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Abstract - This paper proposes new strategies for reducing the energy consumption and cost in HVAC systems of Rusafa 
prison in Iraq. It is mainly focused on studying the possibility of rationalization of energy consumption in HVAC system by 
applying computer programs such as HAP program to simulate the Energy Consumption of the Rusafa prison in Iraq for 
patıents and TB (tuberculosis) prisoners, based on a yearly, monthly tests. Both VAV (Variable Air Volume) and CAV 
(Constant Air Volume) mechanisms are applied to demonstrate the effectiveness of our proposed methods and energy 
consumption by using both approaches are analyzed and compared. Simulation Results show that large energy saving is 
obtained by using our proposed method. The two stage cooler system using VAV is contributed to decrease the required energy 
consumption dramatically at a yearly total amount as much as 50% compared with any other system. 
 
Index Terms - HVAC system, energy consumption, CAV, VAV.  

I. INTRODUCTION 
 
Industrial Revolution and modern technology that 
followed the second world war was followed rapidly 
by technology revolutionary in many fields, especially 
in modern education, which has led to designing of 
powerful and effective air conditioning systems that 
access all fields of human lives [1]. These 
developments have also accelerated the paces of 
progress in other fields such as industrial, agricultural 
and households. Air conditioners, which are one of the 
products of Industrial Revolution, have become an 
essential part in manufacturing and architecture areas 
whose functions cannot be neglected. They are 
extremely useful in the areas or countries where 
climate is often very dry and hot. Among these places, 
many Arab regions or countries often have such 
extreme weathers. In order to make people feel more 
comfortable, air conditioners are something that must 
be considered and provided in almost all government 
institutions and private homes in these Arab countries. 
As a result, energy consumption becomes high and 
energy shortage problems occur rapidly constantly [2]. 
Since then scientists in middle east counties have 
begun carrying out various researches on finding ways 
of predicting future energy consumptions as well as 
reducing environmental pollution. 
An HVAC system, which initially gained its name 
from heating, ventilation and air conditioning, is an 
automatic control environment designed to fulfill two 
important tasks. 
 
One is to give the comfort to organisms, principally 
human beings, animals or plants, and the other is to 
correct performance of some manufacturing materials 
or scientific processes. Several important parameters 
related to an HVAC system are purity, movement, 
relative humidity, pressure, dew point, velocity of 

ventilation and temperature. The air pressure must be 
controlled according to the imposed limitations, which 
are given by design specifications based on universal 
standards such as ASHARE, ASTM, AISI, 
IKLIMLENDIRME and ISO [3]. 
 
