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§)-0 Introduction
Building Automation System(BAS) &2005¢n 3280005358 320382 sub system
qpe equipment gp: $E service gp:o3  monitor cvS[gEa control ¥S[gE:sE Bde§3[EE: (manage)

c00csaqpe3a0g05 computer $& computer $05:0000gp: 03 226[gde) 0op5es005 § 0pdi00e0m
computer-based system [g6o0p5 Building Management System(BMS) 0pcods cal acp§oopdi

¢ §-o Building automation systems (BAS) & graphic qps

qoSeeadeacdopé control $E automation $05:0p003 26800058 gPipE ©dlulgd
adsgoonfogoopdn Comfort [gbgé convenience [gdq$: efficient [g8$ $¢ effective [30q§ conem
g5 2%:gg0 8505395 $C gboleg8EeS(energy saving) 3203053 saaddgieonjog0025i
3268000928 dffeqest od:gopgp: dFjeq(security)oopboopds BAS il saee3so0pd feature
0069 [g620p5
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§)-0.0 What is Building Automation?

Building automation systems (BAS) 0op5 32680005358 900385 equipment 1 system gps
$C service gp: o3 monitor cod[gEs control cpE[gE: $& 8de§3[eE: ©20pd peigp: Za0R0b
3200g[o0pd computer based system [g&a00u

60058 3268000528 =20dme0gPed pOesEqEpdn3gyp:(automated function) o3
BAS ¢ $05:adedjgC esonfgodeosoopdi smefiel 2p§§0d 2005e00nEa005am (comfortable)
[g0e3:081 energy od:gg c00domesmnt [gEusap§sod cdodq med: mpds o[gptcd cudfgls
(temperature reset) soo8:61 optimal temperature o3¢ 22833c80§ =:o[g B5:002:8E[gE: 020pd
automated function qpsgood BAS oo coSeeonCeu:8Eaondi odeeonlgodgypoopd BAS opé
0§e[gd doCaop) standard feature gps [g8e30005

A Metasys - Microsoft Internet Explorer B =1 ES)

Johnson Medical Center
All'temns Normal

Graphic "Focus |

----- EL Calendart
- N2 Trunkt
E-E@ UNTI
—2_| FParameters
-] Discharge Setpc
@0 Mades
|1:_| Mixed Air Setpoir
@-(] Economizer Sefy
#-(C] Damper Setpoin
E-C]  Cooling Valve
£ Static Pressure !
#-C]  SupplyFan Selp
2= Analog Inputs
@ zr
0AT
AT
DAT
RAT
- 5-5P
=~ Binary Outputs
LW src
W cwLeoP
LW eMOeCL
-] Binary Inputs
- Analog Outputs
=-(] Graphics
L@ AHUNItE
@ Johnson Medical Cente
=-  Programming

L= <l
< Y |

il monday*
Tuesday
‘Wednesday

Thursday
Al Friday
Al saturday

i Sunday

16 AHUnit 1

Normal

Gr C"Focus

= Do on- ==

0060000

s |f |

~

¢ §- Building Automation Systems (BAS) @l screen Q

Office building qps shopping center gpa 030000gp:  ©20p50320p5  commercial
32680005353 (building)qps [gB[o300051 Commercial building gpsei Building Automation System
g€ ool o[gpl:cd8Eq(flexibility)o? 3¢ =280o ogjo0pdi Motion detector gps dlo€aopd
automatic lighting control function gpss¢ intelligent security system qpsa0pd BAS @il oosepseoo
32805323 C:qps [gdo0pdi

005g ockigp: $& 005§ =0pbeqpiogE  process control  CROCigp: 320305
Programmable Logic Controller (PLC) gps0? 3203q[o300050
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BAS el so[g:6000 326005000:60p) 329/05gPied
(») Cost-effectiveness/saving energy
(®) Communication via bus systems and networks
(o) Comfort and convenience §§

(20)  Flexibility o3 [g®a0p5u

§.0. ) Building Automation $& Building Control o3ei ogofgp:qedyp:

:268000520932038:§  automated  function gpssaclopE:  elpqepdadagi€  “Building
Automation” $& “Building Control” soalopC:odom  sa8anconiq) 6[gplc86edi ddedlumg
5692005 09p820602¢ [gdoopdur coleoopdi

a3eo05 Association of German Engineers 33861 2005¢0bgj0d20q) building automation
BoopSen 3680005280098 service system g3z 03E0m[gEs(measurement)  control
c0[gC:5¢ 8oes(manage)[gt: 0o0pd cpdesigp:a’d computer gpig¢ [gipdeo[gt:ot [gdoopdn o
328005 eudlggod(definition)saq  building control 095 building  automation  e30503E
ogpodaopdi Function 320:03:03  300360gpadeopbood cvda3eogl: [gdaopdi BAS o
commercial building qps§ odlofgd oobs0&[oz0005

FIRE u LIGHTING

Functionality “a‘{(ﬂ‘ Schedules

checks Occupancy Sensing

Detector service

Fire, Life, Safety PEOPLE MOVERS
Breakdown

Maintenance

Eﬁ;rs Traffic Performance

Integration \?O%N;UTE')'CAHONS
oice/Video/Data

Access [Hl—— o

Doors 24/7 Monitoring

Buildings m Breakdown

Occupancy Plant Tuning

Conditioned Monitoring
Car Park Utilisation

Feed Forward

ENERGY ﬁ

Utility Monitoring - HVAC _ .

(Elec/Water/Gas/Qil) Alr_—Handllng Unit

Tenant Building Boilers

Air/Water | | IF:’umps.

