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 Abstract—  The  heating,  ventilation  and  Air  conditioning energy  consumption  and  operational  costs  and  improved (HVAC) system in Pakistan consumes more than 50% of total equipment  expected  life  [3].  In  past  decades,  various  control energy  utilized  by  the  building  sector.  Due  to  current  energy strategies  has  been  developed  to  ensure  this  [4].  In  current crises  in  Pakistan  there  is  a  need  renewed  focus  on  energy research  work,  our  focus  is  to  optimize  the  energy optimization in building sector. The aim of this research paper consumption  of  a  chiller  plant  for  a  portion  of  a  centralized is  to  reduce  building  HVAC  system  energy  consumption  by HVAC system taken (Chiller plant consist of chillers, boilers, implementing  chiller  plant  management  system  to  control  on Pumps  and  cooling  tower)  by  implementing  chiller  plant electrical  energy  consumption  in  existing  primary  HVAC 

management  system  considering  the  weather  profile  of system  (Chillers,  Pumps,  Boilers  and  Cooling  towers).  The Islamabad. 

Johnsons  control  international  building  automation  protocol has  been  implemented  with  weather  load  profile  of  Pakistan II. 

THE HVAC SYSTEM MODEL DESCRIPTION 

(Islamabad).  The  chiller  plant  management  system  has The  capacity  of  plant  is  6000TR  located  in  Islamabad improved  plant  performance  and  decreased  annual  energy international  airport  serve  main  passenger  terminal  building. 

consumption. The results of implemented modern chiller plant The  package  chiller  and  boiler  Plant  include  the  following management  system  shows  at  least  12.57%  of  energy  saving. 

major equipments. 

It  is  also  observed  that  the  chiller  plant  management  system closely  follow  outdoor  dynamic  weather  profile  and  indoor TABLE I. 

DESCRIPTION OF PRIMARY HVAC SYSTEM 

load profile. 
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sustainability,  efficient  operation  of  building  systems, improved human  comfort  level in  conditioned  space, reduced 
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The return chilled water from the air handling units at main diagram of implemented building management system sensors terminal building is pumped by constant speed primary chilled and  control  wiring  between  the  chiller  plant  components  is water  pumps  to      centrifugal  chillers  and  cooled  to  the shown in figure 3. In the Chiller Plant Management System all designed  chilled  water  temperature.  Heat  is  rejected  by  the the  equipment  interface  is  through  ethernet  TCP/IP  to  the condenser  water  which  is  pumped  by  the  condenser  water others chiller plant control system server located at the Chiller pumps through the cooling towers. The supply chilled water is Plant  room.  The  interface  method  is  BACnet  protocols.  The pumped  to  the  passenger  terminal  building  by  variable  speed Field  Equipment  Controller  (FEC)  is  a  programmable  digital secondary  chilled  water  pumps  via  two  secondary  loop controller that communicates via BACnet Master-Slave/Token distribution-piping  networks  that  is  connected  to  constant Passing  (MS/TP)  protocol  is  connecting  to  each  individual speed  primary  chilled  water  loop  across  the  de-coupler.  Each HVAC system equipment as shown in figure 1 [5].The digital chiller  is  equipped  with  a  microprocessor  control  panel.  The and  analog  input  signals  like  humidity,  temperature CPM  is  communicate  with  the  chiller  panels  through  a 

,equipment  start/stop  status  is  transfer  to  the  chiller  plant hardwire  connection  using  software  interface  (Johnson management system (CPM)  through BACnet communications 

Control). Other equipment such as pumps, cooling towers etc 

protocol .Digital/ Analog outputs from respective controller to is  the  hardwire  connected  with  the  CPM  for  monitoring  and connected  equipment  such  as  motorized  valves,  pumps, control. 

cooling towers and fans command their settings accordingly or to switch devices on and off. The field equipment controller is III.  CONTROL PHILOSOPHY  

combined  with  the  Input/  Output  Module  (IOM)  shown  in The  chiller  plant  is  controlled  as  per  the  total  cooling  load figure  2  which  is  BACnet  Advanced  Application  Controllers requirement as evidenced by the change in return chilled water (B-AACs)  with  integral  RS-485  MS/TP  communications. 

