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The thesis was conducted for Caverion Suomi Oy, focusing on the implementation of an
energy-efficient building automation system for a retail store in Vaasa. The goal was to
implement an automation system according to the client’s and the designer’s specifications.

The thesis examined the structure of building automation, cybersecurity, selected logic-
controllers for the system, and the Caverion Drive property management system. The thesis
was carried out for Caverion Suomi Oy, but the actual implementation was for Caverion’s
customer. The thesis project included planning, making wiring diagrams and equipment lists,
programming, creating graphics, commissioning and testing.

As the result of the thesis project, an energy efficient automation system was developed for
the property, enabling remote management and autonomous control of the building. The
goals set by the client and the designer were thus achieved.
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Tutkinto-ohjelma: Insind6ri (AMK), Automaatiotekniikka
Suuntautumisvaihtoehto: Sdhk6automaatio

Tekija: Josiah Diefenbaugh

Tyon nimi: Energia tehokas automaatio projekti myymala kiinteistossa.
Ohjaaja: Sami Rinta-Valkama

Vuosi: 2024 Sivumaara: 45

Tama opinnaytetyd toteutettiin Caverion Suomi Oy:lle ja aiheena oli energia-tehokkaan
rakennusautomaatiojarjestelman toteutus myymala-kohteeseen Vaasassa. Tavoitteena oli
toteuttaa seka asiakkaan etta suunnittelijan nakemysten mukainen automaatiojarjestelma.

Tydssa tutkittiin rakennusautomaatiojarjestelman rakennetta, kyberturvallisuutta, kohteeseen
valittuja logiikoita seka lyhyesti Caverion yrityksen Drive- kiinteistohallintajarjestelmaa.
Opinnaytety6 toteutettiin Caverion Suomi Oy:lle, mutta itse toteutus tehtiin heidan
asiakkaallensa. Tydhon sisaltyi suunnittelu, kytkentékaaviot ja laitteistoluettelot, ohjelmointi,
grafiikan luominen, kytkenta, kayttéonotto ja testaus.

Tyon tuloksena syntyi energia-tehokas kiinteiston automaatiojarjestelma, jolla voi
etahallinnalla ja autonomisesti ohjata kiinteistoa. Seka asiakkaan etta suunnittelijan
asettamiin tavoitteisiin siis paastiin.

2 Asiasanat: energiankulutus, iimanvaihtojarjestelmat, I1ammitys, lammitysjarjestelma, rakennusautomaatio
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Terms and Abbreviations

VAK
1/0

Al

DI

DO

AO
TCP/IP
TK

CPU

Modbus

EIB

LON

KNX

Setpoint

Control centre.

Input/Output.

Analog input.

Digital input.

Digital output.

Analog output.

Transmission control protocol/Internet protocol.
Supply air machine.

Central processing unit. The heart of the computer which controls rest of the

parts in the system.

Modbus is a communication protocol developed by Modicon in 1979, used for

communication between intelligent devices.
The predecessor communication protocol of KNX.

LON refers to a data exchange method used with vertical data transmission

which also enables free network topology.

A bus technology that allows devices to communicate without a central com-

puter.

An input set by the user or automatically by the program.
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1 INTRODUCTION

This thesis focuses on a building automation project. Addressing a need for an energy-effi-
cient retail store in Vaasa. The thesis discusses building automation and cybersecurity in
general, after which the project planning, implementation and deployment are handled in de-

tail.

1.1 Aim of the thesis

The aim of this thesis is to design and implement a system that can independently control

heating, ventilation and other separate points in the building’s infrastructure, according to the
end user’s needs and that can defect and predict maintenance or failure situations. Achieving
the desired and results requires programming, design, installation, interaction with other con-

tractors, and understanding the customer needs.

1.2 Structure of the thesis

The first chapter is about giving the reader basic knowledge about the project and the objec-
tives sought from the project. In the end of the first chapter, the company Caverion and the
site where the project takes place is introduced. The second chapter explains briefly what
building automation is and presents its three hierarchy levels. The third chapter discusses cy-
bersecurity and its three categories, on the basis of which this paper will discuss in more de-
tail the security classification of technical systems. In the fourth chapter the thesis explains
how this project is designed to be energy efficient and what kind of savings could be ex-
pected in practice from the use of the planned methods. The fifth chapter discusses logic
controllers in general, particularly focusing on the Distech’s logic controllers selected for the
project. Chapter six describes the development of the project property management solution.
In the 7" chapter, the thesis discusses the creation of Excel sheets which generate neces-
sary documents such as wiring diagrams and equipment lists. The chapter also covers the
software aspects of the project and how they were created according to the designer’s in-
structions, followed by delving into the graphics side. Last part of the chapter will go through
installation and commissioning phases. The 8" chapter will summarize the thesis.
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1.3 Caverion Suomi Oy

Caverion Suomi Oy is a Finnish company founded in the 1960s and specialising in technical
building systems, (Caverion, n.d.-b). Caverion has experts specialised in design, installation
and maintenance, enabling the company to bring forward the best solutions to improve en-
ergy efficiency, maintenance efficiency and reliability in the Caverions customers’ needs in
their technical entities. Caverion Suomi Oy is a sister company of Caverion. Caverion oper-
ates in 10 countries in Northern and Central Europe. Caverion Suomi Oy employs around

4000 employees and in total Caverion employs around 15 000 employees.

