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Abstract 

Air conditioning systems have the major amount of energy 

consumption in West Bank, with a poor and expansive amount of energy 

available in West Bank, energy conservation is needed. 

In this research; two air conditioning systems: Variable Refrigerant 

Flow system (VRF) and Air to Water Chiller system were discussed in 

order to select the system the most feasible option. An-Najah Child 

Institute (ANCI) was selected to be the case study.  Initially, the cooling 

load for ANCI was calculated using to be equal to 60 Tons. 

Energy consumption and economic analysis were performed for the 

two system based on accurate design.  The design of air conditioning 

system includes selecting the system parts; indoor units, outdoor units, 

pipes, and pumps based on the cooling load and configuration of the 

building. Actual pricing based on parts quotations from manufacturing and 

procuring companies were made. 

The economic analysis was based on calculating present worth value 

for both air conditioning systems. The present worth value for VRF system 



xvi 

was found to be -158,204 $, while it was equal to -182,654.0 $. For Chiller 

system. The less negative value was for VRF system, in other words, this 

system is more feasible and can save more money energy. 
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Chapter One 

Introduction 

1.1 Energy in West Bank 

Energy is the power of life for many sector such as residential, 

commercial and industrial sectors. In the last few years it was cleared that 

the electricity needs increasing more and more since the population 

increases and the increase of electrical equipment dependency. 

The Palestinian (West Bank) region energy consumption according 

to Palestine central bureau of statistic (PCBS 2005) was estimated to be 

890 GWh/year, and this is relatively low consumption and it is considered 

to be the lowest consumption in the region. [1] 

Energy sector in west bank mostly depends on imported power 

supply, mainly from Israel of about 88% and 3% from Jordan and Egypt. 

As a result; fuel and energy costs considered to be one of the highest in the 

region. [1] 

HVAC systems have the major amount of energy consumption in 

West Bank, according to ( PCBS 2004) ,most of West Bank households 

used electricity as a main source for air conditioning. In the summer of 

2004,'' 80.7% of families use electricity for air conditioning''.  

Expenditure in energy was estimated to be one third of the consumer 

monthly budget in winter and two third of consumer monthly budget in 

summer. [1] 
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Palestinian energy authority (PEA) put many strategies in order to 

sustain these disturbing numbers of energy consumptions. In March 2012 

the cabinet of the Palestinian Authority approved a strategy specific to 

energy efficiency called the national energy efficiency action plan 

(NEEAP). This plan aims at reduce the energy consumption in important 

sectors in Palestine thus reducing the GHG greenhouse gases emissions. 

The main goal and target for this plan is to reach an amount of 384GWh 

cumulative energy electrical savings between 2012 and 2020, thus ramping 

up this amount of saving over the 9 year period in many west bank energy 

sectors such as industrial, buildings, and water pumping. Table (1.1) 

describes the PEA energy saving plan phases. [1] 

Table (1.1): Target energy saving (GWh). [1] 

Sector 
phase I 

2012-2014 

phase II 

2015-2017 

phase III 

2015-2017 

Industrial 5 6 8 

Buildings 38 130 195 

Water pumping 0 1 1 

Total 43 137 204 

PEA energy saving plan targeted all sectors but the potential saving 

not the same of all. Households sector have the best savings potential, on 

the other hand people can't be convinced easily to use energy retrofits and 

make some changes in their homes. Industrial sector may have lower 

potential in energy saving, but unlike the households sector they can 

respond to polices, and retrofits to save energy. Due to the nature of 

industrial and services sector and the high energy consumption compared 

to residential sector any small amount of energy saving will be more 

effective end can save much more energy than residential sector. 
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HVAC sector is the most cost effective technology category relating 

to many studies that PEA made, and relating to figure (1.1) shows the 

national energy savings potential by technology category. 

 
Figure (1.1): National energy savings potential by technology category [1]. 

National energy savings potential by technology, displayed on a 

percent basis in year 2015, all these numbers was forecasted if the 

recommended actions and energy audits in each technology category were 

implemented. It's clear that the most cost-effective major category is 

HVAC systems around of 43%, for example at a marginal cost of 19% of 

the price of the energy consumed, 29GWh equivalent energy could be 

saved per year in the audited facilities primarily by targeting the HVAC, 

lighting, and heat recovery categories of energy efficiency actions. 

Problem statement 

As a conclusion, HVAC systems have the largest amount of energy 

consumption thus the largest amount of energy saving possibilities at the 
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same time when implementing energy saving audits or opportunities within 

the system, structure, and surroundings. In the next chapters more details 

will be discussed about HVAC different systems (Centralized and 

Decentralizes) every system components and contents, every system energy 

consumption and installation. Also the energy saving opportunities within 

each centralized and decentralized air conditioning systems that could save 

the maximum amount of energy including the parts efficiency improvement 

or parts replacing will be discussed. In addition to many retrofits studies 

that may be save energy when conducted to each system. 

The next chapters also include case study that show the differences 

between centralized and decentralized air conditioning systems in a 

selected building (An-Najah child institute -ANCI) ,this study compares 

between two air conditioning systems; Variable refrigerant flow system and 

Air to water chiller system. By using HVAC software design program 

cooling load for the building was calculated. At the end of the study, 

comparison was made between the two different air conditioning systems 

air cooled system and variable refrigerant flow system in order to know 

which one is better and show more potential in energy saving. 

1.2 Heating Ventilation and Air Conditioning Existing Systems at West 

Bank 

Air conditioning systems have many types, each type of them has its 

own properties, specifications, equipment, parts, way of connection, cost 

…etc. 
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In general air conditioning systems can be classified into two 

categories: 

1- Centralized air conditioning systems                                        

2- Decentralized air conditioning systems. 

The first category which is central air conditioning systems; multiple 

spaces can be served and fed from one base location that usually use chilled 

water and distribute air through a wide sheet metal work (ductwork) inside 

spaces to be conditioned. 

In the second category Decentralized air conditioning systems the 

service almost for small spaces or multiple small spaces from bases 

locating within or directly near to the space. Air is cooled directly 

exchanging heat from the refrigerant. Direct expansion (DX) type most 

common used in this category. 

Selection of most suitable air conditioning system depends on many 

parameters such as thermal comfort, building architecture, spaces included, 

performance and energy use, life cycle and cost. Each of these parameters 

has its own influence on the selection such as the thermal comfort that 

gives an indication about the internal environment of the building; whether 

the people are comfortable with the temperature and humidity of the indoor 

air, a number of variables interact with this comfort such as the activity 

level (what are the people doing inside ?). The American Society of 

Heating and Air-Conditioning Engineers (ASHRAE) standard 55-1981 

gives the full description of this thermal comfort. [2] 
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Building Architecture including the purpose of the building, area 

classification, occupancy, type of building structure, materials and 

thickness of walls and roofs, all these can influence the selection of air 

conditioning category. 