Heat — - - ans

Lighting —_ Wi—= Energy Control
QQ e — Variable Air Volume

Back-up Generation
Air Quality

$ §-0 BAS $& 900506652005 system gpig& v6ee0oE§E005 function gps
Building automation system 20p5 building &l B:e005(brain) $¢ opaopbi Component gps
Hlopropt soqCqi: :[gfeacpEeondagude(communication)aopd BAS &l ofelgd c3sabeom

3280 20g05[gdoopdi Bapdeomn 00509050 (communication)e§d [God$aopd system oode
o[gb6SES 0begC:Bail control system gpia3copds monitor cpd[gEes¢ control oSS ©[gdSE
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326800053588 system gz s90:0d:09 computer 0oodeo¢ operate cp68E205n Operator
oB30dem: eongogpd (monitor)eo:§EaopSi Component gp:sE device gps 30:00: 5500008 $C
3200000065[036005c0p5: 00d9 $E 00d9 information gp: =a[g&3acRESCRLS(exchange)§E20p51
Efficient [gbgo effective [90gno1 3268000520860 function qp:sC  process gp: 30300203
§058005002:00p9 80050905000:2005 system 0o6905: [gdaopS

BAS 03¢ 3268000535820038: system gp: 3aqCsqiCs Boopdd 3algp: 39680005 31§
system gps $& coordinate cpd[gEssE connect cY[gE: 020503 CloCoopSi System gp: 0od95E
o069 communicate cpS8E $p5: adespSe§oopdi
(0) DDC $¢& building control component gps ¥oodsoé sooda305(communicate)gEs

(J) Special DDC 9300pdb central DDC 900680¢ s0059905(communicate)[gEs
() BAS work station $& safgp: system & computer gpse s0053305(communicate)[gEso3

GBS

Distributed BAS gpsop¢
(0) Primary field panel(s) qp:
(J) Direct Digital Controller(DDC) qps vpesloogd intelligent controller qpss& panel gp: dlo€

[032005

Direct Digital Controller(DDC) qpsoopd standalone control system qpzc393 cpbesoné
£E[B mafgp: device gpist so0dogud(communication) §E2005 networking capabilities §oopd
Operator [gdecoqi€aopd pgSloregod(instruction)qp:eacdEs a3wupod control program gps3a03E:s
eantqod cu8Eeam programming capabilities copS:§oopdi ojopadean architecture og€ DDC
acd: & network 20038:§ node gp: sIadiel  so0da305ee:(communication)od 86083

(manage)8&2005 communication module dlo€oo5u

BAS &l 326[gd cpdesonaod(basic task) qpod 6320053l 22038: F[gr:8aoabi
(on) Data acquisition and processing
(®) Control

(o) Communication and information management §§
(20) Diagnostic functions o3 [gdoopd

32000501 pdeaotyEd(task)gpio’ caongod§Easanogod 6e005dl component gps
835620051
(o») Sensors and transducers
(®) Actuators and control devices
(o) Direct digital controllers (standalone or networked)
(o) Digital communication system
(c) Terminal devices (PDU, keyboard, etc.) §§

(0) Software o3 [g6205
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User
Interface

Building Automation

D%i

Centrifugal

Chiller Power Fan Systems
Boilers (Johnson Control,  Surgical Suites Fume Hood
(Honeywell (YorkTalk) Cutler Hammer N2 Direct) (Johnson Control, (Phoenix
Y {(Modbus) N2 Direct) N2 Direct)
Burner Control
Integrator) P i] ?
‘ Absorption Generators Fire Alarm l.ip?htin_g
- Chiller Caterpillar {Edwards {MICI:O'ItE
Pumping & VFDs (YorkTalk) (Modbus) Hardwire) N2 Direct)
ABB
N2 Direct

9
Building automation system o0pS subsystem gp: 0069giC:BadcopS: oodadsonpSs
[g8e30EedIEs0p5ie0:00001 ada8edICiopbieulgtad “Integration”cp&0005 vresl aopbi voe§Ee05
BAS system 0069632:00503¢ §8Ea00d service gp: 98600ra5 sub system gpzo? es30503E eedly

ooosoaéu

(o) Electrical power supply system

(J) UPS, regulated power supplies, and power conditioning equipment
(p) Standby/emergency power supply system

(g) Ventilation and air-conditioning system

(§) Primary and emergency lighting system

(©) Passenger and goods lifts/elevators

(Q) Fire alarm and protection systems

(®) Noxious fume detection systems(e.g. in chemical plants)

(@) Access control, intruder alarm and security systems

(00) Waste disposal and sewerage systems §§

(00) Domestic hot and cold water supply systems, water treatment plant etc... 0362005

§)-0.p Benefit of Building Automation System
32680005358 3EQE(building owner)gp: q§§Ea0pd saofpeoyaigpien
« Higher rental value (s298:¢2:0 qpaqps §8E20051)
» Flexibility on change of building use (¢5epa? 3208§2003 a[gpE:cd8Ea05 )
* Service 00698 03 AB0de) egEoIEDEE0RN
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Facilities manager qp: §§$€2005 sa0freorpagpied
e Central or remote control and monitoring of building operations
« Efficient use of building resources and services
« High productivity
» Rapid alarm indication and fault diagnosis
¢ Good plant schematics and documentation
e Low operating cost
¢ Reducing energy costs
¢ Reducing operational manpower costs
¢ Reduced maintenance costs & downtime
e Increased safety $¢

« Increased security o3 [gdoopSn
3268000520803 ¢2:q8:a5:80p(building tenant/occupants)gp: §§$E2005 saofpeoppqpien