1.4 Site description

The project will be implemented in an average sized retail store. In total the project involves
three large scale ventilation machines, three smaller exhaust air machines, one circulation air
machine, a heat distribution circuit and numerous other control points, which should eventu-
ally be connected to the maintenance and monitoring site and the local access terminal pro-

vided by Caverion to the customer.
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2 BUILDING AUTOMATION

Building automation generally consists of a system which generally involves monitoring, con-
trolling, alarm points, and adjusting actuators based on measurement points (Raikkénen,
2001, p. 89-96). The aim is to achieve versatile functions that promote energy efficiency, con-
trollability, and user friendliness. Traditional building automation typically consists of three

levels.

2.1 Administrative level

Administrative level works as an interface between a user and an automation system. Simply
put the interface often means PC-based monitoring, which can operate locally, but also re-
motely (Raikkdnen, 2001, p. 94). For maintenance companies, as well as property owners
the benefit of remote monitoring is centralised management. The interface allows the user to
check reports and maintenance needs and to change setpoints, schedules and controlling
points as needed. Communication from the lower levels to the administrative level usually
happens through TCP-IP protocol, but in legacy systems fixed internet connections and
SMS-connections are sometimes found to been implemented. Picture 1 demonstrates an ex-

ample of administrative level.
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Picture 1. Example of administrative level.

2.2 Automation level

Automation level is broken down into segments: CPU, I/O cards and programs that execute
the process/system. This level works between administrative level and field level as a middle-
man and processing unit. (Spangar et al, 2012, p. 94). Communication between the manage-
ment level and the automation level usually takes place via TCP-IP protocol (Raikkdnen,
2001, p. 94). Depending on the supplier, the product and the customer/designer, data can be
transferred to the lower layers using different protocols, e.g. Modbus, EIB, Lon, KNX. Picture

2 demonstrates an example of automation level.



13 (44)

Picture 2. Example of automation level.

2.3 Field level

Field levels include sensors, actuators but also can include 1/0O cards (Raikkdnen, 2001, p.
95). The primary purpose of the field level is to communicate the needed measurements and
state information to the automation level and get back the needed control information in re-
turn. Picture 3 demonstrates an example of field level device. The device shown in the pic-

ture is a sensor.
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3 CYBER SECURITY

Properties and businesses are currently digitising a significant amount of information con-
cerning their operations and conditions (Rakennustieto, 2020, p. 2). Systems can contain im-
portant information about customers and employees on top of other building information.
Technical systems, such as ventilation equipment, lighting, heating- and fire protection sys-

tems, can suffer considerably in the context of a data breach.

By reinforcing and enhancing the security of hardware, identification and access to control

points the risk of cyber-attacks in building automation can be reduced (Rakennustieto, 2020,
p. 2). The key word for preparing against cyber-attacks is awareness. Updating the systems
and working with producers will take us towards a safer environment, but it is also important

to practice beforehand how to react in these situations if preparations are not enough.

3.1 Digitalisation and digital security

Digitalisation enables, for example, savings in maintenance and energy costs. (Ra-
kennustieto, 2020, p. 3). Based on sensor data, property managers and maintenance compa-
nies can intervene more effectively in maintenance or fault situations in the future, whereas in

the past they had to rely on observations and maintenance schedules.

Digital security can be divided into three categories.

Cybersecurity. Cybersecurity aims to secure the functions of society as threats to functions
of the community and health- and safety of individuals (Rakennustieto, 2020, p. 3). Speaking
about building automation cybersecurity aims to prevent situations where a data breach can
cause economic damage, for example in heating systems, ventilation systems, energy con-

sumption or security systems.

Data protection. Data protection ensures that individuals’ data or the data of companies are
processed and treated securely and fairly (Rakennustieto, 2020, p. 3). Data protection legis-

lation defines how personal data must be processed.

Information security. Information security refers to the availability of data and the protection
of confidentiality (Rakennustieto, 2020, p. 3). If personal or private information would be
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leaked to wrong and unwanted parties it could, in the worst case, obligate the source of the
leaked information to pay a penalty or even compensation to the injured party. In the case of
building automation, targets may include control rooms, project plans or project security dur-

ing implementation.

3.2 Technical building security levels

There are four levels of technical building protection (Rakennustieto, 2020, p. 5). These lev-
els seek to facilitate the classification of systems and the definition of objectives. Understand-
ing the level of security required can provide peace of mind for users and customers. For

many customers safe and reliable operations are top priorities.

3.21 DT1 -Lowrisk

To achieve this this level of security, in addition to regulations, simple measures are required,
such as clear instructions for exceptional situations and disturbances (Rakennustieto, 2020,
p. 7). User identification and the management of access rights for company platforms, as well

as data transmission must be encrypted.

This level is appropriate for situations where a breach causes minimal damage to operations,
reputation, facilities, equipment and the economy of a company (Rakennustieto, 2020, p. 7).

In short, the data breach is limited to a low level of disruption caused by the breach.

3.2.2 DT2 - Moderate risk

The necessary safety practices at this level include on top of the prior levels of security (Ra-
kennustieto, 2020, p. 7). Clear guidelines and procedures for emergency and incident recov-
ery. The company uses staff supervision to control the physical and topological connectivity

of the systems.

DT2 is appropriate for companies where data breach can cause damage, but its impact will
only affect a limited area (Rakennustieto, 2020, p. 7). The information leaked in the breach is
internal company information. The finances of the company will not be seriously affected,

workers will not be seriously injured and need to take only a couple of days of sick leave.
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There is no more than a noted/recorded value of the incident and the property, or its func-

tions have only been slightly affected.

3.2.3 DT3 - High risk

The DT3 level includes the security methods of the above levels, but in an enhanced form
(Rakennustieto, 2020, p. 7). Protection and control are addressed through structural and
technical safety measures. In addition to guidance and organization, training will also be pro-
vided on recovery from the event. Software has been used to improve data transfer, encryp-

tion and access rights.

