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Abstract—Heating,  Ventilating  and Air Conditioning 

(HVAC) system in pharmaceutical industries must  be  

integrated with an efficient  control  and  automation  

scheme  to  maintain standard atmospheric 

parameters   under   any   load   conditions.   A  data 

driven   approach  to  construct   the  relationship  

between  input and  output  parameters using data  

collected from certain  manu- facturing/packaging 

areas  of pharmaceutical industries.  Several methods  

used  for  HVAC  control  are  identified  from  

literature survey  and  review.  Traditionally  HVAC  

or  BMS  is  controlled by  DDC  which  is  dedicated   

and  closed  control   system  with proprietary  

hardware and  software   packages.   It  is  proposed 

to use PAC  (Programmable Automation  Controller)   

along  with SCADA  (Supervisory   Control   and   Data   

Acquisition   System) and  HMI  (Human  Machine  

Interface; a  dedicated display  with embedded  

features)  in  which  the  logic will be  developed  using 

IEC  standard  PLC  languages  like  LD,  FBD,  SFC  

and  ST.  In this  project  control  strategy  is proposed  

for  the  HVAC  system for  maintaining 

pharmaceutical industries indoor  environment to  

control  Relative  Humidity   (R.H.%),  temperature, 

Standard Cubic  Feet  per  Minute  (SCFM)  

/differential  pressure  with  high energy efficiency. 

Keywords-PAC; SCADA; HVAC; HMI, SCFM. 

 

I. INTRODUCTION 

Heating, Ventilating, and Air Conditioning (HVAC) 

equip- ment perform heating and/or cooling for 

residential, commer- cial or industrial buildings. 

The HVAC system may also be responsible for 

providing fresh outdoor air to dilute interior 

airborne contaminants such as odors from 

occupants, volatile Organic Compounds (VOCs) 

emitted from interior furnishings, chemicals used 

for cleaning, etc. A properly designed system will  

provide  a  comfortable indoor  environment  year  

round when properly maintained. 

Ventilating or Ventilation is the process of 

”changing” or replacing air in any space to provide 

high indoor air quality which  involves  temperature  

control,  oxygen  replenishment, and removal of 

moisture, odors, smoke, heat, dust, airborne 

bacteria, and carbon dioxide. Ventilation removes 

unpleasant smells and excessive moisture, 

introduces outside air, keeps interior  building  air  

circulating, and  prevents  stagnation of the interior 

air. HVAC systems provide occupants thermal 

comfort, dehumidification, and good air quality. 

The achieve- ment of digital technology in the 

measurement and control field, over the last few 

years, is also to have brought the use of 

Programmable Automation Controller to HVAC 

systems. Improved HVAC control may reduce its 

energy consumption without  additional costs.  The  

supervisory control  has  been widely applied to 

improve the efficiency of HVAC systems. The 

goal of HVAC design in buildings is to provide 

comfort to the occupants for varying heating and 

cooling loads with the time of the day and of the 

year. HVAC system must be complemented with an 

efficient control scheme to maintain comfort  under  

any  load  conditions  for  selection  of  proper PC 

based SCS with proper floor planning in 

Pharmaceutical Industry.  Efficient control  will  

also  reduce  energy  use  by keeping the process 

variables (temperature, pressure, etc.) to their set 

points [1]. The research papers and practical 

studies on energy efficiency and energy saving 

potentials on HVAC systems  at  the  buildings  are  

presented  [1].  Suitable  drives for HVAC make 

maintaining a buildings comfort zone easy, quick 

and energy efficient. The drives control the speed 

of pump, fan and compressor motors used in air 

handling units, cooling towers, chillers and other 

HVAC applications. They help reduce the HVAC 

systems energy consumption by up to 70 percent, 

and quite often have payback times of less than a 

year [3]. 
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The paper is therefore organized as follows: After 

this intro- ductory section, the methodology of 

pharmaceutical industry energy audit system is 

explained; the objectives of the system is  given in 

III, the description of cooling systems, heating 

system  and  VRV/VRF  of  HVAC  are  presented  

in  Section IV.  System  evolution  of  HVAC  

systems  are  discussed  in Section V. Data 

acquisition and analysis on HVAC systems are 

presented in Section VI with practical projects. And 

finally, the advantages and significant results of the 

study are summarized in conclusions. 