Spaces included or the available spaces have a big deal in selecting 

air conditioning category in the way that considerable space is needed for 

mechanical rooms to house or keep air conditioning equipment. 

The most important parameter that influencing our choice is the cost 

and energy use; because each component from our choice must use as low 

energy as possible and still meet the performance requirements. 

Centralized air conditioning contain a closed circle of water begins 

as a chilled water generated from a chiller at one base location and 

distributed to fan coil units (FCU) or air handling units (AHU) located 

within building spaces, then such a fan can forces air to be heat exchange 

with this chilled water to be cooled and transferred through duct work. 

Figure (1.2) shows the main component of central air conditioning, 

as we can see the parts are condenser, evaporator, compressor, cooling 

tower, pumps, and FCU. 



Figure (1.2): Central air conditioning circle. [

Chilled water leaving the evaporator section toward the inlet of the 

FCU to exchange heat with the 

Return water leaves the FCU again to the chiller evaporator to close 

the circuit, the system energized by pump to make sure that the system 

pressurized. Cooled air leaves the FCU to the indoor space through duct 

work ending with a supply diffuser and return grill pull out the air inside by 

return air fan again to the FCU to be cooled again there alone or with 

mixed with fresh air and then cooled with the fresh air.

The condenser inside the chiller connected to a cooling tower, the 

hot water leaves the condenser and forced by a pump toward the cooling 

tower to reject heat there and then back again to the condenser through 

piping system. 

Central system category divided into three main types:

1- Central systems with Constant Air Volume 

8 

 

): Central air conditioning circle. [2] 

Chilled water leaving the evaporator section toward the inlet of the 

FCU to exchange heat with the air supplied by the fan. 

Return water leaves the FCU again to the chiller evaporator to close 

the circuit, the system energized by pump to make sure that the system 

pressurized. Cooled air leaves the FCU to the indoor space through duct 

supply diffuser and return grill pull out the air inside by 

return air fan again to the FCU to be cooled again there alone or with 

mixed with fresh air and then cooled with the fresh air. 

The condenser inside the chiller connected to a cooling tower, the 

ot water leaves the condenser and forced by a pump toward the cooling 

tower to reject heat there and then back again to the condenser through 

Central system category divided into three main types: 

Central systems with Constant Air Volume (CAV) air handling units 

Chilled water leaving the evaporator section toward the inlet of the 

Return water leaves the FCU again to the chiller evaporator to close 

the circuit, the system energized by pump to make sure that the system 

pressurized. Cooled air leaves the FCU to the indoor space through duct 

supply diffuser and return grill pull out the air inside by 

return air fan again to the FCU to be cooled again there alone or with 

The condenser inside the chiller connected to a cooling tower, the 

ot water leaves the condenser and forced by a pump toward the cooling 

tower to reject heat there and then back again to the condenser through 

 

(CAV) air handling units  
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2- Central systems with Variable Air Volume (VAV) air handling units 

3- Central systems with fan coil units (Water systems) 

The difference between these types is that CAV system uses all air 

with constant volume, the VAV uses air also but with variable air volume 

which supplies different zones, and finally the FCU fan coil unit system 

uses all water in piping system with ductless system, the water reaches the 

FCU to make heat exchanging there with air. 

Decentralized air conditioning system do not uses chilled water as an 

intermediate cooling medium. Direct expansion (DX) one of many generic 

names of Decentralized air conditioning systems that directly heat 

exchanging heat with refrigerant type inside cooling coil to deliver cooling 

into single room or spaces rather than building. Individual systems, floor by 

floor systems, unitary systems also commonly names of this category. 

Decentralized systems contains many parts that all assembled into 

package, these parts are cooling coil, refrigerant coils, controllers, fans, 

filters, compressor, and condenser. Heat rejection and cooling happen 

inside this package. 

There are plenty types of Decentralized system such as VRF 

systems, packaged air conditioners, split air conditioning systems, and 

window air conditioner Somehow they have the same principle of work. 

We will focus in VRF air conditioning systems principles and 

specifications in this research. 



10 

VRF air conditioning system (Variable Refrigerant Flow); unique 

system that can serve multiple spaces from an individual basis, it can 

automatically change refrigerant flow depending on the heating/cooling 

load of the building. 

Figure (1.3) shows the main principle and schematic for VRF 

system. First in the outdoor unit a compressor increases the refrigerant 

pressure, then the condenser make the refrigerant reject heat out to reach 

the expansion valve with high pressure liquid, after that the refrigerant 

leaves the expansion valve with low pressure and temperature. VRF system 

come in two system formats, the simple one with two pipes that makes all 

the zones either in cooling or in heating mode. The other type is the heat 

recovery (HR) systems that have three pipes design which gives this system 

the ability to heat some zones and cool others at the same time. All this can 

be done with microprocessor based electronics. [3] 

 

Figure (1.3): VRF air conditioning schematic. [3] 
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1.3 Case study: An-Najah Child Institute (ANCI) 

An-Najah child institute is special place for modern teaching method 

dealing with all the kids talented groups and people with special needs and 

deals based on international scientific standards installed via the clinics that 

provides diagnosis and assessment and rehabilitation services. [4] 

An-Najah child institute located in Nablus city west-south side 

beside An-Najah national university with latitude 32.2o and longitude 35.2o. 

ANCI consists of four floors ground, first, second, and third floor with total 

area of (1600 m2) and 3.5m high for each. 

(First, second, third, and fourth floor drawings are given in Appendix 

12). 

Providing comfort conditions at ANCI building needs suitable air 

conditioning system, so Cooling and heating loads should be considered in 

all floors to set an accurate air conditioning system.  

All necessary data was collected and tabulated in all building floors. 

The ground floor contains 4 clinics rooms, one multisensory room, 

and one intervention room with different areas, the details are listed in table 

(1.2). 
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Table (1.2): Ground floor details at ANCI building 

 
Ground Floor   

Space Area m
2
 Windows Doors 

Clinic Room1 14.6 2 1 

Clinic Room2 15 3 1 

Clinic Room3 12.25 3 1 

Clinic Room4 12.25 1 1 

Multisensory Room 40.4 0 1 

Intervention Room 45.3 4 1 

Waiting Room 28 4 1 

Lobby 4.6 0 0 

First floor contains 3 class rooms, 1 Staff room, 1 Meeting room, 1 

administration room, 1 secretary and waiting area, and 1 Pantry. Every 

space have its own area and details are given in Table (1.3) show below. 