DT3 is used when the maximum expected damage in the event of a data breach is: If one or
all of the following experiences significant loss, damage, leakage or inoperability: company
reputation, equipment, security operations, confidential documents (Rakennustieto, 2020, p.

7). As at the national level, an act of damage or an employee’s sick leave of several days.

3.2.4 DT4 - Critical risk

DT4 includes the above levels (Rakennustieto, 2020, p. 7). In addition to these, protection
and control are managed with special protection solutions, recovery from an incident is regu-
larly practiced and it has been made possible to switch the important equipment to manual

control.

The maximum effects of a breach expected cause serious harm to the business, finances
and property or a national threat (Rakennustieto, 2020, p. 7). A cyber-attack on critical com-
pany or customer documents. Can cause multiple days of sick leave or even fatalities. Re-

quires action from senior management.

3.3 The cyber security policy of Caverion

The cyber security of Caverion is implemented according to the ISO 27001 standard, which
requires the company to manage the integrity and security of the information flow through

guidelines, management and risk management measures (Caverion, internal memo, 2023).
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The solution of the company is based on a three-server setup, enabling 99.9% availability
(Caverion, internal memo, 2023). In case of a server failure, virtual machines boot automati-
cally from another server. The physical servers are under a 24/7 maintenance contract with a
4-hour response time. Network connections are continuously monitored, with a 24/7 re-
sponse to incidents. Virtual machines are also backed up once a day to another disk system
for added resilience. The systems of Caverion include the necessary steps to meet the re-

quirements of the DT4 security level.
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4 ENERGY SAVING SOLUTIONS

The cost of energy is rising day by day, and although devices and buildings are gradually be-
coming more energy efficient in heating and cooling, there is still a need for improvement in
energy consumption. Smart building solutions enable the recovery and utilization of thermal
energy from cooling systems for the heating needs of the property (Caverion, n.d,-c). With
current systems, achieving 60-70% savings over the entire systems lifecycle compared to tra-

ditional systems is not wishful thinking.

The property’s heating and cooling solution

In the design of the geothermal loop, it is important to consider the energy needs of the facil-
ity (Energiatehokaskoti, n.d). Generally investing in a geothermal loop is a profitable decision
because they are cost effective and durable. The principle of operation for a loop is to trans-
fer heat into the ground during the cooling season and extract heat from the ground during
the heating season. Type of soil at the site also matters. The greatest benefit is obtained from
the soil with high moisture content. For example, in clayey terrain, the liquid content on is at

least 40%, whereas sandy soil, the same value can be 4%.

Our system utilizes three loops. Cooling coils have been installed into the ventilation for cool-

ing purposes. Figure 1 demonstrates a cooling coil (Granlund, internal document, 2023).
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Figure 1. Cooling coil (Granlund, internal document, 2023).

4.1 Condensate energy used in heating network.

The target property is heated using condensate energy obtained from the refrigeration units
in the shore. The refrigeration units generate heat during operations, which is then trans-
ferred to the heating network through a heat exchanger. The heating network produces heat
for the ventilation network, floor heating network, frost prevention network, and domestic hot
water. In traditional systems and larger properties, district heating is commonly solely or in
conjunction with condensate heating. However, this property generates heat using conden-
sate, geothermal energy, heat pumps, and electric resistors in water tanks. If the temperature
of water after condensate heat exchange and geothermal energy is not warm enough, the
heat pump further heats the water to the require temperature. If that is still insufficient, the re-
sistors in the tanks are activated one by one to achieve the necessary temperature. Picture 4

demonstrates the heating steps on the graphics page.
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Picture 4. Water heater steps on the graphics.

4.2 Ventilation systems heating and cooling.
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Utilizing the heat from exhaust air through heat recovery can reduce heating energy con-

sumption by 30-40% (Tom Allen Senera, n.d.). the projects ventilation units utilize heat gen-

erated by the heating network but also incorporate their own HR (Heat recovery) systems.

The ventilation unit can either recirculate exhaust air as supply air using a bypass damper or

transfer heat directly, either through a heat exchange or a radiator.

In cooling, our site utilizes the geothermal loops and ventilation machines have a program-

matically built night ventilation, which, as needed and under special conditions, cool the build-

ing during the summer.
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4.3 Investment payback

In this section the calculations are made to show how long it will take to recoup the invest-
ment compared to district heating by investing in a setup like this. This does not consider the
cooling benefits obtained from the ground loop which are used in the ventilation machines for

cooling purposes.

A district heating package for a site like this would cost an estimated 75 000—-80 000€, con-
sidering connection fees, the district heating package, control system, and labour. A system
which is installed to this site cost approximately 140 000€, considering drilling the geothermal

holes, heat pump, fluids, controls and labour.

To calculate the energy consumption, it is important to consider the size of the property. In
this case the target has 1845 square meters which is multiplied based on the assumption of

consumption of 120kWh per square metre, which comes to 221 400 kWh.

Prices of district heating depend on the area and the energy producer. This site locates in
Vaasa where the current prices stand at 63€ per megawatt (Vaasan sahko, n.d.). With
ground heat megawatt price standing at 20€ per megawatt. The yearly price for heating
would be with district heating 13 948€ and ground heat comes to 4 428€.

Taking into account also the maintenance fees of both systems since for the ground heating
system maintenance will be more expensive as there is more controlled points and devices in
use as in the district heating solution. The maintenance estimate for ground heat over ten
years are 15 000—20 000€ and the estimate for district heating at 10 000€.