 

II. METHODOLOGY 

A flow diagram of the methodology developed in 

pharma- cutical industry is presented in Figure 1. A 

detailed energy audit was carried out to reach 

regular and reliable records of energy use to 

understand and control the energy management 

strategy. These records helped to identify changes 

in energy costs  and  consumption. The  second 

step  of  the  study  was to identify an action plan to 

redefine the control parameters based on revisions 

of HVAC control strategies. Actual control 

strategies and parameters were analyzed and 

fluctuations from the set points were directly related 

to customers comfort. New strategies  such as 

optimum startstop, Free Outside Cooling (FOC) 

and night purge are implemented to AHUs as the 

third step [1]. 

 

Fig. 1.    Methodology of the Pharmaceutical 

Industry 

1) Energy  audit  study:The  energy audit 

study is the definition part of methodology. It 

consists of the defi- nition of the building 

information, building character- istics, annual 

electric energy use and cost, lightning information 

HVAC system, building HVAC energy, 

consumption breakdown, building energy, 

consump- tion breakdown. 

2) Action   plan:The   action  plan  is  

nothing  but  the Planning of actual HVAC control 

strategies analysed, actual HVAC control 

parameters analysed, survey on historical, database 

(trend curves), highest deviation from, the set 

points determined, occupancy and start- stop, times 

analysed, scope of the case study, deter- mined. 

3) Site study:The  site study Implements 

case study on Pharmaceutical industries, control 

strategies of AHU system is re-defined, control 

parameters tuned such as PID controller. 

4) Comparison:The site study Implements 

case study on Pharmaceutical industries, control 

strategies of AHU system is re-defined, control 

parameters tuned such as PID controller. 

 

III. OBJECTIVES 

The aim of this study is to reduce energy 

consumption by defining new HVAC control 

strategies and tuning control loops in a 

pharmaceutical industry, which equipped with 

building management system (BMS). An energy 

audit was first con- ducted according to Energy 

Audit Workbook of Washington State University 

Energy Program to determine the end-user 

breakdown of the energy consumption. The 

outcome of this audit was then used to identify the 

largest energy consumers, which  are  usually  also  

the  areas  with  the  largest  energy saving 

potential. Next, the performance of the building 

was evaluated and compared with the yardsticks, 

while normalised performance indices were 

calculated to better measure the efficiency of the 

building. Finally, an action plan was identified to 

implement the HVAC control strategies for 

reducing energy consumption and the results 

obtained were compared with the proceeding values 

[1]. In earlier scenario DDC controller was popular 

in HVAC application. DDC may work well in BMS 

applications for commercial building like big 

shopping Malls, Commercial complex etc. 

Application where you have some sort of industrial 

HVAC with extra high reliability require- ments, 

DDC are not suitable. For a closely monitored and 

regulated industry like Pharmaceutical, DDC cannot 

do justice to its stringent regulatory requirement 

and due to incessantly breakdown, availability of 

support; huge maintenance cost customer was 

looking for new solution in HVAC application. 

After doing detail study and discussion with 
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customer on his requirement, we have designed 

PAC based solution for HVAC application with the 

following objectives. 

1) Centralize Controlling, management, and 

supervision of electrical and mechanical systems 

of each AHU in pharmaceutical industry, example 

of AHU cooling and heating system. 

2) Integration of pharmaceutical Plant with 

PAC/DCS System and standard practice with proven 

technology. 

3) Activation of each AHU as per schedule 

like day, week, month, and year. 

4) Reuse of documents / test templates / 

test reports (module testing) / program, and 

graphical visualiza- tion of Historian as well as real 

time data like status, set and actual temperature, 

historical trends, alarm, R.H%. etc. 

5) Diagnostic of the network. 

6) Integration of utility areas like energy, 

water. 

