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MAIN TOPICS

« Main goals of building management system
* European standard EN 15232
 International standard DIN EN I1SO 16484

« System integration / BACnet

« Case study
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More than 40% percent of i

primary energy are
consumed in buildings.

Significant part of that are
consumed by HVAC
systems.

Transportation
31 %
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VRGO NATUAL S SUSTAINABLE DESIGN AND

HVACKGAS A OPERATION OF BUILDINGS

building envelope building systems
building physics, facade systems heating, cooling, ventilation, lighting

optimized operation of buildings

considering the user comfort, user interface and energy efficiency by advanced
building automation and management systems
)
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1. itis too warm/cold
2. there is no air from the outlet

3. no one can operate the systems
4. no one knows why something does not work

5. unnecessarily wasted energy
6. money automatically flies out the window ...

7. complicated service of HVAC systems

without building automation is like driving a car without a speedometer!
- Not knowing is not an excuse .....
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HVACAKGGASA  SYSTEM GOALS
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Realistic

Durable SIImEmIE i

Efficient

User — friendly

Flexible

Affordable
Reliable
Secure

Open

Powerful
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‘ EUROPEAN STANDART EN15232

Establishes the conventions and methods used to estimate the effect of control
automation systems and BMS on a building’s energy needs and performance

* a structured listing of the control automation and BMS functions which
impact a building’s energy performance;

* a method for defining the minimum specifications applicable to
buildings of varying complexity with regard to automation control and
BMS functions;

* 3 way of estimating energy-saving factors which can be used in
conjunction with a building’s energy evaluation
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‘ EUROPEAN STANDART EN15232

BACS Energy Performance Classes

Class A:

High energy performance BACS
and TBM

Class B:
Advanced BACS and TBM

Class C:

Standart BACS (is normally the
reference)

D Class D:
Non energy efficient BACS

BACS — Building Automation and Controls System
TBM — Technical Building Management System o]
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Key

Occ = standardised level of occupancy t=time Tset = temperature set point 10
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| EFFICIENCY CLASS D
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| EFFICIENCY CLASS B
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| EFFICIENCY CLASS A
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FUNCTION LIST AND ASSIGNMENT
TO BACS EFFICIENCY CLASSES

*Heating control, Domestic hot water supply control;
* Cooling control;

*Ventilation and air conditioning control;
Lighting control;
*Blind control;

*Technical home and building management.

15



ADVANCED NATURAL

HVACR GAS )

:-11-..\ Air Conditioning

Associations

TECHNOLOGIES £

| EXAMPLE

Definition of classes

Residential Non residential

D|C|B|A]JD|C|B]|A

4 VENTILATION AND AIR CONDITIONING CONTROL

4.1 Air flow control at the room level

0 | No automatic control

1 | Time control

2 | Presence control

3 | Demand control

42 Air flow or pressure control at the air handler level

0 | No automatic control

1 | On off time control

2 | Multi-stage control

3 | Automatic flow or pressure control

16
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ooz, wged> EN 15232 / DIN V 18599-11 ENERGY §”€

VACKGAS A CONSUMPTION SAVINGS

Non-residential building types Overall BACS efficiency factors fgacsin
D C B A
(Reference)
Non energy Standard Advanced High energy
efficient performance

Offices 1,51 1 0,80 0,70
Lecture hall 1,24 1 0,75 05°
Education buildings (schools) 1,20 1 0,88 0,80
Hospitals 1,31 1 0,91 0,86
Hotels 1,31 1 0,85 0,68
Restaurants 1,23 1 0,77 0,68
Wholesale and retail trade service 1,56 1 0,73 06°
buildings
Other types: 1
- sport facilities
- storage
- industrial buildings
- etc.
* These values highly depend on heating / cooling demand for ventilation. 17
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NATURAL? "STANDARDIZED" SAVINGS WITH §”€ ,,,,,,, )