» Effective monitoring and targeting of energy consumption.
¢ Good control of internal comfort conditions

« Possibility of individual room control

e Increased staff productivity

» Improved plant reliability and life

o Effective response to HVAC-related complaints

Summary of Infometrics Benefits
(0) Reduced energy consumption and energy cost
(y) Prioritization of equipment maintenance
() Reduced downtime caused by mechanical equipment failure
(g) Improved facility operations
(§) Ongoing commissioning of mechanical systems and control systems
(6)  Reduced risk of indoor air quality problems
(Q) Identification of profitable mechanical retrofit opportunities
(®) Improved occupant comfort
(@) Knowledge of facility energy consumption patterns and trends
(o0) Integration with information technology systems

§)-J Building Automation System Architecture

§)-J-° Configuration

BAS system gp:o3 sp5:ea§pqelg¢ oopdesonndlogeamelopé Architecture soqjeqjs R[gp:
[0300p51 06 3a§pdElg configure cpdlogaopdi Functional hierarchy o c8abq) layer gps 39[gd
2005005030005

Building Automation system (BAS) hardware 20p5 microprocessor o3 socgde)
o0pdeeoadoonoopd(microprocessor-based)  controller gp:od  hierarchical configuration [g&
006e0€[32005
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Building Automation system (BAS) architecture o€ dlo€ 2a8m sacg(level) od:sen
(on) Management-level processors o%ecr;oﬁ Management level controllers

(9)  System-level processors a3ewod Automation-level controllers &
(0)  Field-level processors a3ewr05 Zone-level controllers o3 [gdoopdi

Web Browser

Management
Level

BACnet/Internet IP

Automation
Layer
Level

AN

> Field Layer
Level

|
Switch

Sensor Y.

¢ §-¢) Building Automation System (BAS) architecture & 2800 sacgo(level) adsdje

BACnet OPCUA server
client

@

~ BACnet/IP
network

Management
level

Automation
level

BACnet
controllers

Field
devices

Field level

O

<';> 9-@ Building Automation system (BAS) architecture &l 328 0(level) a?:c,ﬂl:

32000592005 building automation system 00690RE dlo€ecp§oopd configuration o3
eed|goonoopdi [gddeomag§aood BAS system [gde$320305 workstation qpsi controller gp: $&
field device qpgo Jlo&[: $p5:3apqElg¢ §ode005 (connect) conzaopd

Building Automation System 02696 configuration o3 eedjgoonsaopdi $05033[gd cudlg
conifgls om[gdffr wodeogopl  oobd0053qpieaon  workstation s controller  gpasC
[gseom device gp:ad dds§pqje(different architecture) [§& sacpon0y §ods005000:§E 2005
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3(9-9) $€ 0(9-6)20p5 Application controller 1 building level controller $& BAS workstation
00000 level 2%:§js 930005 layer adeje [§& 0opSea0n0d conto0pd Johnson Controls BAS Network
Architecture 0009 [§900001 65[g32005 level od:§r a3ewrod layer od:§g oopSeeonnd
cons00pdl 93ead 34,6000 BAS Network architecture qpsogE sacelzacolgp: $& sa0p5qp:
eop8logeon

(0) Management application 230005 operator workstation

() Supervisory controller &

() Local controller a3ewr05 DDC controller o3 [gdaopdi

Field control stationsi network control station §§ central management station oooé level
adedjp 930005 layer ad:§jfgEopds 0opdee0a8Ea00I

< Ethernet TCP/IP p Office Automation
Local Area Network

Dpaw ator
Nork Station (OWS)

Operator Workstation

s Building Automation
% Local Area Network > 1

Supervisory Controller

Direct Digital Controller (DDC)

% % % % DDC Controller
& "' ) Sensors & Actuators

Field Devices F\E|d Devices
$ §-q Johnson controls BAS architecture 00696 3acgn(level) adsdje

Web browser Server Workstation Workstation

Management
level

~

LON to BACnet router/gateway  Automation level controllers

| I I integrator
Field bus: Lonworks/BACnet/Proprietar :
| | Operator | / /Rtopdetary Third party

| Ethernet / IP
. 5
Third party

Automation
level

— .. terminal I I I I.systems
o B Bt = Field Ievel controllers
E = &8 =B & @ _ '
- LON controllers --i A - jﬁ #E2 controller
_E | Room
Plant controls controls
[ |;-i

. . ﬂ ma . ACIUEItD[S @ a

Sensors  Room controls Chiller Sensors and valves Fan coils VAV box

 §-o Johnson controls BAS architecture codgci sacgn(level) od:qjs
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6320059(§-0)0p¢ [goonsaopd BAS 2005 level coosdjfgEoopd: oopbeeonnd con§Eaopdi
20§)|,6000 BAS gpsope field level o3 field controller level & field controller level upg) 0066 Jfeps
0008005
(»)  Management Level
®) Integration Level
(0)  Field Controller Level $&

(@)  Application Level o3 [g62005

Operator
ManagementLevel u Workstation
—)
Ethernetor IP LAN

Integration Level R°”‘eﬁ | Gateway
»

MSTP LAN

i

Proprietary LAN

Sis=i= N ¥
DDC Controller

Proprietary DDC Controllers
o =0 = e QL aa
Application Level % Y )

BACnet-enabled Applications & other apps
6 9 Level coos§jg¢ oopbesonodaononpd BAS architecture

Field Controller Level

BAS system o3¢ 226s0005m330038:q system gps sanid: §odsoodqs Information
Technology (IT) 03 20%:gjo0n:00p51 Bes005> management level § computer oodadse sasd:0?
aB8:q) 60020005