 

IV. SYSTEM INTEGRATION 

An air conditioner cools and dehumidifies the air 

as is passes  over a  cold coil surface. The indoor 

coil is an air- to-liquid  heat  exchanger  with  

rows  of  tubes  that  pass  the liquid through the 

coil. Finned surfaces connected to these tubes  

increase the  overall  surface  area  of  the  cold  

surface thereby increasing the heat transfer 

characteristics between the air passing over the coil 

and liquid passing through the coil. The type of 

liquid used depends on the system selected. The 

 

Fig. 2.    Classification of HVAC System 

HVAC systems are generally classified as shown 

in Figure 2. In  this paper, the central HVAC 

system with water cooled chiller is focused 

instead of the individual systems. Central system is 

an air conditioning system which uses a series of 

equipment to distribute cooling media to exchange 

heat and supply conditioned air from one point to 

more than one room [1]. Heating function is 

commonly used in cold climates and cooling 

function is commonly used in warm and hot 

climates. Air conditioning means removal of the 

indoor air humidity. In the medium or large 

buildings, Central HVAC systems are generally 

used but in the small buildings such as houses, 

direct expansion system such as split system is 

preferred [1]. The window air conditioner is 

typically installed in a window or custom opening 

in a wall. The Window AC can only cool small 

areas and are not intended to provide cooling to 

multiple rooms or zones. These air conditioners are 

manufactured as cool only or can provide both 

cooling and heating. An optional damper in the unit 

can provide fresh outdoor air if necessary. 

A. Cooling Systems 

Different cooling systems are used in 

pharmaceutical indus- try and other sectors. One 

of the cooling systems in HVACs is shown in 

Figure3. Direct-Expansion (DX) equipment uses 

refrigerant as the liquid medium. Chilled-Water 

(CW) can also be used as a liquid medium. When 

the required temperature of a chilled water system 

is near the freezing point of water, freeze  

protection is  added in  the  form  of  glycols or  

salts. Regardless of the liquid medium used, the 

liquid is delivered to the cooling coil at a cold 

temperature. In the case of direct expansion 

equipment, the air passing over the indoor cooling 

coil heats the cold liquid refrigerant. 

 

Fig. 3.    Schematic View of a Cooling system 
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Fig. 4.    Operation Principle of the Chiller 

 

The operation principle of the cooling system is 

very sim- ple. The cooled water in the cooling 

tower is sent to condenser by  condenser water  

pump.  Condenser converts  steam  with water  

which  is  named  as  vapour  to  liquid.  

Compressor is used  to  pump this  liquid in  the  

cooling system. It  is  also used to compress gases 

refrigerant in the system. Compressor can be 

though the heart of the cooling system. The vapour 

is pumped from evaporator by compressor. The 

main functions of a compressor are to pump 

refrigerant through the cooling system and to 

compress gaseous refrigerant in the system. Air 

handling unit is used for air conditioning. The main 

component of cooling system is chiller that mainly 

consists of evaporator, condenser, compressor and 

expansion valves as shown in the following Fig. 

4[1]. Heating the refrigerant causes boiling and 

transforms the refrigerant from a cold liquid to a 

warm gas. This warm gas (or vapor) is pumped 

from the cooling coil to the compressor through a 

copper tube (suction line to the compressor) where 

the warm gas is compressed. In some cases, an 

accumulator is placed between the cooling coil and 

the com- pressor to capture unused liquid 

refrigerant and ensures that only vapor enters the 

compressor. The compression process increases the 

pressure of the refrigerant vapor and significantly 

increases the temperature of the vapor. The 

compressor pumps the vapor through another heat 

exchanger (outdoor condenser) where  heat  is  

rejected  and  the  hot  gas  is  condensed to  a 

warm high pressure liquid. This warm high pressure 

liquid is pumped through a smaller copper tube 

(liquid line) to a filter (or filter/dryer) and then on 

to an expansion device where the high pressure 

liquid is reduced to a cold, low pressure liquid. The 

cold liquid enters the indoor cooling coil and the 

process repeats. 

As indoor temperatures increase, the sensible 

capacity also increases. Similarly, as indoor relative 

humidity increases the latent capacity of the AC 

system increases. Manufacturers of AC equipment 

typically provide a performance map of specific 

equipment to show how total, sensible, and latent 

capacity change with changing indoor and outdoor 

temperatures and humidity. 

B. Heating system 

The main component of heating system is a boiler. 