Research works on HVAC systems are generally 
classified into three groups, experimental works, 
numerical simulations and experimental with 
numerical studies. On experimental method, 
Naganathan et.al [4] worked to reduce the energy cost 
at Deer Ridge Correctional Institution in Madras of 
USA. Since it was the first time evaporative systems 
were used in a prison and to some extent nearly every 
part of the prison was cooled. To increase the system’s 
efficiency and let it perform at target levels. The 
author created a system based on a multi-stage 
evaporative cooling system with heat recovery. In 
addition, the prison design offered the team to further 
increase energy efficiency by modulating the water 
tank and pump system by employing the cooling unit. 
On numerical simulations, [5], [6], [7], [8], [9] 
presented different ways to reduce the energy 
consumption. In these literature works, researches are 
overlapped with this kind of work by using HAP 
program to simulate the results. Among them, [5] 
carried out an air flow analysis based on the CLTD 
(Cooling load temperature difference) method with a 
building type boundary condition. The temperature of 
an object, such as walls, was obtained by resolving the 
heat balance equation, in which the convective and 
radiative heat transfer were integrated. The numerical 
simulations were conducted for room space under the 
cooling condition in which 250 m3/h of conditioned air 
available at temperature of 23 C◦, and the same volume 
of outside dry-bulb at 31 C◦ Gosman [6] studied on 
CFD (Computational Fluid Dynamics) modeling and 
compared the results with data obtained by 
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experiments. The main contribution of his work was to 
find the optimal design of ventilation air conditioning 
system inlets for increasing the efficiency of HVAC 
systems as well as trainers’ skills. Zhu et.al [7] 
simulated a two and three dimensional incompressible 
turbulence of indoor air by a turbulence models. 
To make issues simple, models assume that indoor air 
was incompressible and invariable, having 
steady-state flow and concentration with the basic 
assumption of Boussinesq accession equations. In 
their work, air infiltration was not considered. For the 
disturbance model, which considered the effect of the 
buoyant force, selected a two equation model with a 
High-Reynolds number with little air-supply quantity 
and depressed air velocity in the air-conditioned area. 
Cai et al. [8] have investigated the method of CFD for 
air distribution and comfort in a typical room with cold 
air diffusion. Velocities and temperature areas under 
different conditions were analyzed. Their results 
demonstrated that the air plunge and the air attachment 
were easily generated. Hamilton et al. [9] studied on 
the performance of a normal air conditioner by 
constructing a software program to simulate the 
influence of air conditioning. Their study explained 
that any increase in external dry-bulb temperature 
would lead to an increase in the compressor potential 
and C.O.P(coefficient of performance). Moreover, the 
increased diameter of the capillary tube would lead to 
an increase in the cooling capacity up to a diameter of 
1.32 mm, after which the cooling capacity started to 
decrease. 
On experimental with numerical studies on HVAC 
systems, [10] et al. investigated on the cooling 
capacity and temperature division in a hotel by 
inserting hot air at different levels. Numerical 
solutions for the energy equation and Naiver stokes 

equations were obtained through a semi-implicit 
method for pressure and a joint venture with 
algorithms that have steady, laminar and 
incompressible flow. [11], [12], [13] also studied on 
HVAC system by both experimental and numerical 
methods. 
The rest of this paper is organized as follows: Section 
II gives the background explanation of HAP program 
that is going to be used to carry out our simulation 
design. Section III first presents the general structure 
of Rusafa prison, its data sheet, and then shows the 
simulation results that are obtained by applying both 
CAV and VAV strategies. Conclusion and possible 
future work are given in Section IV. 
 
II. BACKGROUND AND PROBLEM DEFINITION 
 
A. Software Explanation 
For simulation analysis on HVAC systems, a widely 
used software is the Hourly Analysis Program (HAP) 
that was introduced by Carrier Corporation Version 
4.90-2014. This software is selected because it is 
simple, reliable, well known and performs the detailed 
calculation of load requirement as well as energy and 
power simulation all in one software. This program 
also gives detailed hour-by-hour calculation and 
power or energy simulation for any selected periods, 
which is shown in Fig. 1.  The flexibility and wide 
range together with the simplicity of this software 
made it a perfect choice for our case. Fig.2 shows the 
main windows that are used to perform the simulation. 
A. Control Principles for Energy Preservation of 
VAV 
In temperature and ventilation controlling of HVAC 
systems, VAV systems are generally designed 

 

 
Fig. 1: Simulated Space Definition. 
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Fig. 2: Simulated Systems Window. 

 
to supply constant-temperature air at all time. To 
preserve energy in the central plant, supplied air 
temperature can be raised with response to the demand 
from the greatest load (load analyzer control) zone. 
However, as more cool air has thus to be supplied to 
identify a given load, the mechanical cooling energy is 
then kept, may be as an offset by an increase in fan 
energy. Operational efficiency of the equipment 
should be studied closely before implementing the 
temperature reset in cooling only VAV systems, as 
given in Fig. 3.  

 
Fig. 3: VAV Mechanism. 

The outside, return and exhaust air ventilation dampers 
are controlled by the flow air temperature controller to 
provide free cooling as the first stage in the cooling 
sequence, as shown in Fig. 4. When outside air 
temperature is raised to the point that it can no longer 
be used for cooling, an outside air limit (economizer) 
control overrides the discharge controller and moves 
the ventilation dampers to the minimum ventilation 
position. An enthalpy control system, which is shown 
in Fig. 5 can substitute the outside air limit control 
during some weather conditions. 