Table (1.3): First floor details at ANCI building 

 
First Floor   

Space Area m
2
 Windows Doors 

Class1 23 4 1 

Class2 26.1 6 1 

Class3 24.6 3 1 

Staff Room 35.4 6 1 

Meeting Room 21.6 3 1 

Administration 17.4 3 1 

Secretary and 
waiting area 

17.5 2 2 

Pantry 4.6 1 1 

Lobby 63 0 0 

Second floor spaces are listed in Table (1.4), Music room, LD room, 

Art room, Library, Resource and service, and Pantry. All these spaces 

contain persons inside. 
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Table (1.4): Second floor details at ANCI building 

 
Second Floor   

Space Area m
2
 Windows Doors 

Music Room 23 4 1 

LD Room 31.9 6 1 

Art Room 31.7 3 1 

Library 20.6 4 1 

Resource and Service 19.4 1 1 

Lobby 63 0 0 

Pantry 4.6 1 1 

Finally third floor that contains meeting room, 4 admin offices, 

research room, and pantry with different areas and details as given in table 

(1.5). 

Table (1.5): Third floor details at ANCI building 

 
Third Floor   

Space Area m
2
 Windows Doors 

Meeting Room 28.4 4 1 

Admin Office1 19.6 1 1 

Admin Office2 17.5 1 1 

Admin Office3 17.5 1 1 

Admin Office4 19.4 1 1 

Research Room 16.3 4 1 

Lobby 63 0 0 

Pantry 4.6 1 1 

1.4 Cooling load 

Cooling load was calculated at ANCI building using HAP 4.6 air 

conditioning design program so that any air conditioning system can be 

evaluated and designed including indoor units, outdoor units, piping 

systems, and pumps. Cooling load variables considered at ANCI building 

are spaces area, space orientation, doors detail, windows detail, partitions 

detail, lighting, people occupancy, and electrical devices. 
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ANCI building was divided into many spaces, every space contain 

one zone or more. Every zone was covered by HAP program as figure (1.4) 

shows. 

Cooling load depends on many variables, so that every zone can be 

unique depends on covered area, number of people inside zone, number 

and areas of windows and doors, orientation of the zone and many other 

variables. 

HAP4.6 assumptions during cooling load calculation: 

-Building weight 341.8 kg/m2 [Med].  

-Latitude = 32.2o, Longitude = 35.2o.   

-Summer design DB Temp = 40 co.  

-Daylight saving = [Yes].  

-Avg ceiling high = 3.5 m 

-People/Activity level = office work  

-Overhead lighting = Free hanging.  

-Door U-Value = 1.7 W/m2.K   

-Wall Assembly: 13mm gypsum plaster + 102mm common brick + 13 mm 

gypsum plaster + Air space  

-Window Assembly/ Glass details: 3mm clear + 3mm clear + Air space. 
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Figure (1.4): HAP 4.6 program parameters.[ Appendix 11] 

After making all zones details and interring them to HAP 4.6, this 

software offer final report that include all details about all desired zones 

and there cooling load beside the final cooling load for ANCI building 

which was 60 TR, and this cooling load will be used in designing each of 

the two air conditioning systems in the next chapters. 

Note: HAP4.6 cooling load calculations final report available at the 

appendix 11. 

1.5 Objectives 

The main objectives of this research: 
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1- comparing between centralized and decentralized air conditioning 

systems in terms of economically, energy consumption, controlling, and 

zoning including chillers and variable refrigerant flow air conditioning 

systems. 

2- Redesigning variable refrigerant flow air conditioning system at    An-

Najah child institute based on cooling load and heating load calculations, 

the design include outdoor units, indoor units, piping system, and duct 

works. 

3- Designing chilled (water to air) system at ANCI based on the same 

cooling and heating loads calculations used in designing VRF air 

conditioning system, this new design contains outdoor units, indoor 

units, piping system, duct work, and necessary pumps. 

4- Calculating the energy consumption of chiller (water to air) and also for 

variable refrigerant flow system. 

5- Calculating the fixed cost and running cost for both air conditioning 

systems chiller (water to air) and variable refrigerant flow. 

6- Comparing between both air conditioning systems chiller (water to air) 

and variable refrigerant flow economically using present worth value. 

Summary 

West bank nowadays suffering from electricity problems. High 

population creates high electrical consumption, this high consumption led 

to Low voltage and high demand of electricity. 
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HVAC systems have the major amount of energy consumption in 

west bank, related to ( PCBS 2004) statistics most of west bank households 

use electricity as a main energy source for air conditioning system. So that 

any conservation on these air conditioning systems will help in decreasing 

the demand of electricity. [1] 

This research contain an important comparison between two local air 

conditioning systems; VRF and air cooled systems. Every system has its 

own properties and components that was selected. 

The comparison will be made to choose the most economic system.  

So that every system will be studied alone then a comparison will be made 

between them based on present worth values. 
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Chapter Two 

Decentralized and Centralized Air Conditioning Syste 

2.1 Decentralized Air Conditioning System Design 

Decentralized systems are more efficient in low to medium 

demanding, it show high efficiency at low rise buildings such as office 

buildings and residences building. It is recommended when initial cost is 

effective for such a project budget. [3] 

These systems provide cooled air to single spaces instead of the 

buildings. With many different market names such as floor by floor 

systems, unitary systems, and individual systems Decentralized system 

designed and manufactured as one package that includes all parts in one 

envelop including fans, filters, cooling coils, refrigerant side, heating 

source, controls, and condenser. Each part within this envelop is assembled 

to provide specific responsibilities and specifications. 

Decentralized systems have many types, and each type has its own 

specifications and design. These types are: 

Window air conditioner 

Split air conditioning systems 

Variable refrigerant flow (VRF) split system 

Packaged air conditioners 
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2.1.1 Window air conditioner 

In window air conditioner type, all components designed and 

manufactured to be inside one envelop namely the condenser, expansion 

valve or coil, evaporator, compressor, and cooling coil all are enclosed 

inside a single box. 

As shown in figure (2.1), this unit box can be direct in a slot in the 

wall or fitted in a window shelf since its flexibility in structure and design. 

 

Figure (2.1): Window air conditioner type assembly. [3] 

This type of decentralized system can serves cooling only where and 

when needed. It is available with capacities varying within a range of about 

0.5 – 3.0 TR. 

2.1.2 Split air conditioning systems 

This type basically has two parts working together to sustain the 

requirement demanding. These two parts are indoor unit and outdoor unit, 
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the indoor unit contains cooling coil, cooling fan, and the evaporator while 

the outdoor unit has the compressor, expansion valve, and the condenser. 

The outdoor unit responsible for providing cooled refrigerant to the 

indoor unit through refrigerant pipes, while the indoor unit responsible for 

heat exchanging between the air and the cooled refrigerant, then supplying 

cooled air to the space. 

As we can see in figure (2.2), outdoor unit and indoor unit connected 

with each other by refrigerant pipe. This pipe distance is critical and 

shouldn’t be more than 30m. 