Boiler is a member of the pressure vessel class and 

can be classified into different types, according to 

temperature, pressure, capacity, burner types etc. 

Boilers are designed to produce steam and obtain  

hot  water.  Produced  hot  water  in  a  boiler  is  

sent inside the buildings via steam pipelines. 

Collectors are used to prevent the pressure losses at 

the pipelines. Collector points are placed in the 

buildings and deliver the steam to other locations. In 

a boiler, combustion affects the energy efficient 

directly. Burner is a device which is used to perform 

combustion. There are some important factors such 

as supplied air, mixing of air and fuel, temperature 

and combustion time for combustion. 

A typical heating system is shown in Figure 6. 

Approximately 40% of all commercial buildings 

use boilers for space heating. 65% of the boilers are 

gas fired, 28% of the boilers are oil fired and 7% of 

the boilers are electric. The combustion efficiency 

of older boilers is generally between 65% and 75%, 

although inefficient boilers can have efficiencies 

between 40% and 60%. Energy efficient gas-fired 

or oil-fired boiler systems can have efficiencies 

between 85% and 95% [1]. Heat pumps are similar 

to cooling only systems with one exception. A 

special valve in the refrigeration piping allows the 

refrigeration cycle to be operated in reverse. A 

cooling only system cools the indoor air and 

rejects heat to the outdoors. A heat pump can also 

cool the indoor air, but when the valve is 

reversed, the indoor air is heated. 
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Fig. 5.    Heat Exchanger System 

 

 

Fig. 6.    Schematic of Heating system 

 

C. VRV/VRF System 

A split system is a combination of an indoor air 

handling unit and an outdoor condensing unit. The 

indoor air handling unit contains a supply air fan 

and an air-to-refrigerant heat exchanger (or cooling 

coil), and the expansion device. The outdoor 

condensing unit consists of a compressor and a 

condenser coil. Split-systems are typically found in 

residential or  small  commercial  buildings.  These  

systems  have  the highest Energy Efficiency 

Rating (EER) of all the available AC  systems.  

Manufacturers  are  required  to  take  the  EER 

rating a step further and provide a Seasonal Energy 

Efficiency Rating (SEER) for use by consumers. 

SEER ratings vary widely  and  range  from  10  to  

20.  If  heating  is  required, an  alternate method 

of  heating the interior of  the building must be 

used, usually in the form of electric or gas 

heating. A multi-split air conditioning system, 

featuring variable refrigerant flow (VRF) or 

variable refrigerant volume (VRV) technology,  so  

called the multi-split VRF/VRV system can 

satisfy the same needs for the installation of several 

individual units  with  less  space,  because this  

system  consists of  one outdoor and multiple 

indoor units. 

Basically, a multi-split VRF system is a refrigerant 

system figure 7 that varies the refrigerant flow 

rate with the help of the variable speed compressor 

and the electronic expansion valves located in each 

indoor unit to match the space cooling or heating 

load in order to maintain the zone air temperature 

at the indoor set temperature. Packaged Terminal 

Heat Pumps 

 

Fig. 7.    Schematic View of VRF/VRV Sysetm 

(PTHP)  are  similar  to  a  window-mounted  air  

conditioner. These units are typically installed in a 

sleeve passing through the outdoor wall of an AHU. 

PTHPs are completely self contained and require 

only an electrical connection in addition to the 

opening in the building shell. They use the 

outdoor air as the heat source in winter and as a heat 

sink in summer. They also can provide ventilation 

air. Flexibility and lower installed cost are the 

primary advantages of the PTHP. 

 

V. SYSTEM EVOLUTION 

Traditionally HVAC or BMS is controlled by 

DDC and PLC which are dedicated and closed 

control system with proprietary hardware and 

software packages [1]. 

A. HVAC system using Direct Digital 

Control(DDC)  

The Direct Digital Control (DDC)-based controller 

used a numerical calculation, which was based on 

the energy balance between the air side and the 

refrigerant side in the cooling coil, using a number 

of real-time measured system operating parameters, 

and a dead-band for avoiding unstable compressor 

operation [3]. DDC is used to control the HVAC 

devices such as valves, fans, pumps using 
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processors using software to perform the control 

logic. Such systems receive analog and digital 

inputs from the sensors and devices installed in the 

HVAC  system and, according to  the control 

logic, provide analog or digital outputs to control 

the HVAC system devices require individual 

controllers for each Air Handling Unit (AHU). 