HVAC BUILDING AUTOMATION

Values of DIN EN 15232 - demonstrated by building simulation.
The savings using light control is not mcluded in DIN EN 15232
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BACNET/IP
ETHERNET WAN

BUILDING AUTOMATION
TOPOLOGY / ALERTON

HTML
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PRODUCT ARCHITECTURE

l

MS/Te

\ ASCENTCONTROL MODULE™

|

VLX-PLATINUM

BACNET MS/TP
LAN

PROPRIETARY
LAN

i MODBUS IP

=

Alerton’s 100% native BACnet system is already working thr

' PROPRIETARY SYSTEMS

1
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725
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ASCENTMICROSE T4
WALL SENSOR

1

ds of buildings just like yours.
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BMS OPENweb

B0

Modem(s)
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INTEREST GROUP EUROPE

Printer / Fax Operating GPRS / UMTS Tablet PC CORA-B GALAXY One
station Bluetooth
BACnet/IP TCR/IP BACnet MS/TP
OPEN 3100 OPEN 710 OPEN 500 s = OPEN SRU
max. 250 BACnet objects N
OPEN 4100 max. 4000 BACnet objects OPEN 810 max. 1000 BAChet objects OPEN 600 max. 112 physical data points BACnet single-room
Native BACnet Controller  max. 4000 physical data points Native BACnet Controller max. 512 physical dats points Native BACnet Controller 32 integrated 10s controller 16 integrated 10s

i~

C1 CAN C1 CAN
—_— _—

BACnet MS/TP use BACnet MS/TP BACnet MS/TP
RS485 RS485 RS485

BACnet MS/TP - RS485

C1 CAN
R —

BACnet MS/TP
RS485

Connection to external systems

0.3V RS232 1 RS485
— ’ MBus|
4 RS232 1 RS485
PLDx-24-BAC 4 PWDx-24-BAC ’K NX|
Al Al TCP/IP BACnet/IP
;’ _—

TCP/IP
_—

RS232
_

RS485

Other connections upon request

CAN
_—

KNX

MODBUS
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HVACRGAS X STANDARDIZATION

A wider functionality and reduced cost of integration

Common functionality Alarm processing
due to common standards Time schedules

Trending

History evaluation
Functional peer-to-peer
communication

HVAC
control

HVAC
control

Life

ess-
afet

control

Access-
Safety control

A 4

Costs of integration
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HVACRGAS A FUNCTIONS _

Operator & -g @ ))))))) @

functions Oeratlon Alarming Reporting Help Paglng

Management ﬂ:&i =1 = Ny -

functions Data analyses Documentation E™ @X\ Mamtenance Networking

- + - m.hs
@Qﬁ Back’power a @ N

Techn. alarm Safety alarm control Peak Power limit Time program
i &] — N | 1 | | [}
Processing 1 >k gl — u ......... i
functions Interlocks | Closed loop ctrl. Calculation| Operat.hours Set point range
Characteristics | Recording Superwsmn Counting Man. operation
I/O functions (F 2] |§] E[;|.||||@@ @
(fIE|d dEVICES) Measuring Binary State Switching Positioning
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2 K-Rauta strores in Latvia:
Madona

4 K-Rauta strores in Estonia:

Parnu, Tartu, Tallin

1 K-Rauta strore in Sweden: Umea

Riga,

Buildings where already constructed
and we were invited to to give ideas
about energy consumption decrease.
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We have developed Theoretical energy consumption calculation of air handling units
in Matlab/Simulink

GD; oty %10 GDy ty Xy

@ @i i O, \ GDs t5 X5
Lo GD;l;X;  GDgtgXg
ol - | \

GD, t,X, | —b BN R I
IS i 7y A4 \
AT AL =T O

GD, 1, X,/ GD; X3/GDt;xyf GDgtgXe

Energy consumption of air handling units depends from:
air handling unit configurations, outside air parameters, heating and humidity loads in premises and supply
air parameters. Change of air parameters shall be calculated after each section.
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TECHNOLOGIES £

Mathematical model for theoretical energy consumption of air handling units is developed in
Matlab and Simulink. Each air handling unit section has Simulink block with mathematical functions,
written in Matlab.