 

Figure (2.2): Split air conditioner arrangement. [3] 

It is very clear that this type of decentralized system easy to install so 

it gives an engineer that flexibility in maintaining the architectural and 

physical requirements. 
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2.1.3 Variable refrigerant flow (VRF) 

Modern type of decentralized air conditioning system is variable 

refrigerant flow system (VRF) which is complex and efficient. It can serve 

multiple indoor units connected with refrigerant piping system to a single 

outdoor VRF condensing unit. [3] 

Among these systems; VRF system can provide both heating and 

cooling simultaneously by control system. Control system has the ability to 

automatically control refrigerant flow to meet the cooling or heating load of 

the spaces needs by hand held control or the use of wall mounted key pads. 

Figure (2.3) shows the main principle and schematic for VRF system 

first in the outdoor unit a compressor increases the refrigerant pressure, 

then the condenser make the refrigerant reject heat out to reach the 

expansion valve with high pressure liquid, after that the refrigerant leaves 

the expansion valve with low pressure and temperature. VRF system come 

in two system formats, the simple one with two pipes that makes all the 

zones either in cooling or in heating mode. The other format is the heat 

recovery (HR) systems that have three pipes design which gives this system 

the ability to heat some zones and cool others at the same time. All this can 

be done with microprocessor based electronics. 
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Figure (2.3): VRF air conditioning schematic. [3] 

2.1.4 Packaged air conditioners 

Packaged air conditioners most suitable for cooling capacities 

arranged between split air conditioners and central air conditioning 

systems. It is available in fixed rated capacities of 3, 5, 7, 10, and 15 tons. 

[3] 

Packaged systems contain all important parts inside one house 

including compressor, cooling coil, air handling unit, and the air filter. 

According to the type of the cooling system used with packaged air 

conditioners it can be divided into two types: ones with air cooled 

condenser and ones with water cooled condenser. 

In air cooled system the outdoor unit should be kept in a place where 

the atmospheric air is available to cool the condenser of the refrigeration 
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system. While in water cooled system the condenser of the refrigeration 

system cooled by water, so that water must be continuously available to 

maintain functioning of air conditioning system. 

As shown in figure (2.4) packaged system can serve two rooms or 

more at the same time. Its available capacities ranging from about 5 TR up 

to about 100 TR, so it is more efficient to use in large spaces or offices. 

 

Figure (2.4): Packaged air conditioners installation. [3] 

But it should be noted that the larger of tonnage in packaged system 

the larger air flow will be, so that we will need duct work to cover all 

spaces and reduce noise. 

2.2 Centralized air conditioning system design 

Centralized air conditioning system uses one base location to serve 

single or multiple zones with cooled air, these system are most efficient in 
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mid to high rise buildings that include five to seven and more floors. 

Centralized systems can be divided into three categories as the following: 

Central systems with Constant Air Volume (CAV) air handling units 

Central systems with Variable Air Volume (VAV) air handling units 

Central systems with fan coil units (All-Water systems). 

Constant air volume system (CAV) category is an all air system 

which maintains comfortable temperature and humidity (comfort 

conditions) in served zones by constant air volume supply and variable air 

temperature. 

Variable air volume system (VAV) is an all air system which can 

serve multiple zones by supplying air at a constant temperature from the 

base central plant to one or many VAV units in each zone. But the amount 

of air flow to each zone can be adjusted to meet each zone cooling load 

requirements. And this is the main advantage of this system over the 

constant air volume system is the flexibility of air flow control that can 

serve any number of zones within the building at the same time. 

Central system with fan coil unit is an all water system with FCU 

units. Outdoor unit produces chilled water to be passing through insulated 

pipes then pumped to the fan coil unit (FCU) placed inside the conditioned 

space, heat exchanging with air made there to produce cooled air, then 

cooled air transferred to the zones and back again to the FCU to be cooled 

again by cooling coils to make a close loop. 
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Basically central systems design broken down into three major 

subsystems: the chilled water plant, the air delivery system, and the 

condenser water system (or heat rejection system). Every subsystem 

responsible for a private job, as we can see in figure (2.5) we have central 

system water to air divided into three subsystems shown in the figure 

below. 

 

Figure (2.5): Centralized air conditioning system schematic. [4] 

Chilled water substation begins its circle inside the chiller body   

evaporator section. Pumps make the system pressurized supplying the inlet 

of evaporator with water to be chilled there and then leaves the evaporator 

through piping system to supply chilled water to air handling units cooling 

coils to be heat exchanged with air supplied by fans. The system may have 

primary and secondary chilled water pumps, primary water pump sustain 

the system pressurized and ensure constant water flow through the chiller, 

while the secondary water pump serve chilled water to AHUs with 

quantities needed only. 
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Chillers have three most common options; centrifugal compressors        

(200 to 2000 TR), screw compressors (100 to 750 TR), and reciprocating 

compressors (up to 200 TR). Each one has its own restrictions, properties, 

and peak load efficiency. 

Air delivery subsystem responsible for delivering cooled air to 

spaces through duct system and registers to maintain the cooling load 

standards. 

In most building cases air is back again to the AHU by return air 

system to be mixed with supply air with an amount to be recommended. 

Return air system can be ducted returns or plenum returns. In ducted 

returns air is collected from each zone using return air devices attached to 

the ceiling or walls which supply air to AHU by direct duct work. Plenum 

returns collect the air from all zones through return air devices as in ducted 

returns to the space between drop ceiling and the real ceiling, then the air 

returned to the AHU by duct work or structural channels and conduits. 

Before heat exchanging air should be filtered to remove particular 

matter (mold, dust, and allergens). 

As any refrigeration system heat rejection must occur. Condenser 

water system is responsible for this part by two option of heat rejecting:             

1- water cooled 2- air cooled. 

Water cooled units are common used in large buildings such as 

hotels and airports, these units reject heat which absorbed from spaces or 
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zones to water that with the same way can reject this heat via cooling 

towers or fluid coolers. 

Air cooled option is the most common used in residential and light 

commercial applications. Heat absorbed from spaces or zones can be 

rejected to the ambient air. 

2.3 Comparison between Centralized and Decentralized air 

conditioning systems 

Every building type has its own regulations, specifications, and 

restrictions that affect Selecting HVAC system, and every HVAC system 

also has its own design and properties that influence the decision of type 

selected. So to make a decision and select the suitable type of HVAC 

system that fit our case we should first take a look at every type and 

summarize every type design, specification , properties, and limitations. 