Estimated recoup for the system is round 7 years taking to account the maintenance, higher
investment and prices to obtain the needed energy. The calculations show that, the recoup
period is not at the most favourable side, as typically, the payback period ranges from 3 to 5
years. Nevertheless, the calculations did not include the benefits of the cooling from the col-
lection pipes, or the heating generated from the heat recovery of the ventilation machines. In-
stalling a system like this will also increase the property value and give out a greener image

of the property.
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5 PROGRAMMABLE LOGIC CONTROLLER

Programmable logic controllers are usually a smaller processor unit than a household com-
puter which are used to control real-time automation processes. The reason for them becom-
ing more and more used is that one controller can replace multiple control blocks and relays

which were used back in the day for controlling an automated system.

Distech programmable logics. Distech is one of numerous logic manufacturers. Distech
has a wide range of programmable logics but in our case, we had three reasonable options of
which we chose two. Distech controllers are widely used in our company for their reliability

and availability.

When choosing logic, different things must be taken into considering, for example: pro-
cessing ability, the number of I/O points, compatibility with needed data transfer protocols,
how well-known the programming language is and expansions possibilities that may be

needed in the future. (Distech, n.d.).

In addition to programming logic, Distech also has many other parts necessary for building a
system for our customers’ requirements such as field interfaces, sensors and additional cards

for relays and data transmission (Distech, n.d.).

5.1 Distech controller: ECY-S1000-48

Picture 5 displays Distech controller ECY-S1000-48. Distech controller ECY-S1000-48 is a
CPU capable of supporting maximum of 10 Modbus devices and it has the capability of sup-
porting up to 320 I/O points and up to 20 I/0O modules (Distech, 2023b). It supports BACnet
MS/TP, Modbus RTU and Modbus TCP. With extension modules it can support more than
one communication protocol or trunk. For the first VAK this controller has more than enough
power to run our program and the devices behind it. The first VAK has been designed to con-
trol the heat distribution circuit and the controls for lights and defrosting. Picture 6 displays

Distech extension module.



Picture 5. Distech controller ECY-S1000-48.

Picture 6. Distech extension module.
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5.2 Distech controller ECY-APEX

For the second VAK our project needed more power as the second VAK had to control three
bigger ventilation machines and a lot of smaller controlling points, so ECY-APEX was se-
lected (Distech, 2023a). The APEX controller supports up to 320 I/O points and up to 20 I/O
modules. As the ECY-S1000-48 controller the APEX controller supports also BACnet, Mod-
bus RTU and Modbus TCP communication protocols. APEX controller will support up to 963
Modbus devices. Picture 7 displays Distech ECY-Apex controller.

FS-485

| I ——
MID END/EIAS END +

Picture 7. Distech ECY-Apex controller.
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6 CAVERION DRIVE

In the future, property management is the key to more energy efficient and sustainable prop-
erty solutions (Caverion, n.d,-c). Caverion Drive is a platform that includes programming li-
braries, protocol support, secure solution-based cybersecurity, measurement and trend ana-
lytics with reporting which enables a greener system by utilizing emission and price data pro-
vided by the energy supplier. Drive enables easy integration into various devices and sys-
tems with its extensive protocol support, including energy a space management, security so-

lutions, access controls, and property controls. Figure 2 demonstrates Caverion Drive opera-

tion.
Caverion admin users Caverion users el
+ Portal admins » Analyties » Managers » Managers + Munkipalities
2 oI development o Remotycenter -+ Sales o Property awners  » Investors
taam » Service & Tenants " oete
Caverion Datal Platform J

* Weatherdats mumuzmupe alap s
» FM tocls

s Metering data .IIIIIIIIIIIIIIIIIII*@

= Service orders

s Energy pricing smmmm I'
Data storage .
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. e N anaiytics SmariView

Caverion BMS. Caverian energy
Integration platform center

dzsssssnsnnnnnsn
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| Coali Indoer air Safety and
. il quality SBCUTity

Figure 2. Caverion Drive.
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7 PROJECT PROGRESS

7.1 Point- and cable design.

The programming task initiated by creating a point list in Excel. This list serves as the founda-
tion for generating points in the GFX — program, cable routing plans, connection diagrams,
device list, and the control panel (VAK) layout. This phase is crucial groundwork for all future
work, as errors left in the foundation could lead to significant additional work in both program-

ming and graphics creation.

Caverion has created an excel template that tremendously facilitates our work in the scenar-

ios mentioned above. Next section will be a overview of it.

Point index - The actual point on the 1/O card.

Point name - Which is used in the programming stage and the graphics.

Units - In which the program and the graphics page will show value of the point.

Description - Which lets the user know in detail which sensor/actuator that point holds.

Signal type - Signal types can be resisting signal, 0-10V, a digital signal, 0-20mA and
4-20mA.

Scale - From where to where the sensor measures. In the case it's from 0 Celsius to
100 Celsius.

Modbus register — Using the wrong Modbus register, the program will not display or

produce the correct/desired value to the user.

Notify class - is where we choose the importance of the alarm.
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High limit - is the set limit for which if the value of the sensor goes above the alarm

sets.

Low limit - is the set limit for which if the value of the sensor lower above the alarm

sets.

Deadband - is the range which an input can varied before the alarm set on/off.

Once this selection has been filled with using the building automation plans, we can move

on to choosing the device and the cable. First field form the left is the device for this point,

and this will be used in generating the device list. Fifth form the right is the cable needed

for the connection and the number of wires in the cable needed which will be useful in

generating the cable routing plans and connection diagrams. Tables 1, 2 and 3 illustrate

the Excel sheet used in this project.