System qp: 00695C0009 :[g83200S information gp: 6osda00d qpSe§iod automation
level § [gjopS&oopSu Control functiongpsa? process cpdq$eacg0d automated system 00930385
component gpsi device gps 82e08e0¢ a300p0d 30gPA30d Fopds(organize) cozapSi 820005d
Oqp2opE BAS 00696 architecture sagj§j:od eodlgoonzoopdi

Field device qpsgn sensor gqpsi VSD gpsi actuator gpasC valve gps [g8[o300p5 Value §&
Actuator qpzaop5 flow rate qpso? regulate cooq§ 520305 saad3g[o0pdH VSD qp:ad Gudome
[45552(speed)o? control cpde§3a0305 2a0ddg00RdH

§-J-J Field-Level Controllers

Field-level controller gp:og€ sensor qpsé device qp:od 0305805 §odsood(direct
connection)q$sa0305 port gp: Al§oopdn Field-level controller & memory saedlogE o36se0p5:
00080009 program qp:zacdEs control action gpsod 6eonEgod(execute)ew:aodi
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o8:00§ controller o6§j(stand-alone manner)gé 680oEQaS§E0SH 0o0E:  aged
Foodgp: oapudgS(exchange  information)ssog05 field-level controller gqpso? system level
controller $§¢ management controller gpsg¢ network [gdeeng §odsooSoooopd Field-Level
controller qp:og€ setup [gopdes $& adjustment [gpOq§esac05 Portable Operator's Terminal
(POT) o3 =paddgoopdn POT §odsondq§ controller o€ port Al§aopdi Chillers 1 boilers 1 air

compressor | generator 02009 equipment qps o3¢ self-contained field-level controller dlo€aopS

§)-J-9 System-Level Controllers
System-level controllerqpzaopS field-level controllergpzoon processing capacity deomEdogoopdi

PERIPHERAL D_ PC OR
MANAGEMENT-LEVEL DEVICES D— MINICOMPUTER

PROCESSORS
| ] ETHERNET LAN
OPERATIONS-LEVEL PC TYPE 'D PERIPHERAL D‘ PC TYPE
PROCESSORS COMPUTER _D DEVICES D_ COMPUTER
| | [ |
SYSTEM-LEVEL |- - T = = TO
CONTROLLERS | mc F | McC MC ES sensors | MC F | MC MC [ L SENSORS
- - AND = - AND
ACTUATORS ACTUATORS
ZONE-LEVEL
CONTROLLERS - -
AND INTELLIGENT —1 mc F —mc F
SENSORS AND - C
ACTUATORS (T}
SENSOR - TO - o
mMc E  SENSORs ) SENSORS
— - Pre — MC | AND
! ! ACTUATORS " | ACTUATORS
o1 vMc — vmc E
ACTUATOR B B

¢ §-00 Honeywell BAS system architecture

System-level controller & cpSc&sgpsed

(o0) Databases gp: 03§:0384g8: (maintenance)

(9) Operational information qps ece0nE:s 936:00004gEs

(0) Field-level controller qps & operation gp:03 coordinate cpd[ges $&

(0) Field-level controller ¢p:$¢ management processor 3a[o3r203E 900599056 (communication)
aeolelyesant ceontgodeuigts 03gdoopdi

System-level controller ¢ data gp: management-level processor &893 upload cpS[gts $¢
management-level processor ¢ application program qp: system-level controller aSofé download
c0d[g8: 0303 communication bus ©ode0¢ [gap&aopbi Communication bus qo53ea05 system-
level controller 20p5 stand-alone mode [§& 80050005¢) CRSCSigP:ad GsorEgndesSEaopd

BAS &l sub-systems [gdeoon fire 1 security 1 HVAC 1 EMS 0200503 =5[g§3ac08
0 s (integration)o) system-level controller 3390¢ 0|0q00001  powd fire alarm
050009(qé Eap€ [giowd P
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system o300p0d security system o 3ag0530005qP:a0pS system-level controller o3 Gepad§
[Bee5005 ACMV system ai field-level controller a898 eepadognieooopd

User Interface E:gl Management

| Supervisory Bus | Application

IT Interface
Supervisory
Control
Field Bus
Local I ' Control
Control Application
@E

Boiler  Chiller Fan Light
<’3 §-00 Johnson Controls Building Automation System(BAS) architecture

Distributed
User Interface WiFi _1 Application Servers
TCP/IP =l 'l
E ™
Automation - .l b
i |
Engines A i l s
ND MSTP - VAV
BACnet
Under floor air

!F ,J )| : J _____
" . | ;:'" i
ok .

. Fan Coils
Package units
Field Controllers

 §-0_ Johnson Controls Metasys system & wireless network 0od9 & architecture [g620p5u

Chiller

§)-J-G Management Level 530up05 Management Processor
Management level a300pod management processor o0pS BAS hierarchy o3¢

eolm[gads [g6o0pdn System 00b9adisE sub system gps s2:di03 038:q)6(control)8Ea0pS
8oe§3(manage) §Co0pSn Operator 20pS  management Level § workstation 1 server | Web
browser qpoo6s0¢ 8260009 information upd&aopdi 32680005358 0d9d:0? (0356005
2008 control cp68&a0p5i 3285 co:§Eaopdi