B. HVAC using Programmable Logic 

Controllers(PLC) 

The Programmable Logic Controllers (PLCs) are 

generally used as industrial controllers, which are 

used ladder logic (LD) Sequential flow Chart (SFC), 

Functional Block Diagram (FBD) etc. for 

programming. Ladder logic is a graphical 

programming language. PLC is flexible from a 

programming point of view because of which we 

can reprogram the logic onsite by control experts, 

where as it is difficult to do with DDC, especially 

for complex processes control and other 

applications. Therefore, PLC  has flexibility and 

scalability and has great ability to interface with 

all types of Human Machine Interface (HMI) and 

Supervisory data and Acquisition System 

(SCADA). The PLC, being a digital controller, 

shares common terms with typical PCs, like CPU, 

memory, bus and expansion. But there are  two  

aspects  of  the  PLC  that  differentiate  them  

from standard computers. The first one is that its 

hardware must be sturdy enough to survive a 

rugged industrial atmosphere. The second is that its 

software must be real time [4]. 

C. HVAC using Programmable Automation 

Controllers (PAC) 

The  Programmable  Automation  Controllers  

(PACs)  are the advanced version of PLCs, which 

has more than two processors for increase the speed 

of operation. PAC is a modern industrial  controller 

which  is  used  for  various  applications such as 

process control, motion control etc. It is proposed 

to  For redundancy, if any PAC in ring topology 

fails it converts in bus topology and it 

communicate by other direction. There is one PAC 

for every Air Handling Unit. In steady-state 

operation, the PID controller regulates the value of 

the output so as to drive the error (e) to zero. A 

measure of the error is given by the difference 

between the set point (the desired operating point) 

and the process variable (the actual operating point) 

[5]. The principle of PID control is based upon the 

following equation which expresses use PAC 

(Programmable Automation Controller) along with 

SCADA (Supervisory Control and Data Acquisition 

System) and HMI (Human Machine Interface; a 

dedicated display with 

 

embedded features) in which the logic will be 

developed using IEC 61131-3 standard PLC 

languages like LD, FBD, SFC and ST. In this 

project control strategy is proposed for the HVAC 

system for maintaining pharmaceutical industries 

indoor envi- ronment to control Relative Humidity 

(R.H.%), temperature, Standard Cubic Feet per 

Minute (SCFM) /differential pressure with high 

energy efficiency. 

 

VI. DATA ACQUISITION AND 

ANALYSIS 

A programmable Automation controller (PAC) was 

pro- grammed to control the operation of the AHU 

system and the SCADA system was installed to 

monitor and control of the process. SCADA 

systems are widely used in industry. SCADA not 

only includes monitoring and control but also 

refers to the collective suit of power network 

applications and to the generation  control  and  

scheduling  application.  The  remote area 

applications supported by SCADA provides user 

the opportunity to experience a SCADA system, and 

its application to the management, supervision, and 

control of electrical and mechanical systems [5]. 

A. Interfacing of HVAC System with PAC and 

SCADA 

The  CompactLogix  5370  L2  controllers  

combine  the power of the Logix architecture with 

the flexibility of POINT I/O in a compact and 

affordable package. Ideal for small to mid-size  

machines, these  controllers provide  customers 

the benefits of  Integrated  Architecture in  a  lower  

cost  system. Selection of a CompactLogix System 

is based on the points such as a controller with 

sufficient memory, a memory card, networks, 

communication interfaces, associated cables and 

network equipment, a CompactLogix 5370 L2 

controller for integrated motion on an EtherNet/IP 

network, drives, motors, and  accessories (use  the  

Motion  Analyzer tool),  additional Local I/O 

Modules 1734 point I/O or 1769 Compact I/O 
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modules and Programming software selection is 

optional so we selects RSLogix 5000 software in 

which the logic will be developed using IEC 

61131-3 standard PLC languages like LD, FBD, 

SFC and ST with FT- view Studio for monitoring 

and controlling AHU operation as well as reporting 

and graphical  visualization  of  real  time  data  .  