Table 1. 1/0 points on Excel sheet.

Praint Type: |
Foint Faint ul Dij &) DO Signal Part
Indes Mame Units Diescription 1 .?. 4 Type Scale Idumibser Dietail Rev | Mosdbus regi
Point Paint ul D) O Do Signal Part
Indes Mame Lnits Dlescription 15 507 4 Type Scale dumiber Dhetail Reu | RModdiass regi
iz 302 Retwater Temp = 302 TEO4 Paluuvesi |impitila # 0-H0% OFi00
Ul 202 302.SupAirFIrPresDift01 Pa 302 POIEO Tulzilmasucdatin paine-ero H 00y 500
U203 302 ExhAirFIrPre=Difk Fa 302 POIE1S Foistoilmasuodatin paine-ero # 0-10% 500
Ll 204 302 HrAirPresDift FPa 302 POIEDZ Lsmmantalteenotio paine-ero bl 0-10% D500
Ul 205
LUl 206 302 SupAirFres Fa 302 PIE10 Tuloilm a paine # 0-H0% /1000
ulzoy 202.ExhAiPres Fa 202 PIE1Y Poistoilma paing o 0-10% 071000
Ul 208 302.Sup AirF anPresDifk Fa 302 POIEDE Tuloilmapuhallin paine-ero # 0-10% OHI000
Ul 203 302 ExhAirF anPre=Diff Pa 302 PDIEA Poistoilmapuhallin paine-ero H 00 0H000
U210 302.SupAirTemp = 202 TE1D Tuloilma [Smpdtila # A0 Typee Il
uan 302 ExhAirTemp = 302 TE13 Poistaima limpdtila # 10K Type ll
U212 302.SupAirHiTemp i 02 TEDS Tulgilma lmpdtila LTC:n jSlkeen bl 10K Type Il
U213 302 ExhAirH Temp = 302 TE21 Foistoilma 13mpdtila LTCwm jalkeen # 0K Type Il
Ll 214 302 Metw TempRetCw i 302 TEDS Esilimmityksen paluuveden ldmpétila = 0K Type Il
Ul 215 302.Sup AirFIrPresDIifr02 Fa 202 PDIEM.2 Tuloilmazucdatin paine-ero # 0-10% /500
Ul 216 302.SupAirCuTemp = 302 TED Tuloilma I3mpditila ji3hd jalkesn # 0K, Type Il |
Sheet |
o217 302 FrostProtectAlm HALYTYSIOK | 302 TZA04 Jadtymisvaara hilytys bl Diigital
oiz1g 302.5up AirF anSt KAYISEIS 202 TFO1 Tuloilmapuhallin tilaticho ® Diigital
[aFE]
Dizza 202 ExhAirF anSt KAYISEIS | 202 PF0 Poistoimapuhallin tilatieto " Diigital
oIzt
Dlzzz 302 HeatPumpAlm HALYTYSIOK | 302 P04 Limmityspumppu halyys " Diigital
onza2z 302 HeatPumpSt KAYISEIS 202 P04 Limmityspumppu tilatieto ® Diigital
Ciz24
Dizzs
DIzze
DIzz7
oizag
Dizz3
Dizz0
oz
DlZ32
Sheet
MRE201 IMREZ.1Relay modul MRBE 24VAC
D033 302.SupAirF anCmd FAALLAFOIS | 302 TFO1 Tuloilmapuhallin ohjaus ® Diigital MREZ11
00234 302 ExhAirF anCmd FAALLAIFOIS | 302 PFO Poistoilmapuhallin ohjaus ¥ | Diigital MRE2 12 i
D0235 302.Sup AirDamper AUKREIMM | 202 FGO Tuloilmapeltimoottori # Diigital |[E=3E]
D0236 302 ExhAirDamper AUEREIMM | 302 FG22 Poistoilmapeltimootbarn 3 Diqital | =3 4
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Table 2. I/O points on Excel sheet.

High Lirniitd Alarm

Motify | walue ffeedback Loowe Limnitd

class point: Dieviation limits | Deadband Update Dleyice Sapcode FPlatetype
Z B5 3 3 Produal, TEY PTI000 14381503 igldDevicePlate
3 250 Flons 20 Produal, PEL 2500 k) | 84206005 ieldDevicaPlate
3 270 Mlone 20 Produal, FEL 2500_R 144206005 ieldDevicePlate
2 AlarmSetpoint 20iklone 0 FProdual, PEL 2500 _k 184206006 ieldDlewvicePlate
Rone | Klone Mlone Flone
2z SAlarmSetpoint 208-20 5 Produal, PEL 2500_M 184206008 ieldDevicePlate
2 AlarmSetpoint 20¢-20 5 Produal, PEL 2500 k) | 4206005 ieldDevicePlate
Mone Rlone Blons Rlone Praodual, IML 184231010 ieldDevicePlate
Rone | Kone Mone Mone Produal, IML 154221010 ieldDevicePlate
2 AlarmSetpoint 5id-5 1 Produal, TEK MTC 10 183006001 ieldDevicaPlate
2 25 15 2 Produal, TEK MTC 10 143006001 ieldDevicePlate
Rone | Kone Mone Mone Produal, TEKA WTC 10 50CM 14202100 ieldDevicePlate
o FBhone Flons Flone Produal, TEK MTC 10 183006001 ieldDevicaPlate
Rone | Klone Mlone klione Produal, TEK MTC 10 143006001 ieldDevicePlate
3 220 204-20 5 Produal, FEL 2500 K 144206008 igldDevicePlate
o Bhone Flone Flone Produal, TEHR MTC 10 | &3001001 ieldDevicePlate
1 FBhone Flons Flone Produal, Jya 24 183811001
1 Falseflarm Mlone klione
Rone | Kone Mone Hone
o Rome Rlone Mone
Rone | Kone Mone Mone
Z Hone Mone Hone
1 FalseAlarm Mlone Flone
RMone | Kone Mone Mone
Rone Rlone Hlone Flone
Rone | Klone Mlone Flone
RMone | Kone Mone Mone
e Mo Rlons Mone
Rone | Klone Mlone klione
Rone | Kone Mone Hone
e Rlone Rlons Mone
Rone | Klone Rlone klione
Hone hlone Flone Flone Pariachi Oy, KORTTI MAE_1 RELAYMOOFIAZS3200
Zz 218 Mone Hone
z 220 Rlons Mone
Rone | Klone Mlone klione Eelimo, SF244 1ASOMZ05 ieldDevicePlate
KMone | Kone Mone Mone Eelimo, SF244 1A50M205 ieldDevicePlate