3268000920858 20056382005 3agi053C0dGPE 30:0d:03 pesooEgEs(data collection):
038:00054gE:(data storage) 1 historical data qps process cO[gEs 02050303 management Level

o3¢ [qiepdoogdn
5-11



HVAC Control and Building Automation Systems eomio0d038,

083262005 report gpzod [gEs0€ [gpersoopdi System oodpadezan: programming cpo[gEs 1
sequence cpd[gés 1 limit qp: 20050od[gEs set point gps copdeogl: 005 RSeigpiad
management level $ [giopSoopdi [gfgE 08§:0864gE: cwOCSigpz(maintenance management) |
scheduling cpd[gCs $& system oodoadsel cd[§iees(security)sé 2005a3E2005 vOCSigp: o3copds
management level 0p€ [gjcpSo005n

Wireless Network
Extended Enterprise
IT Environment
Internet
Browser ﬂ Ethernet E l | If Application
+ and Data
Wireless Server

Access Point
Wireless

. Wireless I
Building Controller

Field Bus

Field Controllers Field Bus
o VAV

j
Commissioning N _ " h:‘i:reless
Laptop Tablet PC P vy =

<°3 §-09 Johnson Controls wireless network

One-to-One
Receiver

Net
.. Sensor

Wireless Many-to-One
Sensors Receiver

= 5§

Sensordata rﬁe’i‘_—
communications =
4
/_'-"‘-\ o
Ethernet

®._ : | kot
.@) : . S, ﬁ One-to-onewireless
= 1@ Q) : sensingoption

Many-to-onewireless
sensingoption

A
: y
: ®

BACHet Wired sensing option

c} §-0p Many-to-one room temperature sensing §§ One-to-one room temperature sensing

Management level o3¢ 3a[gpseoon subsystemgps(multi-vendor systems)od software (g€ sacgod
ooy integrate cp68Ea0pSi Integration 832005 0o60I:0054gbeENE 6AIE:0pSgE:d Bcd
a0pSi Internet technology 03:0005cnge[opE 3260:006656pe G54) 2003§003 Bdo&3 §Eapd
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Operator workstation 20p5 management level 53¢ 32800036000 32805323E: [gdoopd
Operator workstations i function qPE 9?
(o) Graphics operator interface
(J) Generation of reports
(p) Storage of historical data (operator transactions 1 alarmsi trendi point history and run time
totalisation) $&
() Back up storage of database o [g620p5u

Operator Dedicated Special System

Workstation (DSS, e.g. elevator) Facility
Management
System
~ []

Management =
Level 4 =
pe——\ ]

"

Management Network
_ [—
E— Server Station/ —
=== Supervisory Gontroller &= :El
WAN tunnel to
remote subsystem
Automation Network
- |
O]
Automation I==1| oDC stations/ —
== i ' e
Level Unit Controllers DSS (e.g. fire =
alarm panel) T L
Field Netwark Direct
| connection

Field Level ? X® ?:Q\E q]@

{) §)-0§) Building Automation- Three-level functional hierarchy

00656e0503E management level 20p5 stand-alone PC oodadzom [§98E00d soeog[ge
so§eogodoopd(sophisticated) SCADA o300pod sonongpigé oopSesonndoonoopd 8&E:(server-
based design)§jzcopSs (468005

Printers 1 plotters 1 video displays 1 touch screens displays | keyboard 1 mouse oooé I/0
device qp:a0pb management level 0Edlo&aopbi Field level § point gp:eda3 2288e0dgE: (issuing
commands) $& egomgp: comEiunlgls(data requesting) 0o0pd cwSciqp:od management level
03¢ wEABE eeonEgndaopdi

Management-level processor gp:o0pd  g&3aCadgq(energy  usage)  copSLAGE
opSoqo§od(operating costs) s& alarm activity generating report 0005 869839 (management)
$C 20058382005 39I0H3C0AGP? 9esorEgEs(collection) 986:0p54gE: (stores) & historical
data gqp:03 [gip[gEsoC[gEs (processes) cpSesiqpiad eeonCgndeusoopdi odsa(qé handling alarms
executing applications programs $& handling daily activities ©20p5 coScSiqpicopds cpdesont
60200001
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Management-level processor qpsooé sequences I limits 1 set points | times 1 system §<§
field-level controller gp:@i parameter c[gpEgs qod[gEs 0205 system programming coScegps
eaon8god00pdi Management level ogC sofgpseoon vendor gpie system gpio? sacgubooop
integrate  p68Eo0pdn  Management-level og€ system oodocdiel  cOeqe(security) [gfgé
038208626 qpdcsgps(Maintenance management and scheduling)$¢ alarm notification o3gqps

[g10968E 05

Building Performance

Control Monitoring Control Monitoring Control Monitoring
Minimize Decision Total Decision N/A Optimize
Energy Support Building Support Availability
Cost Response
Administrative Administrative
Documentation Documentation
~— _

Roles of a BMS in Maximizing Building Performance

¢ §-06 Building performance

BAS o3& dloCoopd layer qp: $& 20056882005 protocol gpisé standard gp:od eodlg
cons00pdi Building Management System 20p5 3360mE:00: building performance q§jg$sac05
energy 1 operation $& maintenance cpbeagpioz05 control cpdgEs $& monitoring cpd[gEs oYyt

32600005330[gI00d ewdlgaon:aodi

Global
stralegies

Centralized
manual

Cost
! allocation

Manage-

ment level Control computer

Automation
and Control

Comfort
Economy
Security
Safety

Primary control
functions

Control and regulation Building control
components

¢ §-00 Hierarchical structure of building control systems

Access
Control

Intrusion
Alarms

Manitoring Fault
detection

=
l)
fg)?@
OOG
<;> §-0q BAS overview
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6.9 Building Automation System &il 22¢(gd cpbeeoaEqjadqp:(Baisc Function)