Centralized and Decentralized air conditioning systems have many 

differences parameters which at the end make one better than another in 

such a case, these parameters are: 

Applications, usage patterns, and zoning 

Control views, Structural design and costs 

2.3.1 Applications, usage patterns, and zoning comparison 

Central systems are used widely for completely air conditioning in 

large buildings, airports, hotels, shopping malls, theaters…etc. one base 
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chiller or multiple chillers can be used to offer the desired load capacity 

and sometime a hybrid system is preferred which is a combination between 

centralized and decentralized system in such a couple of central plant and 

packaged split units that the central plant serve corridors and lobby, and the 

packaged system serves individual rooms such as guests rooms, meeting 

rooms. 

Centralized systems like chillers are available in the market with 

maximum capacity 2000 tons, so these systems are best fit with cases that 

requires high usage time and consistent. 

Multiple zones can be served with one central plant and can have 

many different control points since every zone contain its own control 

(thermostat) that provides signals to the main central plant to monitor the 

flow of chilled water. 

Decentralized systems are more suitable for buildings which have 

unoccupied spaces at any given time to provide potential energy saving 

since every single space has its own air conditioning unit that can be shut 

off alone without influencing the others. Decentralized systems also 

preferred in low to mid rise buildings and low to intermittent air 

conditioning requirements such as small residential buildings and offices. 

But for large buildings, multiple package units can cover the desire loads. 

For cases of that spaces which may have expansion or addition of 

more equipment, decentralized system can give the solution. 
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Decentralized systems such as split units (DX) are only 

recommended to serve single zone applications since split units can’t 

respond to many sensors (thermostat) signals and do not provide 

modulating control, every zone has its own thermostat connected with the 

single base unit that’s due to the assembly of its content namely the 

compressor which only works with ON – OFF response to the signals 

coming from a thermostat, it can be either totally shut off or totally shut on. 

For multiple zones application it is required multiple units to cover them. 

Decentralized air conditioning systems are available in the market 

with capacities range from 0.5 ton to 130 tons (for roof top package units). 

2.3.2 Control views 

Control is very important in all systems for energy saving such as 

capacity control. Central systems (chilled water type) show a good capacity 

control by modulating the chilled water flow rate through the cooling coils 

generally within the air handling unit or the fan coil unit, so every zone 

thermal load can be covered without influencing the control of any other 

zones in the other hand decentralized systems that do not provide 

modulating control since they have fixed coil temperature during the 

cooling mode, the only control available in decentralized systems like (DX) 

systems is by cycling the compressor ON and OFF depending on the sensor 

(thermostat ) signals. 

In air quality control, centralized systems offer high quality of air 

conditioning so that it can be used for applications demanding precise 
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control and sensitive for environmental conditions. In decentralized 

systems the air quality less than that in central systems. 

Decentralized air conditioning systems do not show that accuracy in 

temperature control since there is only two positions of control ON or OFF 

which makes the temperature and relative humidity swings. This might be 

happened in central systems when it balanced and it won’t be hot spots in 

targeted zones due to the high level of control between the base unit and 

the indoor units (as an example FCUs). 

In controlling fresh air and ventilation, central system gives good 

control in fresh air quantities allowing for fixed or varying quantities while 

decentralized system do not provide much flexibility in fresh air control. 

We saw most of control views are better in centralized systems that 

in decentralized systems for energy saving opportunities. But in 

individualized control decentralized system are better due to capability to 

offer room by room control providing heating for space that needs heat and 

at the same time can provide cooling to adjacent that needs cooling without 

influencing each other as clear in figure (2.6). 
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Figure (2.6): Individualized control in decentralized air conditioning (split type).[4] 

Central systems can’t always provide individual control as flexibility 

as in decentralized systems. But in (VAV) central system figure (2.7) 

individual control is available by monitoring the air delivery rates to the 

spaces while keeping the coils as fixed temperature. 

 

Figure (2.7): Individualized control in centralized air condition systems(VAV 

type). [4] 



33 

In central air conditioning systems (CAV) type also can provide 

individual control by keeping the air delivery constant and altering the coils 

temperature, this type not recommended due to huge quantities of energy 

wasted by simultaneous cooling and heating. 

2.3.3 structural design and costs 

Centralized systems have huge and heavy equipment that required 

large space to handle them called mechanical room that must be available 

in every building used in. 

Central systems should contain plumping structure and drainage 

system arrangement in the mechanical rooms where air handling units or 

fan coil units are located there with their cooling coils, also in plant room 

where cooling water pumps available there. 

In decentralized systems the situation is more simple cause of their 

simplicity which is smaller in size, so there is no need for mechanical 

rooms to handle the equipment and this can offer large free areas in the 

building. The plumping structure also simple since most of decentralized 

air conditioning systems evaporators are located inside or at the boundaries, 

the plumping need to be carried out in the indoor spaces connected with the 

zone drainage system itself and no need for a new special drainage line. 

Capital costs for centralizes systems are much higher than 

decentralized systems. Capital costs can vary depending in the type of 

equipment used in the system, centrifugal chiller for example is most 
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expensive then screw packaged chiller and the cheapest is reciprocating 

packaged chiller, but the cost can vary depending on the size of chillers 

such as centrifugal chiller under 200 tons is more expensive than 

reciprocating but becomes competitive in the larger sizes. 

In another way central air cooled machines are much cheaper in 

capital costs than the water cooled machines about 10% - 15%, at the same 

time energy or power saving will be caught (running costs), so engineers 

should work out the pay pack period and make visibility studies before 

selecting which system to be chosen finally.[3] 

Decentralized air conditioning systems mostly have lower capital 

costs than central systems paid for an equivalent custom system. These 

systems have fewer materials to install and so lower installation costs that 

make decentralized systems more preferable. 

In engineering costs view decentralized systems also show a good 

cost saving since they are standard size units readily available so that 

installation is faster and simple that save time and installation operation 

costs. Central systems are much higher in installation costs since equipment 

and parts are heavy lifting and larger in size that make them require more 

costs for handling facility at site. Also central systems ductwork, piping 

system, insulation, and false ceiling give extra engineering costs. 

For maintenance cost, central air conditioning systems can take 

much expensive and time consuming than decentralized air conditioning 
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systems. All these costs depend on the type used and the capacity also, so 

costs vary in values and time. 

Maintenance can be done directly in occupied spaces in most 

decentralized systems while it can be done within mechanical rooms or 

outdoors in central systems. 

2.4 Energy Saving Opportunities in Centralized Air Conditioning 

Systems 

Institutional and commercial organizations concentrate in energy 

efficiency nowadays to catch as much amount of energy saved as they can 

which lead for electricity saving thus money saving. 

Managers in most projects looking for opportunities that may do this 

savings and recommended strongly to those whose responsible about 

structural and designs to do the best they can to maintain the most efficient 

behavior with less electricity consumption. 