M-file S function

Database of Simulink consists of:
- Qutside air parameters;
- Air handling unit sections data;
- Work conditions of air handling unit (working time, sections).
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8 Twbmod
Eile Edit View Simulaticn Format Tools Help
O =S - = 4 I | Normi BB & B ERE®
23 »

Temperatira, C

14.88

¥

Twhaprek1

Mitrd termormetra
vattha, C Twk

]

Mitruma saturs, aiky

Mitrd termometra veribas
aprékindsana

Calculations allows to understand more easier:
- Possible energy savings with different control logics / parameters;
- Payback time of different investment solutions connected with configuration of air handling units and

control methods.

27



Federation of

in Heating,
Ve Ilaﬂona d
Air Conditioning
Associations

H\/A

R .xb CONTROL SYSTEM ANALYSE OFF §”€

K-RAUTA STORES IN PARNU, TALLIN, TARTU, UMEA

TEC HNOLOGIES

Stores were investigated and existing situation and necessary improvements in HVAC and lighting
control was given in written Report. Main improvements:

- CO2 detector installation in trading halls;

- water boiler pump connection to BMS;

- correct control of cooling system;

- indoor lighting control according to time schedule, synchronized with store working
time. Time of BMS is synchronized with internet time;

- outdoor lighting control according to outside light detector measurements. Each group is
turned on by individual set point of light level. Each group has time schedule, which gives
opportunity to turn on light just in store working time or during a night.

- connection of main air curtains / air heaters to BMS.;

- cascade temperature regulation of air handling units. Air handling units supply air
temperature was calculated according to room temperature. Minimum supply air
temperature was determined as 15 degrees C;

Our recommendation was to change control system.

On average investement off 30 000 EUR/store, and payback time 2 years.

28
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B Server
4 g COSMOweb

4

&Y Haabersti
&% Parnu
&Y Tartu
&Y Tondi
4 @ 01: PR.Open
43 Error message
a3 Password
] Time
=] delayed outside air t
] unlock
4 Control
] First floor
=] Second floor

[~} AHU2 control
] Air curtains

=] Goods delivery 2
=] Exhaust fans cot
=] Exhaust fans cot
=] Heating centre
=] Boilers, chiller, r¢
=] Outside lighting ¢
=] Store lighting, ot
=] Goods delvery li¢
=] Air blowers

=] Main power eleci
Circuit imes

Logic

10 modules

Modbus

AHU1

AHU2

Air curtains
Stockroom air curtair
Air blowers

Exhaust fans
Boilers, chiller
Heating centre
Drain, roof heating
Lighting

Rosettes

Service controller
System

[European Heating,
Ventilation and

TECHNOLOGIES £ 3 Air Conditioning
Associations

Y ' K-RAUTA stores .

Back \ [tartipage] ‘ AHU1 control, offices and store main entrance side Next

outside air temp. sensor
| CO2 store | RO-temp. sensor
Xt =1l
/§ EX temperature sensor ITL? b

20,0 °C L
aP aP ‘ e
I r ‘ J %. | Exhaust from store main entrance side/2nd part

CO2 offices

M 5

operat.

52,8 ppm
L
Exhaust from offices

700 %
350 Hz

W@

Sh-temperature sensor

164 °C
Supply to store main entrance sidef2nd part

—o—l —Q“—@—ﬁ::
; . o

operat

OO0 EE ®

o operat
— y 700 % Supply to offices
Exhaust frequency converter ' 193 °C 350 Hz Supply frequency converter
Fr. converter consumed energy | 31194,00  kwh d Fr. converter consumed energy | 40731,00  kwh
Fr. converter current 14,02 A 'ﬂ)" ‘—‘ Fr. converter current 14,29 A
Fr. converter voltage 198,60 U 00 % Fr. converter voltage 198,60 u
Fr. converter input power 4,05 K : Fr. converter input power 412 KV
Fr. converter output power 3,94 KA Fr. converter output power 4,00 K
Fr. converter speed 35,00 Hz Fr. converter speed 35,00 Hz
operation install.
system contral set-points set-points
fade out operator menu
[ operation mode (T HAND (OFF (e AUTO EX-temperature set-point 20,0 °C CO2 set-point 720,0 ppm