Building Automation System & basic function QP2
(on) Alarm detection/management
(®) Scheduling
(o) Trends (short-term storage) and historical data (long-term storage)
(o) Totalization
(c) Optimal start $&
(0) Custom control applications o3 [g620p5u

§)-9-0 BAS Trend logging

Trend logging 20p5 2203§000d parameter gpsei 00§8:qpea? [3pd0c34$ (intervals
of time)a005¢0dg) record cpdgEgdaopdn Temperatures | flow rates 1 electrical power $& cooling
demand 02005 parameter gp: 00§8:0005 Fa6e 030000 agdgPgbeaelopE trend logging
c0660p§o0pdi Recording cpdopd 3a§§ea038:mom (interval)oopd 0068500 0] $6§0§ 3203
200569058E20p51 Record cp&aon00pd 630004P:0d “Trend Data” vpesl capdoodi

1600

1400

1200

1000

Power demand (kW)
o o
s g
(=] (=3

AN

,| Maximum power demand for the hui\dingl
/

[N

[

\

|

\

S,

C

Cooling load (RT)

800

700

600

500

400

300

200

100

f\{")'/- Meorning pull-down load

: N

L EE S L EEE S LESIES S AP SO S P
& A A N 3 O 0 P H O DO HOHHH0
SNty e RGP P @.’9.@.@5 m@&b\_\&\_\@&mfpm@ﬂ;pbgh'pﬁq%rb STASh TS

Time

¢ §-0@ Trend data of building power demand

Time

:2e2gpegqs (trouble shooting) $& g&:328eg0m8E005 3ag8sac0digps(energy saving
opportunities) gpegq$esecg0d trend logging apEoo:0005 3agI0d3cLAEP:0? 32034g 8 Ea00I

0(§-0R)20p5 BAS ¢ 0005090020009 trend data [gdoopSn so[gEed: power demand 2005
$$059550§(8 a.m.) $& (00)$0§(10 a.m)safogropd [gdedl3o0d sescncdmadel salgEad:
cooling load 20p5c0pS: $505650§(8 a.m.)sC (00)$0§(10 a.m)safogrort  [gdedl $o05i
032905 $090503 322%dqie] 22[gCsd: power demand $05:e330EE0m power demand 820305
0q008e0582:00% GaqRsP5:e3ME [gIapd8Ea0pdn Chiller plant o 8sb3a505:cdd [Bewtdgt:
[s& power demand cogpspSiesant [gjrpd§Eaopd

Trend parameter gp:ei 00&3:qp:0d record cpdes3a005 memory esep 832620001
Analog trend gpzoopd digital trend qpzcooS 3¢) memory 3260l03€ G5epGnuraopdi Non-linear

analog trends (such as thermistors) 680 220305 033260005 memory csepoopd linear analog
trends (such as 4 to 20mA sensors) 0005 $dso Sgp:oopdn Parameter ood90d trend cRoQS
2005600508050gi€ (enable cpSq€) module © memory GsePsa§|,03 ©udaoiELzEdN
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19.5 4

<‘a
(
§
%
>

054

150 -8
3]

100 n [l_\ l[\ -

5,0_

N P P P g P o o
USMIR SHROS oS o P o af® o o o o o
Q;\’\\ \".‘J\ \‘:)\ \"lﬂ \9\ \\’\\ o \’5\ \6\ -ﬂ" %\\‘3\ Q,\q'\\ %ﬂ,'b\ Q’\qﬁ)\ﬂ' q:\\ rr_‘b\ eb’\\
B Consumption - Current Period —— Demand - Current Period —— Cooling Degree Days - Curre. ..
B Consumption - Previous Year Demand - Previous Year Cooling Degree Days - Previ...

¢ §-Jo Trend

Memory Storage

agl6edencham:  godeomod(power failure)aqi€ trend esoogp: 8d:g:  ogrscB8epd
:odeopéadeadd trend esomgps 20p5 volatile RAM edlogé 986:e0p5: conseoonelopé
[g020p51 RAM 2005 battery $& §ods00d econseon Function block gp:aopS controller @i non-
volatile RAM a3l og€ 038:e005:000:00001

Firmware $& module driver 030005 controller & Flash memory edlop¢ §esfooopdi
poen controller § 1Mb Flash memory $& 1Mb RAM §oopSedagi€ module driver $& firmware
032005 1Mb Flash memory edlopE§mq: GFBs $& trend esomgp:aopd 1Mb RAM edl§

0300051 RAM 61l 006805006630003 300ddgjgSeviaonzanpdn saadigigCedoopd esepowanangd
module driver &l sogoSsa00: 3260l 03€ o055

Operator Workstation

GX-9100 Software

Comm Port

RS 232 T\I.etworked DD(;s NCU/RPU

RS 485 Convertor

DX 9100 XT /XP 9100
(;) §-J° Johnson Control BAS Network Architecture

§)-9- Data Analysis and Report Generation

3268000520858000538 005 data g3 9esorEigEs(collection)oopd BAS system &l
codes(function) 0od9gdo000n Data qpesan:ads00pd saadio8eon information 22(gda3 cepades
320905 processing cpoqs 332600001 A3 information gp:o? analysis cpde amaq€ report
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2[g698 cepodo0pdi 32680005358$E 20058E2005 report o3¢ energy consumption/equipment

failure $& alarm o03dlo&aopSn 00dgie5 click COS§[E 3203§a0pd report gpsgo cpodeu:8E[gEso0pd
BAS system @il 330:000j05(g620051