Table 3. Cable design Excel sheet.

Produal, TEY PT1000 FIA3981603_ [FieldDevieePlate [ Switch_Nomaki2iTp Suitch v} OIAK 1262201505 L4033TE 30201 i i [ [
Produal PEL 2600_R FIA4208008  [FieldDevicePlate Produal_fielddeu_Swire_Momak2y Froduslfislddun_Suirs v} ORARK 240 el LT036ES 302 POIEAT] B [tor or us
Produal, PEL 2500 M FIA4208008  [FieldDevicePlate Produal fielddey_3wire_Momak2y OMAK 25200.540. LT09663 302 PDIE M [tar ar va
_Produal, PEL 2500 K Fla4208008 dDevicePlate Produal fielddew_Jwire homak2y Frodual fisldey_3uiro_u3 ONAAK 220,540 LT036ES 302 POIEOZ N [tar or wa
Spare_MIOS2 Fiossruation_v3
Produal PEL 2500_H FIA4206008  [FieldDevicePlate Produal fielddew_3wire_homak2s Frodual_fioHdeu_Fuire_vi DRAK 25220, LT03EES 302 PEION  [tar or )
_Produal, PEL 2500 1 FlA4208008 [d0ey Produal_fielddey_Jwire_Momak2y OMAK 242054 LT0965S J02PIEIS M [tor ar va
_Produal Fla4231010 dDevi Produal fielddey 3wire_Nomak2s Frodual fisldey_3uiro_u3 ONAK 220,540 LT036ES 302 POIEQS N [tar or wa
_Produal FIA&4231010  [FieldDievicePlate Produal fielddey Jwire_Nomak2s Frodual fisldey_3uiro_u3 ONAK 212054 LT036ES 302 POIEZTH [tar or wa
_Frodual, TEK NTC 10 FlA3006001  [FieldDevicePlate witch_Momakizep Suitch v} OMAK 121220.5+10. L40337T 302 ar foa
Produal, NTC10 FIAJ008001  [FieldDevicePlate witch_Momaki2e2p Suitch_v} ORAAE 125240.640.! L4053T7 302C Zar 2va
_Produal TEKANTC 1050CR FIA3021001  [FieldDevicePlate witch_Momak12:3p Suitch_vF DMAK 12250.5.0. L403577 302 ar v
_Produal, TEK NTC FI&3008001 | FieldDievicePlate witch_NomakiZadp Suitch v} OAAK 124220500 L4053TT 02 dar dua
Produal, TEKNTC Y FI&3008001  [FieldDievicePlate rodual fielddew_ 2vire_homak2i Frodual fislden_2uiro_u3 ONAAK 220,540 LT036ES 302 C r fua
_Produal, PEL 2500, FIA4208008  [FieldDevicePlate Produal fielddev_Swire_blomak2x Frodual_fisHdeu_Fuire_v3 DRAK 25250.5+0.5 LT0AEES 302 POIENLZ Mtar Zor 2va
Produal, TEHR MTC 10 Fla3001001  [FieldDevicePate Switch_Momaki2ugp Fuitsh vk DRAAK 125200.6.0.5 L403377 302 C1 ar va
Produal, JVA 24 183811001 Produal jua2d_alm_InterlockEst Frodusl_jvazd_alm_v3 Internal Wiring Cav0ot 302 TZAN4 |
witch_Jamak4tip Suitch_vF JAMAK 44[21]20.5 L6563 JDETEOS fu tri
pare_MIDSE Fiossruation_v3
witch_Jamak4uip Suitch_v¥ JARAK 44[21)05 L265EES J02FFOT) [ i
pare_MI052 Farsruation_v3
witch_Nomak2:lp Suitch_vF IOMAK 24240.540.5 LT036ES 02PN far tea
witch_Nomak2y2p Suitch_vF IORAK 24240.540.5 LT036ES JDZP4N faar 2va
- jpare_IWID5E e
r pare_MIO52 Raservation v3
pare_MID52 Fiarsruation_v3
jpare_MID52 Fieseryation_v3
jpare_MID52 Fieseryation_v3
pare_MIDE2 s
pare_MIE2 B
jpare_MIDG2 Fieaeryation_v3
pare_MIO52 Farsruation_v3
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7.2 PROGRAMMING
Ventilation machine TK302

Distech uses the EC-gfxProgram programming platform. The platform uses function block

programming (FBD) which is familiar for many programmers.

________________________

EE X

LIO-LOHKOPELTESR THTEENSK 3 KPL

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Figure 3. Technical drawing for TK302 (Granlund, internal document, 2023).