[ time program I ON SA-temperature set-point (calculated) 16,4 °C CO2 value for regulation 549,7 ppm LAFIVE NTS
[ state of system | ON

[ +371 R7R277R7
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i¥ COSMOweb® ControlPanel
ControlPanel  Server View Extras Help
S v DmE uo s
& COSMOweb =
i D o e BMS server for Estonian stores is located in Tallin
: ~ia-| Error message Bus . . .
o i main K-Rauta office. BMS server has online
.. =] Time ota . .
] urlock I Internet connection to K-Rauta stores (Tondi,
] delayed outside air temperature Car .
- (=) Control = Tartu, Parnu, Haabersti).
: - System at
=] =y Tartu £ —SE
. [ 01: PR.Open (Bus
=Y Tondi Loc e e .
B R Cpen i * Unlimited users with access level can connect to
(A Error message Loc .
- e i BMS server with Internet Explorer or Control
Time
% de:ay:d outside air temperature Pa nel (free SOftwa re).
"- . Control
ot First floor
E Second floor
i ot  BMS server stores Trendlogs, events (sends SMS,
E] Air curtains - i i i
e arartamt e-mails during alarm), synchronise controllers
ke e L time with Internet time and gives all acceess to
xhaust Fans control, part 2
- fae| Heating centre
] Boilers,gchiﬂer, roof heaters control ContrOI paramete I
-] Outside lighting control
: -l Store lighting, outside lighting control
- [ie] Goods delvery lighting
; Q Air blowers
¢ teefie] Main power electrical consumption analizer {
-~ System ¢ f 1 31




Federation of
[European Heating,
Ventilation and
Air Conditioning
Associations

omco L Y MACRO LIBRARY FOR ENERGY BE

HVACKGAS A EFFICIENT CONTROL OF HVAC

settings HRC-damper i | .
= « FUP XL Software is used for
set—a.meas.values} cascade-control | RE-temp.contral start control ] setpoint adjust. .
R CRG-valve ] L ] izl programming of controllers.
FUP XL software has Macro
posit.value ouotputs H H
L mos TR T T library (algorltms for HVAC
e N control, written by DEOS
BN Germany)
S i [
Y-contral input of the contral 00 % \\i e /f T . . .
a S R R B =S S *  Macro library is tested in
B | M-limitstion 00n% a 5 ¥-pos signal ctrl. 10 -
R -limitstion 1000 % [ -ctr. input many projecl:lts across
[ postt. walue heat. valve Eu rope It allows to
[ posit. walue CRG-walwe !
CRG-valve 0.0 % : 3 .. . .
[Wl posit. walue cooling valve mlnlmlse programmlng
mistakes
lock protection active settings E l_ starting point heating 66.0 %
icing protection active settings E |— starting point cooling 33.0 % .
enahbling the CRG-valve by a difference d Used algorlthms haS energy
between EX-temp. to OA-temp. of 20 K Sav'ng functlons
By external forced control - OM - |7 CRG-damper |_
CRG-valve 00 % =hift dizplay CRG-valve |7
CRG-request |—
outplt  -COMTINUIGLIS- [w]
output  -3-POINT- l_ graphical visualization E
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* Very important is store working
TETEE— time. Each HVAC unit has it owns

! working time schedule. Each time
12:48. 1 schedules can be activated from
Lo e global time schedule
("% heating control Apkures regulators b 5'
T an| testngoonl | sonmoivabe ) uzm| * Function for heating centres -
o s | [0 e S temperature decrease per night is
Swi-temp. setpoint (calculated) | 200 °C : ;:;2:;::“ used
on optimization | special fur . W“C [ SWitemp.
global switch times (weekhy cl SW-tetnp. m "
e EH e - «  Air handling units in Summer are