Seven Essential Reports

(o) Big Picture Energy (normalized use and consumption)

(J) Consumption (details by energy type)

(p) Production (including efficiency of production)

(G) Electrical Energy (usage, peak demand, reactive power, power factor)
(§) Energy Cost (easy to configure overview)

(6) Equipment Runtime (hourly, including number of starts/stops)

(Q) Load Profile (demand profile by day)

Other standard reports may be:
(on) All point summary
(®) Alarm summary
(o) Disabled Points Log
(v0) Single System Summary (single AHU or single chiller)
(c) Controller Status Summary
(o) Applications Summary

6220053 summary gp:o3copds BAS © 000560:8Ea0pd

(0) Point summary (G) Lockout summary
(y) Alarm summary (§) Off-line summary
(p) Limits summary (©) Override summary

Applications Summary

(0) Alarm detection/management (§) Optimal start

(J) Scheduling () Custom control applications
() Trend logs/Trend Summaries (@) Demand limit / load rolling
(g) Totalization (o) Tailored Summaries

BMS software ¢ system report gqp:go? [g€eo€eu:8€a0pdi eudlg(display) co:8€aoSi
Print coobeos8Co0pdn Data gpso? point status [gdcopdicomEs oo&ds(value) gps 33[gd
copdieomEs coadop(archive) 8Eo0pdi

§)-9-p Totalization
Fan qpa pump qpssé building equipment gps $08§ediE: opSqieents§:0005 (runtime)od
238qs 832600051 o80oon AB equipment 250305 0CengPepd [gfgEadsiadigad [grpd§e
c8%opdi eenCGeoopd §o§ellCs(runtime)s od:§o0pd gdimatownangp: sps00delgod eedlts
conigb:od  totalization pboopd  wpesloopdn g8l ©pdgadiaopSad  BeSaaogadaopds
totalization co6q§ 3005
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Totalization o3:§j §oopdu
(o) Analog — calculates consumption from flow
(J) Runtime — counts elapsed time in a specified condition

() Event — counts number of occurrences

§)-9.G Scheduling

Equipment qp:  ocwaligls(starting) oBewnod  qOsaegCs(stopping)  ©20503ggp:
:20deagpod [gopde§eacgod scheduling feature o 3203g8Eo0pdn §rgCaod(weekdays) §gdod
(Saturdays and Sundays)$& [g§008:08§:805q05(holidays) sanscdsmacgod aodsben(one year
calendar) equipment gp: cenC:q$i §OqS sagjSavm: [girpdaon§Eanpbi

83260000 8l :FE0S ewl:EEls 0cdoopd =dl qodqt: qOs:8E[gEelopE
gE:aCod:a0d eaqpg$Ea0dn Builiding ¢ cooling load c8325qi0503 c30dq) chiller $& AHU
qpod 00d0ds{8s 00bd: 32908e0¢ oS aogE cedE:8E000

0§, comme[gIesqpop  =o§|,6o0  equipment gpod  [30ewnigl:  9Bewpod
650050qeenCglyC saeemnndmadici performance SeomE:8Eo0pbn pows office building §

oos8iones $505038 chiller $& AHU qp2o? eunliesoqeaqs saspbicudeong) eentieno§oodi
3200056[opEadeadd 0656558 00s665654PI03¢ 2068000535803 SodaonieamelopElgdoopd

00:00 06:00 12:00 18:00 23:59

Tuesday

"Wednesday*
Thursday
Fricay
Saturday
Suniday

 §-JJ BAS 03¢ copdoozanpd schedule ood9

Scheduling feature 2005 manual timer cood s2addge$ 3¢) agudon[d: Beepadaopdi
Central workstation ¢ 0o6s0& schedule gp: copd[g€s [gE[gEa override cvd[ge: $& qodlge: o}
[gc968Ea0051 Q0§ centeq§ 0ppBaopd equipment gps o3 0o8[JE505 schedule copd&Eo0pdi
0069gIE: copdgsecSeo
Time schedule [§¢ e§o€onq§op¢ (later date and time) 6sonEgr5$§E2005 CwOeSigp:

(o) Start and stop a point

(J) Change alarm limits, warning limits or set point

(p) Lock/unlock point reporting or point control

() Demand limit target setting

(§) Load rolling target setting

(6) Trend point enable/disable for a point

(qQ) Totalization enable/disable for a point

(®) Alarm summary
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§)-9-§ Equipment Interlocks

BAS o€ interlock feature gpscopSiclooopbi Equipment qp:o? sp0e(group) doondglsgé
;opony &gt Bod[gl: o3 [grpb§Eaopdi Equipment gp: oged8e3md | coniageped
m&seoseant(safety) interlock cpbe$ 833600051 Boiler o3 air intake $& feedwater pump o3g¢
eons 2gepudmntieoieant interlock cpdes 832600001

Exhaust fan $& supply fan o303 interlock co6q§ 8020051 Cooking gas valve $&
kitchen exhaust hood o3copd: interlock cw6q§ 83260005 Chiller $E chilled water pumpi
condenser water pump $& cooling tower o3[g¢ interlock p&q§ 332600051

- | .
m = Energy Management Information Software
= Gé b‘l

Users: all access
EMIS via Broswer:
Engineers, operators,
accounting, energy

managers, consultants, l]’ ‘\ &
residents, etc m P

Manual Data Entry
(if necessary): utility
bills, for example

Database

Data Acquisition Device
Performs data collection,
and storage, then transfers
data to web-hosted software
via various communication
options, including cellular,
Ethernet, ete.