 
Fig. 4: VAV Section with Dampers. 

 
Fig. 5: VAV Schematic Diagram with an Actuator Controller. 

 
B. VAV Control System 
The most common variable airflow method that is 
used in VAV systems is a closed loop proportional 
with integral (PI) control, by using the pressure 
measured at a selected point in the duct system. 
Generally, the set point is a constant, which is selected 
by designer and confirmed by the balancer during 
system commissioning. If the pressure and flow loops 
are sufficiently decoupled, it gives a solid and stable 
design. Nevertheless, this control strategy is based on 
readings from a single sensor that is assumed to 
represent the pressure available to all VAV boxes. As 
choosing the positions of duct pressure sensors are 
difficult, this fixed pressure design uses more energy 
than necessary even if this method is widely applied. 
Fig. 6 shows a schematic diagram of the VAV control 
system [14]. 
 

 
Fig. 6: Schematic Diagram of VAV Control System [14]. 

Fig. 7 shows the system layout for the VAV control 
system. Reported energy savings, which are monitored 
over weeks or months, have ranged from 30 to 50% of 
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fan energy used by the same system running with a 
constant pressure set point. All these reset designs use 
data from terminal controllers to alter fan operation. 
Most reset strategies apply zone control data to adjust 
the set point of the duct pressure control loop. This 

makes the pressure sensor location less important. In 
many cases, it makes sense most to measure the duct 
pressure near the fan outlet. 
 

 
Fig. 7: VAV Control System Layout [14]. 

 
III. SIMULATION AND RESULTS  

 
In this section, Rusafa prison hall for TB patients is 
investigated and simulated by applying three different 
types of HVAC systems, whose results are compared 
for 6 different cases to find the most energy efficient 
and saving system. Among these three types of HVAC 
systems, two common and widely used ones are Split 
Unit and Package Unit, and the third one is the IDEC 
Indirect Direct Evaporative Cooler using HMX media 
(Heat Mass Exchanger). The third type is the most 
advanced evaporative cooler that can reach 120% of 
the wet bulb temperature, which is very efficient in the 
middle and north parts of Iraq where high and dry 
climate often dominate in Summer. Meanwhile, this 

system also gives 100% fresh air that is perfect for 
many situations and a mandatory for others. The 
disadvantage of this system is that it depends on water, 
and water TDS (Total Dissolved Solids) may affect its 
efficiency and its very expensive comparing with 
other types of HVAC systems. VAV (Variable Air 
Volume) is also used to reduce the energy that is 
required for supplying air to the system.  
 
A. Rusafa Prison 
Fig. 8 is a simulation layout of Cell halls in Rusafa 
prison. It shows the places for the cells and showers. It 
mainly includes two cell halls for 4 people and 1 cell 
hall for 16 people with a total area of 96 square meters.  

 
Fig. 8: Rusafa 3D Simulation Layout. 
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The data sheet for Rusafa prison are also given in Fig 
9. In this data sheet, general information about the 
floor area, average ceiling height, building weight, 
data on Ventilation requirement, internals, walls, 

windows, doors, infiltration are given in detail for 
Rusafa prison. The simulation results are given in 
different figures in Section B that follows. 
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Fig. 9: Data Sheet for Rusafa Prison. 

 
B. Simulation Results 
Fig. 11 and Fig. 12 show the total energy consumption by using 6 different systems (3 for CAV and 3 for VAV) in 
HVAC system for Rusafa prison over a year. The results in both Fig. 11 and Fig. 12 show that the least energy 
consumption is achieved by using 2 stage cooler VAV system, which consumes around 21050 kWh in a year, 
while the most energy consumption is given by Split CAV system, which consumes around 50402 kWh, and for 
2stage CAV, consumes 39070 kWh in a year. 

