110523.pdf  
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equipment. This would enable Brunswick Real Estate to tell the different BAS 
manufacturers how they want to receive the BAS data. 

It is important that the data can be extracted from whatever analysis platform is 
chosen. As we never want to be limited to one vendor. 
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6 Conclusions and Future work 

In this chapter, the conclusions drawn from the thesis project are presented. After 
that, some of the limitations are described. This is followed by ideas for future 
work. Lastly, the authors own reflections about the project are presented. 

6.1 Conclusions 

Collecting data from a BAS seems to be a generally accepted idea in the industry. 
However, there is not yet a universal semantic model for describing this data. Such 
a semantic model is necessary if buildings are to become intelligent. Brick and 
Project Haystack, two open source projects for accomplishing this, recently joined 
forces with ASHRAE to create a new standard semantic model that is predicted to 
be released toward the end of 2018. 

If this standard semantic model was adopted by BAS vendors, then facility 
owners could require the use of this model in their procurements together with 
specifications on how and where they want to receive data. In this way, an 
integration process from BAS to a separate analysis platform could be fully 
automated. Having this data in a suitable analysis platform is a vital step that is 
necessary before the hundreds of diagnostics algorithms that can be found in 
scientific papers can be applied for commercial use. 

It is also important to remember that when collecting data from the building, it 
is not necessary to wait until it is possible to collect all data, but rather find data 
that is readily accessible and start doing analysis on that data. Moreover, starting 
such a project does not require a huge investment, but can start small and grow 
organically. 

If I would do this again what would I do differently? With all the knowledge 
gained during these 10 weeks, I would look at it from a different perspective, as I 
am only now ready to implement my strategy. This research became more of an 
exploratory project than first planned. First off, I would ask what facility has the 
highest priority when it comes to efficiency or where the greatest cost savings could 
be achieved – as this would provide the greatest return on investment for the 
company. After that, I would find the most easily accessible data in that building, 
whether it is BAS or resource meters such as gas, water, or electricity, and convert 
it into Brick format. I would use the Brick format largely because it is the best 
documented semantic model to date and there exist real full-scale implementations 
that can be used as examples.   

6.2 Limitations 

I had a hard time getting access to databases, so no actual implementation could be 
done. Due to the lack of access to even one sample database no analysis of the 
structure of the database could be done. Having access to both the database and 
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knowledge of its structure could help me judge the time it would take to transform 
that data. 

The documentation for Project Haystack is not extensive enough to be easily 
understandable and hence applying this semantic model is not viable at this time. 

6.3 Future work 

The principal area left unaddressed is an actual implementation of a sematic model 
and proving that it is possible to increase energy efficiency because of analysis that 
can be done using the available data. Before deciding what semantic model to go 
with, Brick should be tried on a small scale and be compared to Project Haystack.  

Many of the tags that should be applied to a certain entity can often be derived 
from the name of the data point. Potentially, this process could be semi-automated. 
For example, the researcher behind the article Automated Metadata Construction 
To Support Portable Building Applications, managed to parse 70% of the data 
points, by letting an expert (e.g. facility manager) tag 24, 15, 43 examples for three 
large commercial buildings comprising of 1585, 2522, and 1865 sensors 
respectively[20]. Important to note here is that, it is often the case that we want to 
add more information (tags) about the sensor, than the name reveals, but it still 
reduces human intervention. 

From the customer side of the BAS, it is possible to come up with clever 
software solutions, like the one described in the paragraph above, to try to make 
use of the data hidden inside the BAS. However, for a data revolutions to happen 
within the building industry, the BAS and equipment vendors have to start 
implementing standardized semantic tagging on field level as well as making their 
systems more open. This will only become reality if the BAS customers start 
making demands for it.  

6.4 Reflections 

Implementing the strategy proposed in this thesis has the potential for substantial 
economic, social, and environmental benefits. The potential economic and 
environmental benefits are understood because similar tactics have been applied in 
other buildings worldwide, and have increased energy efficiency. The author thinks 
it is important to realize how, implementing a semantic model that describes the 
building data, opens up the door to apply future advances in diagnostics, fault 
detection, and analytical algorithms of building data. The social benefits are a 
consequence of more optimized climate control and easier detection of situations 
that violate the climate regulations that have been set for buildings.  

There can be ethical problems with collecting data from BAS’s for external 
analysis. Privacy could be compromised, as it would make it possible to determine 
what rooms are occupied and from that determine how people are moving within 
the building, from the platform where the data would be gathered. This is only one 
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easy example of what could be done, but an attacker could access all that data and 
do whatever he or she wants with it. How serious of a concern this varies from 
building to building, but it needs to be taken into account when dealing with data 
like this. Note that BAS’s that are already online, and accessible from the internet 
already has these risks. 
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