Electricity via pulse output ~ Water via pulse output Gas via pulse output

New Electric, water, gas,
Existing Utility Meters or thermal sub-meters

Q 9-Jo Bmoqp:(meters) I data acquisition device §§ energy management software

§)-9.6 Metering
DDCs qp:eil data acquisition capability o3sa03qqe] water consumptioni Power
consumption ©20pd utility qpzadsggs:od a3q§ 8omaad saaddg§Ea0pdi O(g- Jp)oopd energy
management software o3 saad:gjs] Somogps(meters)e 63omEPI? 203eaqPad quRd[gdaRSH
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§-9-Q Monitoring
equipment failure o[gdoC [3jooEq) Besa BAS system oo cpbeos§Eaopbi [gocosn

[9e52005 equipment 8803 cepadeaNt agnigs ©add Besantaro8Eaodi BAS system ¢ (ol
320060006009 (malfunction) equipment gps=acgod alarm gp: deoggE:oopd  monitoring
c00[gE:0E[gbo0pdn alarm & saeqEBig 260 0oopSe) ©pbana833 3qepdad [p3oogs] a0odedd
con:q00pd1 3aeqE3k0pd alarm gp:od SMS Jgla e-mail J[gC:odcopds [grpS8Eo0pdn 9obonss
g6 038:e0p5:q§ print out coS§E0p5N a0p§Eacgs eeodiean alarm qpsgdag€ operator ¢
qoo[gE:B§[Bs c3m600p5qp:0d 6eongod8Ees 320305 visual Bowrdd audible signal gpigé
[4€209632081 Begudesant cpodeuseopdi

§)-9-© Graphic
BAS 006903¢ 6320050 graphic gp: doenp§oopdi

(o) Main screen for each building

(J) Flow diagram for every air handling unit
(p) Flow diagram for chiller system

(G) Fire/security plan for every floor

(§) Plumbing system diagram

(6) Electrical system diagram

(Q) Vertical transportation system diagram
(o) Point history graph for all analog points
(@) Real-time graph for all analog points

¢ §-JG AHU oodad:ei graphic &
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(- J§))0p5 BAS work operator station og¢ [g€qeoo graphic [gdoopSu Chiller water
plant room § equipment gp230:03:03 graphic col0gE Gwd{goon:0pbn vpdo0pd chiller 1 epboopd
pump $¢ ©pdaopd cooling tower of cedCie5200003 Gudlgoopdn ¢ System oodad: & chiller
00bd:q|C:861 operation parameter gps o3c0pd: Ged[goon:aodi

Damper
% Open

]
— 0%
—

50%

i

90%

14,85%

¢ §-J6 VAV Box § damper qpz g&oopdep8EsSs(opening percentage)
§-9-¢ Alarms
Alarm qps 926[03pE:03 32083(00) g€ 326005805 Gudjgoomzoopdi

§)-9-00 Maintenance Scheduling and Inventory Control

Maintenance scheduling §§ inventory control o%:né database management applications
qp: [g8fo300p5n  preventive maintenance schedule gp:o3  [030E[gEeofoondd: database
management  application ~ qp:c3¢] maintenance  personnel 220305  PRS[orgIEdGpP:
00de:§Coopdn  =a8ogpSyps(parts) cpodopfgls  9B6se0pddgls  ©o0pd inventory  control
c5cseqps Ga000dgEdeLdEandi

§)-9-00 Controls
BAS ¢ advanced control programs §§ energy management program qps sgcﬁsooql

eaontgodeos §E20p5
Reporting [gopoq§eecg0d 683053l summary gp:od BAS ¢ giodgit: co:8Eoodi

(o»)  Point summary (vo) Off-line summary

(®)  Alarm summary (c) Disabled summary $&

(0)  Override summary (©) Custom summary o3 [g6205u
§)-9-0 ) Software functions
BAS &i software function qpsed

(0) Configuration () Monitoring

@) Commissioning (§) Commanding §§

(p)  Data archiving (6) System diagnostics o3 [gdoopdi
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§)-9-09 User Access level
BAS 03 access cpgEad saso(level) clisoglgE §laps 20050cb0o0001
Level 1 = View Data

Level 1 access 03620pd user 2005 data qpzo? [03p0§090 [73058E 2051

Level 2 = Command
Level 2 access o3qoopd user 20pS equipment gps cenlqfl qOgS 00000 28§ (command)

60:8E20001

Level 3 = Operator Overrides

Level 3 access o3 qaopd user 20p5 equipment gp: GenliqSi qO0qS =o§8qp:od elpEfgts
setpoint qpso? e[pCigta valve gpisC damper gp:o3 override cpd[gés ©a0pd3ad GeonEgod
§E2005

Level 4 = Database Modification

Level 4 access 0362003 user 20p5 database gqp:0d e[gpE:d8E20051 Modify cp&8Ea051

Level 5 = Database Configuration
Level 5 access 0362003 user 20p5 database configuration co6§Ea0pS

Level 6 = All privileges, including Password Add/Modify
Level 6 access 0362003 user 2005 32[4Cadg6[Gs 03gsmindio? caontgrd8Eaobi
§)-G Question

(o) Explain the difference between building automation and building control.
(J) What is an operational system interface?
() Why are most commercial buildings nowadays equipped with building automation?
(G) Is“Limiting Peak Demand” an energy saving function?
(§) Give examples of energy management functions that can be used in hotel rooms.
(6) What kind of comfort and convenience functions can be implemented in a private
residential building?
(Q) What are the advantages and disadvantages of using standardized bus systems and
(®) Networks in building automation?
-End-
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