Since energy saving became a top priority in most projects, engineers 

concentrations have to be on finding more and best opportunities in energy 

saving within the projects related to heating ventilation and air conditioning 

systems (HVAC) including, boilers, chillers, and air handling units 

components since air conditioning makes as much as 60% of the total 

consumption of a building in a season. 

In centralized air conditioning systems there is a big chance of 

energy saving, since they are used widely and with huge cooling or heating 
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capacities. By the nature of these systems components and the big sizes any 

saving amount even its small will play a good role and will be more 

effective than decentralized air conditioning systems. 

Energy saving opportunities in centralized air conditioning systems 

can be within the equipment (Internal opportunities category) or the 

surrounding (External opportunities category). Every category has its own 

cost and reliability and dependency. 

The first step of energy saving is making an energy audit by plan the 

work, then work the plan. Such a plan need some data collection before 

going forward such as equipment logs, weather data, and structural data 

within the building. 

 Working the plan might be starting with opportunities easy to apply 

and with less cost going to more complex opportunities with more cost. 

As air temperature increases the electricity consumption in air 

conditioning increases substantially. In addition to this process the cooling 

of air conditioning units decreases the same will happen if the air 

temperature decreases in winter season, this lead to consume more 

electricity also and heating of air conditioning units increases substantially. 

With this two cases engineers have to find the opportunities that can faces 

this increasing in electricity consumption. 

Some of those opportunities are as following: 

1- Variable air volume system and constant air volume system 
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2- Scheduling 

3- regular motors, high efficient motors and variable frequency drives 

Most of centralized air conditioning systems have issues with energy 

consumption that call for energy conservation and energy saving 

opportunities to solve these issues. Allot of these issues are within the 

design of the system or selection and equipment's installed, these 

opportunities are classified as internal energy saving opportunities and we 

will introduce and discuss some of most important of them. 

2.4.1 Variable air volume system and constant air volume system 

The first internal energy saving opportunity that could save energy 

within the air central air conditioning systems is that when we have such a 

system of constant air volume (CAV) designed to be serving out building. 

It's recommended to replace this current design with a new one that called 

variable air volume (VAV) when our case suitable for both systems 

according to reference [1]. 

Figure (2.8), and figure (2.9) show a schematic plans of CAV and 

VAV distribution within a multiple zones. 



Figure (2.8): Schematic plan of CAV distribution within a multiple zones.

Figure (2.9): Schematic plan of VAV distribution within a multiple zones.

The two plans show the same case that include two zones one is west 

and the other is east di

different peak time, they are connected with CAV system once and with 

VAV once again. 
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): Schematic plan of CAV distribution within a multiple zones.

): Schematic plan of VAV distribution within a multiple zones.

The two plans show the same case that include two zones one is west 

and the other is east direction, with the same load and air flow and with 

different peak time, they are connected with CAV system once and with 

 

): Schematic plan of CAV distribution within a multiple zones. 

 

): Schematic plan of VAV distribution within a multiple zones. 

The two plans show the same case that include two zones one is west 

rection, with the same load and air flow and with 

different peak time, they are connected with CAV system once and with 
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In the 1st case with CAV connection the east room contains 

thermostat inside while the west room doesn’t. when the system goes on 

and start pumping cooled air toward the two rooms through duct work 

system, at time 9 A.M and around this time the east room needs the big 

load while the west room doesn’t , that means the west room will reach its 

design temperature ( assume 24o C). At the same time the east room still 

receiving more cooling air, this mean that the system will remain ON and 

pushing more and more cooled air toward two rooms till east room reached 

its design temperature. 

As a result; when east room reach its design temperature, the west 

room temperature will be lower than the design temperature due to of non-

stopping cooling so that all these cooling are waste, and become an extra 

load for the system that consume and cost an addition energy to the system. 

This issue can be avoided by using VAV air conditioning system 

which can serve the two rooms individually without wasting extra energy. 

With the same case at 9 A.M the east room will reach its design 

temperature while the west one doesn’t, but unlike the CAV system, VAV 

system will shut off the cooling toward the west room by a mean of (servo 

motor and damper system). When the thermostat send such a signal to the 

VAV system that the desire temperature was reached, the servo will make 

the damper to partially close so that decreasing the amount of cooled air 

delivered to the room. 
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As a result; VAV system conserve energy and prevent wasting 

energy when the desire temperature reached and save money. These 

systems are easy to install and cost less. In addition VAV systems can save 

as much as 30% in energy costs comparing to other conventional systems. 

2.4.2 Scheduling 

Most buildings that contain an air conditioning system it will shut on 

the system at the first moment it start working or occupied with people. So 

energy consumption starts till the last moment of that working day. 

In our case study An-Najah child institute building, the working 

hours schedule is as following: 

7 AM: Cleaners and guards                                               

8 AM –11:30 AM: Employees, officers, and students                                 

11:30 AM – 12:30 PM: Break                                                 

12:30 PM – 3 PM: Employees, officers, and students 

When designing an air conditioning system especially in centralized 

air conditioning systems like chillers it is better to keep in mind the above 

working schedule distribution to have an accurate cooling and heating 

loads as a result and so sizing of the air conditioning system equipment's. 

Figure (2.10) and figure (2.11) describes schedule of people used in 

calculating and designing the air conditioning system via designing 

program HAP 4.6. [1] 
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Figure (2.10): Hourly people schedule using HAP 4.6 program 

 

Figure (2.11): People schedule profile description using HAP 4.6 program. 

Figure (2.10) give working hours distribution Vs the load 

distribution relating to the building working hours table. It is clear that the 

load between 7AM till 8AM have about 15% of total capacity, while 

between 8AM till 11:30 AM the capacity is 100%, and between 11:30 and 
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12:30 there is only about 10% cooling capacity of full load, and finally at 

12:30 till the end of that working day the system will work with full load 

capacity 100%. 

This schedule will huge amount of energy cause of the rest intervals 

that could be in many hours with less load capacity and for sure will 

increase the life time of the system equipment's. Also if we applied this 

schedule to ventilation design we will harvest another energy saving since 

ventilation causes an extra cooling load to the system and make the system 

consume more energy to cooling that air coming from outside. 

Relating to figure (2.11) the people schedule can be more accurate 

and be applied to the days of the week or the days of the months and so on. 

This strategy saves more and more energy since the cooling load will 

decreases as we exclude many hours and 2 days a week from our cooling 

load calculations. So that the system equipment's will be smaller and cost 

less money as a capital cost and cost less in running cost as an electricity 

bill during the months. 

2.4.3 Regular motors, high efficient motors and variable frequency 

drives 

The highest energy consumers in both residential and commercial 

sectors are motor-driven components. In residential sector HVAC 

applications represent around 63% of motor driven energy use, and 

refrigeration represents around 28% .In commercial sector, the HVAC and 
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refrigeration categories together represent 93% of motor driven energy use, 

while electric motor-driven systems and their components in appliances 

and equipment account for more than 25% of the primary consumption in 

both commercial and residential sectors [4]. 