The  type  of PAC   chosen  here  is  1769  

L24ER-QB1B  CompactLogix 

5370  L2  Controllers. It  contains isolated 

Ethernet port  for communication. 

A SCADA screen is shown in the figure 8 is 

control system architecture.  There  are  13  PACs  

connected  using  ETAP. PACs are connected in 

ring topology with the help of ETAP (EtherNet/IP 

TAP), where ETAP works as a master for PAC. 

Where M(t) is the output as a function of time t 

and kp ,ki ,kd are proportional, integral and 

derivative constants, respectively, and e is the error. 

The PID for controller is programmed into the 

Programmable Automation Controller using ladder 

logic programming. Necessary inputs will be 

obtained from tem- perature transmitter, pressure 

transmitter, humidity transmitter and smoke 

detector. The input leads are connected at the input 

section of the PAC which bears specific address for 

each and every input terminal and so is the case 

with output too. These addresses are noted down 

for sake of ladder logic. 

 

Fig. 8.    Architecture of HVAC Plant Control 

System 

 

B. AHU in HVAC system 

A SCADA screen of HVAC in pharmaceutical 

industry is shown in the following figure which is 

specifically designed for the AHU system. To 

monitor AHU on a computer screen a graphical 

representation of the process is provide data 

security. Each  and every  object which is created 

in SCADA screen tagged using a tag name, which 

is created in the tag database. Tag Database 

maintains a list of tags which are configured with an 

address. These addresses are continuously 

monitored by the SCADA to provide a continuous 

real time representation of the process. 

In the figure 9 we have PID (Proportional Integral 

Derivative controller) pop-ups, from which we 

have the access to give the set point and other 

parameter settings like PID tuning too as it can be 

seen in the above screen. For example for the 

chilled water valve the PID tuning and CV 

(Control Value), SP (Set Point) can be given as 

per requirement which makes it easy to control 

.Also we can see the trends for the SP, PV (Process 

Value) and CV and compare accordingly. 

Summary of the utility parameters plays a very 

crucial role. When any of the controller in the 

system fails an alarm is generated using sounders 

and a flashing indication on the PC, and also a 

log of the respective alarm is generated with day 

date and time. Alarm is also generated when a 

certain value is above the threshold so that the 

whole system is not disturbed and can individually 

seen into it. We can view all the alarms occurred 

in the system by clicking on to the respective AHU. 

It can be visually seen in the SCADA screen below. 

As a part of fire alarm system smoke detectors 

have been mounted on return air duct, so in case if 

a smoke detector detects the smoke the respective 

AHU will be shut down so no harm to the system 

is been done, after the AHU. 

 

 

Fig. 9.    AHU System in Pharmaceutical Industry 
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C. Parameter Description 

The schematic view of the experimental setup is 

shown in the SCADA screen in figure 10. Photos of 

the real devices used in the experimental setup are 

used, rather than diagrammatic representations, to 

make the setup more understandable. The operator 

can access information about the devices shown 

on the screen by pressing the information buttons 

found on the device. This is a very appropriate and 

comprehensive SCADA visual made for the ease 

of the operator to have a look at all at once. 

Various parameters are seen onto this and could 

be set. 

1) Supply air temperature 

2) Return air temperature 

3) Return air Relative Humidity (%) 

4) Cold and Hot Water valve feedback 

5) Fresh and Bleed air damper feedback 

6) Supply and Return fire damper feedback 

7) AHU ON/OFF status 

8) Air Flow Sensor 

9) CO2 Sensor 

10) Access door status 

The SCADA visualisation explains or helps the 

operator to set the scale configuration of each 

and every AHU system at once and not waste time 

in doing it. Fire alarm system architecture of all 

AHU is shown in figure 11. Smoke detectors are 

mounted on return air duct of each AHU. When 

particular smoke detector detects the smoke that 

AHU will be off and sounders will be sounding on 

service floor to know all peoples. 

All  dampers  including  fire dampers  are  closed.  

When  fire is occurred on service floor, we can 

inform the all peoples by pressing manual call 

Points which are fitted at different locations on 

service floor. 