temperature.  The  total  cooling  load  requirement  is  calculated Typically,  input  output  module  (IOM)  are  install  in  two based  on  the  feedback  from  the  supply  chilled  water  header position  (1)  when  installed  on  actuator  or  sensors  bus  of  a flow  transmitter  and  the  temperature  differential  between  the field  equipment  controller  (FEC)  the  IOMs  expand  the  point supply  and  return  primary  chilled  water  heaters.  Chillers  is count  of  these  controllers  (2)  when  installed  on  the  Field added  or  subtracted  based  on  the  feedback  received  from  the Controller  (FC)  bus  as  point  multiplexors,  IOMs  allow  a bypass  de-coupler  flow  transmitter  and  its  flow  direction  & Network  Automation  Engine  (NAE)  or  Network  Control secondary temperature below the set-point. Chillers are being Engine  (NCE)  to  monitor  and  control  supervisory  points added based on the supply chilled water temperature feedback directly. The field equipment controller arrangement in series received from the secondary chilled water header once the set-are shown in figure 5 and serial port connection in figure 5. 

point exceeds. The individual chillers are loaded / unloaded by the  local  chiller  microprocessor  panel  based  on  the  chiller leaving  chilled  water  temperature  set  point.  Similarly, whenever a chiller is started, cooling tower (CT) fan variable frequency  drives  (VFD)  is  enable  and  getting  started.  The temperature  of  cooling  tower  supply  water  to  condenser  is controlled  at  minimum  limit  of  33°C  for  stable  operation  of the chiller. This is accomplished by measuring the temperature of  the  cooling  tower  water  returning  to  condenser  and  using this  as  input  to  a  feedback-control  algorithm  The  VFD  also ramp  up/down  the  fan  speed  of  CT  cells  as  per  feedback command  receive  from  condenser  water  supply  temperature sensor. The CPM minimizes the potential for multiple boilers operating at reduced loads, thereby reducing boiler efficiency. 

 

It  will  also  improve  plant  reliability,  increase  equipment  life Figure 1.   Field Equipment Controller (FEC) 

expectancy and reduce maintenance costs. 

IV.  CHILLER PLANT MANAGEMENT SYSTEM MODEL  

The  chiller  plant  management  (CPM)  is  designed  and implemented  to  minimize  the  combined  electrical  energy consumption of the operating chiller(s), chilled and condenser water  pump(s),  and  cooling  tower  fan(s)  as  constrained  by meeting  the  building  chilled  water  load  and  temperature requirements.  The  CPM  also  minimize  the  potential  for multiple chillers  operating at reduced  loads, thereby  reducing any  peak  demand  charges  caused  by  unnecessary  cycling.  It also  improves  plant  reliability,  increase  equipment  life expectancy  and  reduce  maintenance  costs.  The  schematic Figure 2.   Input/ Output Module (IOM) International Journal of Engineering Works                                                                        Vol. 7, Issue 01, PP. 68-73, January 2020 
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Figure 3.   Schematic Diagram of Implemented chiller plant management system (CPM) International Journal of Engineering Works                                                                        Vol. 7, Issue 01, PP. 68-73, January 2020 
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Figure 4.   Control Logic of Chiller plant management system (CPM)

 

 

Figure 5.   Field Equipment Controller connection detail International Journal of Engineering Works                                                                        Vol. 7, Issue 01, PP. 68-73, January 2020 
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Figure 6.   Real time data logging of implemented CPM system 

 

Figure 7.   Graphic interface of CPM in METASYS Softwar International Journal of Engineering Works                                                                        Vol. 7, Issue 01, PP. 68-73, January 2020 
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V. 

RESULTS AND DISCUSSION 

crucial  for  accurate  calculation  of  budget  and  allow  the building’s owner and managers to take decision of right time. 

Summary of real time data for the energy consumption by existing  chiller  plant  from  Dec  9,  2018  to  Dec  14,  2018 
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Figure 8.   Energy consumption with and without CPM system CONCLUSION 

This  paper  has  presented  practical  implementation  of chiller  plant  management  system  (CPM)  for  automation  of chiller  plant.  Due  to  the  implementation  of  CPM  system Significant  improvement  were  achieved  as  the  total  energy saving  by  the  Chiller  plant  for  the  reference  days  with  CPM 

control  is  101845.5  KWh  (12.57%).The  CPM  system  gives real  time  data  that  are  beneficial  for  buildings  owner facilitation  management  department  providing  information such  as  preventive  maintenance  requirement,  the  energy usage,  and  the  generated  alarm.  The  real  time  data  is  also International Journal of Engineering Works                                                                        Vol. 7, Issue 01, PP. 68-73, January 2020 
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