This huge energy consumption of motors used in air conditioning 

systems (fan motors and compressor motors) can be reduced by using high 

efficient motors instead of regular motors or by installing variable 

frequency drives VSD especially in variable load applications plus other 

non- energy benefits such as reducing the noise and the ability to reach 

higher rotational speeds. These retrofits have capital costs first and that the 

major problem, but nowadays and regarding to new semiconductors and 

electronics modern technologies the high efficient motors costs decayed 

and the payback period became more realistic and feasible. 

The International Electro technical commission (IEC) has published 

an international standard that defines three distinct energy efficiency 

classes for single speed and three phase motors (IE1, IE2 ,IE3) figure 

(2.13) related to reference [3], IE1 with standard efficiency, IE2 with high 

efficiency and IE3 with premium efficiency. Figure (2.12) show conclude 

these standards with their capital cost, maintenance cost, and energy cost 

with two cases, one with 8000 operating hours per year and the other one 

with 2000 operating hours per year.[5] 
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Figure (2.12): Three different motor classes' energy analyzing with 8000 and 2000 

operating hours per year graphs. [5] 

According to table (2.1) we can see the potential of energy saving 

between three motor standard types, when using motor type IE2 the 

payback period will be about 7 months in 8000 operating hour's case. 

While in 2000 operating hours case we will get our investment by energy 

saving within 3 years. We can also use equations below to calculate energy 

saving: 

∆� �����	 = ���(� �
��� − � �

���) … Eq (2.1) 
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Table (2.1): Motors specification and their energy efficiency potential. 

[6] 

 

Energy saving not excluded only in improvement of motor 

efficiencies, it is also can be achieved by using variable frequency drives 

VFDs especially on those systems which spend the majority of their 

operational life at a part load. 

VFDs used to control the speed of an HVAC fan or pump motor 

(like a throttle on a car) depending on the demand. VFDs can make the fans 

or motors work under 100% full load when the system don’t need a full 

load demand while the regular fans and pumps without VFDs can only 

working with 100% load or 100% off load, so that VFDs can conserve 

energy and save money. 
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VFDs adjusting the frequency to control and change the speed of a 

fan or motor, typical frequency adjustment range can vary from 10-60 Hz. 

At the same time they system has VFDs it is recommended to have also a 

Bypass to keep the system running when VFDs interrupted or under 

servicing. 

VFDs can save energy as much as 30-70% when it's connected to 

fans and motors (centrifugal fans and pumps only). [6] 

2.5 Energy saving opportunities in Decentralized air conditioning 

systems 

Decentralized air conditioning systems have many shapes and 

structures differ from those in centralized air conditioning systems thus 

they differ when using energy saving opportunities. So when using such 

energy saving opportunities we should go deeply and understand the 

system structure and principles to use the suitable opportunities for suitable 

system and gain more energy conservation. 

Many researches were done for energy saving among these air 

conditioning systems, some effective and some are not and others under 

study. 

In this section we will introduce some of these opportunities that 

might be best fit or somehow effective. These opportunities are as 

following: 

1– Components shading 
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2– Evaporative cooling 

3– Cleaning air conditioning system filters 

2.5.1 Component Shading 

Decentralized air conditioning systems specially split air 

conditioners contain an outside box that include compressor and condenser 

unit within, condenser component is responsible for heat dropping the heat 

coming from inside spaces toward outside air surrounding (heat 

exchanger), in different words it dropping hot air to hotter air. As we know 

natural air moves from cold to hot, so the heat will moves from hot to 

hotter naturally. Figure (2.13) shows outside box that contain condenser 

unit within. 

 

Figure (2.13): Outside box split unit 
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As we can see the air flow in this outside unit is vertical, and 

sometimes the air flow may be horizontally and this is an important note in 

this case when using shading to keep the outdoor unit away from the direct 

sunlight. 

Shading can reduce the direct solar gain toward condenser body so 

that its efficiency will improve and capability of dropping hot air to 

surrounding will increases, and that can make the return air temperature 

deceases. Since the temperature difference became less between the return 

air and inside space air, cooling capacity will be reduced and energy 

consumption also reduced. 

This energy saving opportunity is sensitive to the shading structure 

we used, it should be noted the direction of the fan exhaust first and the 

structure of the shading in the other side. Figure (2.8) showing the perfect 

shading structure in an outdoor unit. 

 
Figure (2.14): Shading structure in outdoor split unit. [7] 
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Related to the previous figure (2.14) the suitable and perfect shading 

should not interrupt the air flow between the fan and the air surrounding 

(heat exchanging), and it should not be totally closed so air still circulates 

around. 

This shading strategy is more effective in long time term to gain 

more saving and be feasible for about 10% energy saving to install relating 

to study done by FSEC [7] 

2.5.2 Evaporative cooling 

Evaporative cooling is similar to our bodies sweating, when skin 

sense of hot condition it sweat and producing liquid water to be changed 

into vapor water, this process keep make our skin rejecting heat by the 

evaporation of the liquid water produced, this phase changing from liquid 

to vapor need heat to be done, so heat will be rejected from our skins and 

that the main principle of evaporative cooling. Figure (2.15) describes the 

evaporative cooling schematic. 

 
Figure (2.15): Evaporative cooling schematic. [7] 
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Evaporative cooling is most feasible in system with dry conditions it 

used a water distributer to spread the water into the condenser body to 

make the tiny water droplets evaporates taking heat out to the surrounding, 

so the temperature of the air decrease and thus increases the cooling 

capacity. 

This opportunity make air conditioning system more efficient and 

save energy. We can use this strategy in centralized air conditioning. 

2.5.3 Cleaning air conditioning system filters 

Filters very important in air conditioning systems to keep the air 

inside spaces with high quality and meet the standards ASHRAE.    The 

return air line should contain filters since the air inside contain many 

harmful particles and must be removed before recycling. [1] 

Almost these filters got blocked due to the accumulation of harmful 

particles within and make the air hard to pass through. 

Figure (2.16) shows a split unit filter. 

 

Figure (2.16): Split unit filter. [7] 
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Air conditioning system filters blockage is almost a serious problem 

because it reduced the air quality inside spaces and can spread many 

diseases and illnesses. Addition to that filters blockage can increases the 

consumption of energy since the air will be hard to circulate cause 

increasing in pressure. 

In decentralized ducted air conditioning systems almost there is a 

blower which is the heart of the system that is responsible for pulling out 

the air from spaces to the ducts to be conditioned again in AHU, the blower 

is powered by an electronically commutated motor (ECM) that controlling 

the speed depending on varying conditions, and sometimes connected to 

permanent split capacitor (PSC) which is not as ECM (not a variable speed 

motor). 