Figure 3 demonstrates control circuit for ventilation machine TK302 (Granlund, internal docu-
ment, 2023). In the programming of the ventilation unit, it is crucial to ensure the functionality
of necessary interlocks from the perspective of device shutdown and recovery. Traditional in-
terlocks include emergency shutdown of ventilation, ventilation system fault alarm, exhaust
fan operation allowed only when supply fan is running, heat pump status, and freeze hazard
alarm. These measures are in place to preserve the integrity of the unit, for instance, in an

event of a fire, ensuring the machine shuts down autonomously.

The freeze hazard alarm protects the heating coil from freezing, which is one crucial com-
ponent of the ventilation unit. In the program, this is addressed by setting a setpoints for

the TEOS measurement point (Granlund, internal document, 2023). When the temperature
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falls below a certain threshold, the ventilation unit is directed to operate on minimum
speed, and if it drops even further, the unit is commanded to stop. The program also ad-
justs the valve FV04 to modulate the return water temperature towards the setpoint by
closing the valve for indoor loop if the temperature is too high and fully opening it again

when the temperature has dropped too low.

Operation of the unit

Temperature control: The program directs the unit to achieve the setpoint temperature at
the TE10 measurement point for supply air (Granlund, internal document, 2023). This is
achieved by controlling a series of components, including the heating coil, heat recovery,

and preheating coil.

Air volume: The regulation of air volume is based on the pressure differences between ex-
haust and supply air, from which a setpoint is calculated (Granlund, internal document,
2023). The program adjusts the rotation speeds of TF01 and PF01 to maintain the airflow

of the fans at the setpoint.

Fire dampers: When the fire dampers close, the ventilation unit is directed to shut down
(Granlund, internal document, 2023). Every six months, the ventilation unit is manually set
to standby as the dampers are tested leaving a note to control room of the testing. The

control room issues a reminder if more than 6 months have passed since the last test.

Precautions and alarms: If the pressure difference measurement PDIEO2 reaches the frost
limit, the program controls the heat recovery dampers to open and close to thaw the damp-
ers (Granlund, internal document, 2023). The program also aims to maintain the desired
temperature setpoint at TEO3 by controlling the damper’s operation. Filter pressure differ-
entials are monitored, and if the pressure increases too much, it triggers a filter guard
alarm in the system. Pictures 8, 9, 10 and 11 illustrate the ventilation machine TK302 pro-

gram.
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( ALARM INFET )

Picture 8. TK302 Program part 1.

( AHU COMMANDS )

Picture 9. TK302 Program part 2.
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( HEATING

( OTHER

Picture 10. TK302 Program part 3.
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Picture 11. TK302 Program part 4.
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Room controllers

x B2

WO VXORBATLA V2 WIOKRATILA KEITHO VO3 TAVARAN VASTAANOTIOTLA V8 PUKISIONE / V87 wC

Figure 4. Technical drawing for room controllers (Granlund, internal document, 2023).

Figure 4 demonstrates control circuit for room controllers (Granlund, internal document,
2023). Programming the room controllers started with going through the desires set by the
client and designer. In our case the instructions were simple. Program should keep the
room temperature at a user-set setpoint by controlling the operation of the circuit-specific
valve actuator and to provide an upper and lower temperature limit alarm to the building

automation system.

The valve actuator can be controlled in degrees from 0° to 100° by sending the actuator a
voltage message from 0 Volts to 10 Volts. With programming in mind. Creating an adjust-
ment message is not difficult when using a proportional-integral-derivative controller more

known as a PID controller.
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In this case the PID controller gives out an output which it has calculated from the input
and setpoint to control the valves position. Pictures 12 shows a PID controller used by one

of the room controllers.

RoomTemp > RoomTemp >
ReomTemsss S Foomfempis >
Actuator > < HvAchator
Rty inpux Ot T >
RoomTampSp - Setpoint

Picture 12. Room controller PID.

¢ Input: The temperature that controls the desired actuator.
e Setpoint: The wanted temperature for the space.
e Enable: Authorises the block to operate.

e Output: The calculated output message from the input messages.

Distech program platform lets the lower and higher alarm limits to be set straight into the
variables. Deadband prevents toggling with the alarm by requiring the input to drop below
or rise above the threshold by the amount of the deadband before the alarm turns off or
on. Notify class specifies the priority of an alarm in the variable. Picture 13 demonstrates

alarm setpoints of the room thermostat.
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4 Alarm
Enabled: (]
Inhibit binary value: None v
Limits enabled: High limit: 3 Low limt: @
High limit: 25 T
Low limit: 15 ‘C
Deadband: 2 T
Time delay: 0 5
Time delay (Nomal): 0 s
Motify type: Aam
Events enabled: Tooffromal: @ Tofaut: @ Tonomal: B
To offnomal message: {Description} {PresertValue:0.0H{Units} raja-arvo halytys Insert variable. .. w
To fault message: {Description} {PresentValue:0.0H{Units} vika Insert variable... v
To nomal message: {Description} {PresentValue:0.0{Units) raja-arvo halytys poistui Insert variable... w
Notify class: C w { Confiqure

Picture 13. Alarm setpoints of the room thermostat.

Lights

The lighting controls operate by a schedule, control buttons and a light sensor. The light
sensor measures the ambient light outside, which the program reads, and when the out-
door light drops below a certain point, the outdoor lights turn on. Pictures 14 demonstrates

Program of outdoor lights.
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Picture 14. Program of outdoor lights.

The program controls outdoor lighting based on the schedule and light sensor. The ambient
light value is inputted into the control block, where the threshold value for turning the lights on
is set. When the measured value from the sensor falls below the set value, the control blocks
output turns on. The control block also includes hysteresis, which enables smoother opera-
tion of the output. Without hysteresis, the lights might flicker on and off when the value from

the sensor hovers around the threshold value of activation.