 
Fig. 11: Energy Consumption (kWh) for Rusafa Over One Year. 
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      HVAC system Total Energy Consumption in kWh for one year 

2 Stage Cooler CAV 39070 
Package CAV 48228 

Split CAV 50402 
2 Stage Cooler VAV 21050 
Package VAV 39186 

Split VAV 42783 
Fig. 12: Energy Consumption (kWh) for Rusafa Over One Year Given in A Table. 

 
Fig. 13 shows the monthly energy consumption by 
using CAV systems (2 Stage Cooler CAV, Package 
CAV and Split CAV) for Rusafa prison. The results 
show that energy consumption is low during the first 
and fourth quarter of the year, which is due to the 
reason that Iraq climate condition in Winter is 
moderate, and sometimes heating is not required at all 
when the internal load is high or when it is crowded. 

On the contrary, the main energy consumption occurs 
in Summer when Iraq has the hottest weather during 
this season. Meanwhile, Fig. 13 also shows that the 
split CAV method has the highest energy consumption 
during the Summer season, while the 2 stage Cooler 
CAV method has the lowest energy consumption 
among these three CAV methods. 

 

 
Fig. 13: Monthly Energy Consumption (kWh) for Rusafa by CAV Systems.

 
Fig. 14 shows the simulation results by using VAV 
methods, which are also be considered in three 
different cases, 2 stage cooler VAV, Package VAV 
and Split VAV. The results show that 2 stage cooler 
VAV again consumes the least energy among three 
VAV methods. Fig. 15 shows the different energy 
consumption for Rusafa prison when a comparison is a 
made between CAV and VAV methods. Table 1 also 
shows the energy consumption by applying split VAV 
method for Rusafa prison in each unit  of every month 
over a year.  

Central 
Unit Clg 

Input

Terminal 
Heating 

Coil Input
Supply Fan Lighting Total

(kWh) (kWh) (kWh) (kWh) (kWh)

January 221 604 218 714 1757

February 323 102 197 645 1267

March 788 0 242 714 1744

April 2073 0 301 691 3065

May 3404 0 389 714 4507

June 4337 0 441 691 5469

July 5238 0 483 714 6435

August 5208 0 475 714 6397

Month

 

Septembe
r 3945 0 410 691 5046

October 2543 0 336 714 3593

November 1051 0 241 691 1983

December 380 208 218 714 1520

Total 29511 914 3951 8407 42783
 

Table 1. Energy Consumption for Split VAV for Rusafa 
 
It is shown that VAV method will reduce the energy 
consumption significantly by applying the 2 Stage 
Cool VAV method while the results given by other 
methods are showing much higher energy 
consumption over a one-year period. Fig. 16 is also 
showing the total cost in $ for Rusafa prison, as 
expected, 2 stage cooler VAV method requires the 
least cost over a year, which also means that 2 stage 
cooler VAV method is the best choice for Rusafa. 
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Fig. 14: Monthly Energy Consumption (kWh) for Rusafa by VAV Systems. 
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Fig. 15: Energy Consumption (kWh) Comparison between CAV and VAV for Rusafa. 

 

 
Fig. 16: Total Energy Cost in $ for Rusafa by different Systems 

 
CONCLUSION and Future Work 
 
In this paper, both CAV and VAV strategies are 
applied to analyze the energy consumption in Rusafa 
prison. These two strategies are also classified further 
into 6 different methods, 3 with CAV strategy and 3 
with VAV strategy respectively. The analysis is made 
for this prison over yearly, monthly bases. Simulation 
results has shown that different methods will give 
different energy consumption. However, it is also 
shown 2 stage cooler VAV methods results the least 
energy consumption among all the methods, which 
also means that under the same conditions, 2 stage 
cooler VAV methods is especially efficient in energy 
saving in Rusafa prison. Future work is also currently 

being carried out on applying some other control 
techniques such as PID, optimal or predictive control 
to VAV control systems to future reduce the energy 
consumption in this prison.                          
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