 

Fig. 10.    Parameters Description of AHU 

 

Fig. 11.    Fire Alarm System Architecture 

D. Historical trends and Scheduling for AHU 

The  historical  trends  of  all  the  pressure,  

temperature, smoke and humidity devices are 

generated, from which we can determine the 

system stability through and refer to it in the 

times of error or troubleshoot. Optimum startstop 

strategy calculates  a lead-time to turn on or off 

heating or cooling equipment  at  the  optimum  

time  to  bring  temperatures  to proper level at the 

time of occupancy. This strategy adjusts AHU stop 

time to allow stored energy to maintain the comfort 

level to the end of the occupancy period. One of the 

most advantageous factors used for the 

optimization of energy is scheduling of the AHU 

system. 

Free Outside Cooling (FOC) can be enabled by the 

operator from the SCADA. FOC controls the 

cooling of the space by utilising the low 

temperature at night. Significantly less cooling 

energy  needs to be expended for and AHU are 

pre-cooled in this way. Night purge strategy 

enables to use cool, night 

 

Fig. 12.    Historical Trends of RH (%) for AHU 
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Fig.  13. Historical Trends of Chilled Water 

Command  Feedback (%) for AHU 

outdoor air  to  pre-cool the  building  before the  

mechanical cooling is turned on. To activate the 

strategy, cooling season shall  be  selected and 

Return air temperature must be  over 240 C. 

Also, outside air dew point shall be less than 

160 C. Optimum  startstop strategies  are  very  

important because it saves  energy independent to 

the seasonal changes. We can schedule the start 

and stop of the AHU the various parameters such as 

temperature, pressure of the certain device day 

wise, so when there is no need for the AHU to 

run it would shut off and help with conserving a 

part of energy. The scheduling table can be seen in 

the Figure14. 

 

VII. ADVANTAGES 

1) PACs  have  a  faster  scan  time  than  

any  PLC  and DDC based system because PAC has 

more than two processors for operation. 

2) Programming function in PACs is more 

numerous, powerful and allow for sophisticated 

control. 

3) Maintenance and replacement can be 

done individu- ally because the strategies are easier 

as they are of industrial grade quality. 

4) PAC system scale and provide for 

redundant config- uration for maximum uptime. 

5) Troubleshooting can be done individual 

like if one controller fails whole system is not 

shutdown because of ring topology is used. 

 

Fig. 14.    AHU scheduling 

6) PAC has no need to additional training to 

operator while DDC has minimal tools allowing 

End User to Self-Support Installed Base. 

7) PACs has Open Communication protocol 

like Eth- erNet/IP, USB as per ODVA standards 

while DDC has Proprietary communication 

protocol need to write drivers to do communication 

with other controller. 

8) There are numerous scopes for 

programming the PAC 

like LD, SFC, ST and FBD. 

9) The scaling and redundancy can be well 

provided and is uptime. 

 

VIII. CONCLUSION 

There is an interest of pharmaceutical companies 

who have PACs for water/HVAC systems or who 

need a high degree of flexibility / accuracy / testing. 

The exploit of modern materials and equipment 

with the implementation of PAC and SCADA, 

produce  modern  HVAC  systems that  belong  to  

the  energy saving systems, and protect the 

environment. Therefore, with this system we have 

successfully developed: 

1) Centralize Controlling, management, and 

supervision of electrical and mechanical systems of 

each AHU in pharmaceutical industry. 

2) Integration of pharmaceutical Plant with 

PAC/DCS System and standard practice with proven 

technology. 

3) Activation of each AHU in 

pharmaceutical plant as per schedule of day, week, 
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month, and year. 

4) Reuse of documents / test templates / 

test reports (module testing) / program, and 

graphical visualiza- tion of Historian as well as real 

time data like status, set and actual temperature, 

historical trends, alarm, R.H. (%) etc. 

5) Diagnostic of network. 

6) Integration of utility areas like energy, 

water. 

A system for monitoring and control provides 

management and visualization of the object and 

display the current value of  significant parameters 

in  the  form  of  appropriate tables and graphics, 

the acquisition of relevant data and archiving, 

statistical data processing, data transfer to 

distributed locations 

in the network, linking with other programs in 

real time and generating various reports. 
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