From the interface (Picture 15), the user can choose whether they want to control to be

based on the sensor, schedule or both. Picture 16 depicts the schedule of outdoor lights.
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Picture 15. Outdoor lighting graphics.
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| Sisdankayntilippojen valaistukset

| utkovalot seinana

| Ulkovalaistus ovet ja katokset

| Lastaustaiturin valaistus

PAALLA PRELLA PHALLA

aka | = || o000 ||+ | & = || o000 || 4

Picture 16. Schedule of outdoor lights.

Heating and cooling system.

The heating system operates through a combination of a condensers, electric resistors, and

heat pump combined with collection pipes (geothermal loops). Primarily, heat is generated

with the loops combined with the heat pump and condensing the heat from commercial refrig-

eration systems back into the property’s needs. If the collection pipes heat pump and con-

densers are insufficient to meet the required heat output, the electric resistors in the water

tanks activate progressively to ensure the necessary heat is produced. The program controls

the circulation and output of heat through valves, pumps, and resistors. Additionally, excess

heat is dissipated from the property’s roof. In winter the heat extracted is replaced by pump-

ing back the cool liquid into the ground loops, which can be utilized in the summer by pump-

ing it back for use in air handling units. Pictures 17 and 18 illustrate the heating and cooling

circuit.
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Picture 17. Graphics of the heating system part 1.
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Picture 18. Graphics of the heating system part 2.

7.3 Grafting graphics
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The process of drawing graphics began with review of the design plans, enabling an under-
standing of graphic page requirements. The graphics themselves were created using the En-
vysion-program. The program comes with its own libraries containing ready-made symbols.
However, Caverion also has its own libraries that include the necessary symbols and draw-
ings. Traditionally, graphics depict controls of actuators, status information, measurement
points, and control points. The example picture below will give you a good understanding of
finished graphics page. As you can see the page can also include buttons which opens a dif-
ferent page for example on the ventilation machine below there is schedules, setpoint list,
trends, online tracking, events, operation description, floorplans, effected areas, and fire
damper states. Pictures 19, 20, 21 and 22 represent the entirety of the graphics for ventila-
tion machine TT302.
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Picture 19. TK302 Graphic page ventilation machine.
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Picture 22. TK302 Graphic page affected areas.

7.4 Installation and commissioning

Pre-site arrival and installation

Chapter 7.1 briefly covered cable routing plans and connection diagrams generated with Ex-
cel. These are crucial at the start of a construction site, when the electricians (in this case, a
separate company) commence cable installation. Generally, after the cable routing plans
have been generated, electricians can work independently. However, some sensor and actu-
ator locations may require clarification, and on-site visits for adjustment. Following the cable
routing plans, the next step involves ordering the devices and sensors. Once the ordered
equipment has arrived on site, the automation installer proceeds to make the necessary con-

nections using the wiring diagram.

Launching the program and software

Once the installation and connections are complete, it is time for the software designer and
commissioning engineer to arrive at the construction site. Changes are typically expected
both at the software and graphic fronts. On site, the location of the equipment in the graphical
representation will be refined and any changes identified. From the software perspective,
testing reveals if there are any deficiencies or need for alterations. An important example in
this context is the speed controls of the overhead fans. The original software controlled the
three speeds by sending notifications for each speed separately, even though the fans re-
quire full speed notifications for all lower speeds simultaneously. The software is simulated

before arriving at the construction site using invented measurement results and setpoints.
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This simulation creates real-life scenarios in the system, and it can be verified that the pro-

gram functions as required.

Handover of the project

After verifying the functionality of installations, software, and devices, the system is moni-
tored, and the client inspects the site and receives controls of the system. At the same time,
the client is trained in the skills necessary for system maintenance and operation to ensure
ease of controls for the client. Software and graphic designer are tasked with creating a user-
friendly control panel where the purpose of setting setpoint values and labelling the control

buttons are clear to the end user.
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8 CONCLUSION

The goal of the thesis project was to implement a functional building automation system for a
site, leaving the customer with a solution that operates autonomously, maintain the infrastruc-

ture of the property as desired and anticipate and report maintenance as they arise.

As a result, the customer got a solution that met their needs, thus the set goal was achieved.
Caverion offers a service guarantee on site for two years, which allows Caverion to monitor

the project and address needs should they arise.

Initially, the thesis project presented a challenge for me, despite my experience as an electri-
cian and studies of Automation Engineering. Even though my previous work experience and
current education did not directly prepare me for the task, they helped me to understand
many aspects, such as troubleshooting programming challenges and creating wiring dia-

grams and equipment lists.

Programming was undoubtedly the most challenging part for me, even though | was already
familiar with the Function Block diagram (FBD) programming language. Many functions were
designed for devices to operate simultaneously or to override each other based on the im-
portance of the function. Caverion provided a programming library with pre-made blocks for
various systems, but often these blocks needed customization for the specific site. However,
the most challenging part was understanding the designer’s intentions for the functions and

translating them into a functional code.

Nevertheless, the thesis project was diverse and challenging. As the work progressed, | was
able to study the subject extensively, which led to a significant learning experience involving
building automation and the operation of related sensors and actuators. | believe that the ex-
perience gained from this project will enhance my skills and readiness for future tasks and

projects.

The outlook for energy-efficient buildings is evolving rapidly. | believe that there will be signifi-
cant development in building management in the future, thanks to Al programming and the

use of sustainable and renewable energy sources in building infrastructure.
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