Java Applet indow senhelvate W% 1 COOIIng StOI'e d U rl n g a n I g ht Wlth

Cl-purnp -1-  -status- coritrol I OFF C O I d 0 U tS I d e a.l r
CL-pump -2- -status- control I OFF 0 Da-temp
actual operstion mode : clock tirmer I OFF - = i
heating curve SW-temp. control
root point (calculated) 210 *C control operation ’_
proportional band Xp 400 K
Sivternp. bk J hAX 200 °C 300 °C integral action time Tn 1200 &
hight sethack ’7 50K preset time Ty 0.0 s
desigh temperature -12.0/ %€ sampling time To 53 &
steepness 10 zet-meas. difference 01 K
curve 0s integral 373 %
Y -control input contral OFF 00 %
heating contral -OFF- &t OA-temperature = 0.0)%C *-contral input RIN A 0.0 % 1000 %

33
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clocktimer x|
i|?
T . 4 116
OO e e g
COSMOweb 1 18.05.2009
Ho message available TU O WE TH  FR sa su
L& 01: PR.Open 1] =
i e Back ‘ Apkures konturu vadiba Next
& Passward HAND
=E T wtside sir t
2 uwﬂr‘nneck outside sir temp. sensor G orF ’i
T 91 °C Apkures konturs Gaisa aizkaru konturs Ventilacijas konturs
EF Vizualizaciia o . AUTC
B 1 et g control Apkures regulators
2. stavs OFF
Bl Katls karstais ude heating control ]
B Apkures konturu v o NETE 1
AHU vadiba EE—
B AHUZ vadiba T e ract point settings m . Sii-setpoint o optimizstion special functiohs
Apgaismojuma va T [z q 1
St . setpoint (calculated R
~E3 Senice contraller - S it (el s i) Ay i global switch times (weekly clocks)
E3 AHU1 vadiba |
: o [opmat [orera | == . | [&lE]c|o]ENE s R[] [ b [o][F]
23 AHU2 vadib: QA-temperature 284 °C
Mot s ] e
pkures vadiba Sytemp. 349 °C E
-3 Circut times :
1 — E Jawa Applet Window
2 Apgaismojums
3 Fancail R
:ZI ;::‘:::S -S4 -4 control valve 00 % |
peicher Sy Py +
555 % 00 % T
CL-purnp -1-  -status- contral OFF ]
CL-pump -2-  -status- control [ orF ] —————————— DAtemp.
. ; 2 0 @ %5
actual operstion mode : clock tirmer OFF
heating curve SW-temp. control
root point (calculated) 210 *C control operation ’_
proportional band Xp 400 K
operation install. Stermp. MIN I MAX 200 °C 0.0 °C integral action time Tn 1200 =
Aplares kanture Gaisa aiar konirs right sethack 2 50 K | presettime Tv 0o s
operation mode (' HEND (OFF (v AUTO operation mode ( HAND ( OFF (% AUTO [ desigh temperature -12.0/ %€ sampling time To 53 &
time progratn oL i e i o ’[ stecpness 1.0 set-meas. difference 01 K
raot poirt [Eee  210°C root point [ 210°C ,— "
Si-temp. setpoint (calculated) 352°C SW-ternp. setpaint (calculatedd) 305 °C " SLinee s inteorel 3738
i Y -control input contral OFF 00 %
heating contral -OFF- &t OA-temperature = 0.0)%C *-contral input RIN A 0.0 % 1000 %
Java Applet \Window
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I SA-temperature sensor

,—opera!, 148 °C

T | Supply to store main entrance side/2nd part

F_|
Supply to offices ]
600 % PRIy | SA-temperature sensor

300 Hz
Supply frequency converter e [ 150

Fr. converter consumed energy | 13982.00  kwh T | Supply to store main entrance sidei2nd part

Fr. converter current 12.48 A

Fr. converter voltage 15119 |y H

Fr. converter input power 2.7 K

Fr. converter output power 2.64 K

Fr. converter speed 30.00 Hz E’ 'W

1000 %
500 Hz Supply frequency converter

Fr. converter consumed energy | 13982.00  kwh
Fr. converter current 20.45 A
Fr. converter voltage 402.20 U
Fr. converter input power 11.56 kv
Fr. converter output power 11.24 ki
Fr. converter speed 50.00 Hz
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File Formula Datapoint View Help

DeH@X |88 |E:
720 5000
700 4500
680 4000
660 3500
640 b 2000
620 2500
600 2000
580 1500
560 1000
540 500
520 0

08:00:00 09:00:00 10:00:00 11:00:00 12:00:00
13.05.2013 07:22:30 vj .§]1E| : Mouseaction: |Zoom X+Y¥ || 13.05.2013 12:39:25
CO2 offices_speed

+ X B

show datapoint color min max scale scale for scale axis current value line width description

@] CO2 sensor offi... 537.053 705.880432 520 - 720 left dependend on ... 1

[ CO2 sensor 479,307 S560.689148 0 - 5000 dependend onr... 1 CO2 sensor for ...

W] Fr1 Output spe... 0.0 5000.0 0-5000 right dependend onr... 1
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ADVANGED p~y NATURAL TRADING CENTRE ELECTRICAL ENERGY BE

HVACA,GAS CONSUMPTION (TONDI)

Trend recording
File Formula Datapoint View Help
LeE@X |88 |E:
1000 220
900 200
800 180
700 160 |f
] 140
500 120
400 X I | 100
300 80
200 60
13. Februar 3
. Fepru 15.
0 20
08:00:00 12:00:00 16:00:00 20:00:00
13.02,2013 05:55:36 B <D [ E) Mouseaction: | Zoomx+Y v /(B 13.02.2013 23:59:30
(| input power
+ X B
show datapoint color min max scale scale For scale axis current value line width description
|2} |1st input kw 27.12 |198.96 |20 - 220 right |dependend on right ... | It |
[ |Outside lighting inte.... 1.35133 |994.729 |0- 1000 [lefe |dependend on left axis| [t |
|




REHVA

VANGED ) NATURAL TRADING CENTRE ELECTRICAL ENERGY BE
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Ventilation and
Air Conditioning
Associations

AVACAGAS CONSUMPTION (TONDI)

Trend recording 5 -EK—J

File Formula Datapoint View Help
Led@X |88 |E:
1000
900
800
700
600
500
LUX level |
400
300
1 2 f M \/ 2 O 1 3
. of May, .
100
04:00:00 08:00:00 12:00:00 16:00:00 20:00:00
12.05.2013 00:00:00 | | yesterday B« [E) Mouseaction: |cur. value v | [ [ 12.05.2013 23:59:59
[ input power
& X B
|
show datapoint color min max scale scale for scale axis current value line width description
7] |1t input ki 25.8 |144.84 |20 - 220 |right |dependend on right ... [30.840002 1 |
@ |outside lighting inte... 1.34955 |934.162 |o- 1000 [left |dependend on left axis|1.437321 It | |
|




Vlllond

omoryuun vgg> ELECTRICAL ENERGY CONSUMPTION 3E

HVACKGAS A ANALYSE IN YEARS 2015, UMEA

El.energy consumption (kWh)

before and after BMS reconstruction Savings calculated based on first 3 month
K-Rauta, Lagervagen 6, Umea, Sweden performance:

135 500 kWhlyear - el.energy
45000 30 000 kWhl/year — heat energy

40000

0 .
o \__'/k Payback time: 1.8 years
30000 ‘v""\'——'

25000

15-31 0kt 1-15Nov  16-30 Nov  1-15Dec  16-31Dec  1-15Jan
2014 2014 2014 2014 2014 2015

== After reconstr. ==g==Before reconsir.
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