When the filter gets too dirty and somehow blocked the blower will 

fight against an extra pressure above the maximum (typically 0.5 inches of 

water column iwc). In this case high pressure will make the    ECM motor 

will ramp up in an attempt to maintain proper air flow and fight against 

high pressure and make it dissipating more heat thus more cooling load 

causing an extra energy consumption also causing damage on the motor in 

long term and loss in efficiency. 

Figure (2.17) shows two different filters, one is clean and other in 

dirty. Changing air conditioning filters constantly will save energy as much 

as 20- 30%. [7] 



Figure (2.17): Two air conditioning filters one is clean and other is dirty.. [
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): Two air conditioning filters one is clean and other is dirty.. [

 

 
): Two air conditioning filters one is clean and other is dirty.. [7] 



53 

 

 

 

Chapter Three 

Variable Refrigerant Flow 

(VRF) Design for ANCI 

  



54 

Chapter Three 

Variable Refrigerant Flow (VRF) Design for ANCI 

Variable refrigerant flow system is a modern air conditioning system 

that use refrigerant as the cooling and heating medium, VRF system 

consists of outdoor units, indoor units, and piping system. 

Compressed refrigerant lift the outdoor unit through pipes to reach 

indoor units and have heat exchanging there with air. No ducts for this type 

of air conditioning.    

3.1 Selection and Design of Variable Refrigerant Flow  (VRF) System 

Components 

All components selection based on Toshiba air conditioning 

catalogues. As in appendix 1, and appendix 2. 

- Selection of outdoor units 

Outdoor units was divided into two parts, one for ground floor, and 

first floor and the other one for second floor and third floor. 

With total area of 550 m2 for ground and first floors, the outdoor unit 

selected was 42HP with code name of (MMY-AP4216HT8P-E)                                                            

The second floor and third floor with total area of 380 m2, the outdoor unit 

selected with capacity of 32HP with code name of (MMY-AP3216HT8P-

E) 
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- Selection of Indoor units 

Indoor units was selected to cover target zones in all floors as 

following: 

Ground and first floor contain 17 indoor units, 3 are ducted models 

and 14 wall mounted models. As in Table (3.1) 

Second and third floors contains 16 indoor units. Two are ducted 

models and 14 are wall mounted models. As in Table (3.2) 

Table (3.1): Ground and first floors indoor unit specifications. 
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Table (3.2): Second and third floors indoor unit specifications. 

 

- Piping length calculations 

Ground and first floors piping lengths and diameters are given in  

table (3.3). 

Table (3.3): Ground and first floors piping system quantities 
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Second and third floors piping lengths and diameters as shown in  

table (3.4). 

Table (3.4): Second and third floors piping system quantities. 

 

- Indoor units distribution for ground floor 

8 indoor units were distributed in all targeted zones at ground floor, 

as figure (3.1) gives, there are 8 indoor units distributed as following: 

1- Wall mounted 4.50 kW (Clinic1- 14.60 m2) 

2- Wall mounted 4.50 kW (Clinic 2- 15.00 m2) 

3- Wall mounted 4.50 kW (Clinic 3- 12.25 m2) 

4- Wall mounted 4.50 kW (Clinic 4- 12.25 m2) 

5- Wall mounted 5.60 kW (Intervention north- 45.30 m2) 
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6- Wall mounted 5.60 kW (Intervention east- 45.30 m2) 

7- Ducted unit 16.00 kW (Lobby west) 

8- Ducted unit 16.00 kW (Lobby east ) 

- Indoor units distribution for first floor 

9 indoor units were distributed in all targeted zones at first floor, as 

we can see in figure (3.2) there are 9 indoor units distributed as following: 

1- Wall mounted 6.30 kW (secrtaria1- 16.00 m2) 

2- Wall mounted 6.30 kW (administration- 17.40 m2) 

3- Wall mounted 6.30 kW (Offic1- 20.00 m2) 

4- Wall mounted 5.00 kW (Offic2 west – 38.00 m2) 

5- Wall mounted 5.00 kW (Offic2 north- 38.00 m2) 

6- Wall mounted 8.00 kW (Class 1- 23.00 m2) 

7- Wall mounted 8.00 kW (Class 2- 23.00 m2) 

8- Wall mounted 8.00 kW (Class 3- 23.00 m2) 

9- Ducted unit 12.50 kW (Lobby) 
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Figure (3.1): Ground floor indoor units distribution 
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Figure (3.2): First floor indoor units distribution 
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- Indoor units distribution for second floor 

8 indoor units were distributed in all targeted zones at ground floor, 

as can be see in figure (3.3) there are 8 indoor units distributed as 

following: 

1- Wall mounted 4.00 kW (Resource and Service- 10.0 m2) 

2- Wall mounted 6.30 kW (Library- 20.60 m^2) 

3- Wall mounted 5.00 kW (Art room north- 31.70 m2) 

4- Wall mounted 5.00 kW (Art room west- 31.70 m2) 

5- Wall mounted 5.00 kW (LD-room west- 31.90 m2) 

6- Wall mounted 5.00 kW (LD-room north- 31.90 m2) 

7- Wall mounted 6.30 kW (Music room- 23.00 m2) 

8- Ducted unit 12.50 kW (Lobby). 

- Indoor units distribution for third floor 

9 indoor units were distributed in all targeted zones at first floor, as 

we can see in figure (3.4) there are 9 indoor units distributed as following: 

1- Wall mounted 6.30 kW (Research room- 16.30 m2) 

2- Wall mounted 6.30 kW (Admin office1- 19.60 m2) 

3- Wall mounted 6.30 kW (Admin office2- 17.50 m2) 
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4- Wall mounted 6.30 kW (Admin office3- 17.50 m2) 

5- Wall mounted 6.30 kW (Admin office4- 19.40 m2) 

6- Wall mounted 5.00 kW (Meeting room north- 28.40 m2) 

7- Wall mounted 5.00 kW (Meeting room west- 28.40 m2) 

8- Ducted unit 12.50 kW (Lobby). 
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Figure (3.3): Second floor indoor unit's distribution. 
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Figure (3.4): Third floor indoor unit's distribution. 
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3.2 Electrical Consumption in VRF system 

(Cooling Mode) 

Ground and First floors: 

Electrical consumption depends on number of outdoor units capacity, 

and also depend on number of indoor units and capacity.      

Ground floor and first floor contain 1 outdoor unit with 103.70 kW 

cooling capacity beside of 17 indoor units all contains electrical fans that 

consume variable Kilo Watts as shown in table (3.5). 

According to manufacturer catalogue the outdoor unit used to serve 

ground and first floors is (MMY-AP4216HT8P-E) power input during 

cooling mode equals to 40.50 kW. (Appendix1) 

Outdoor unit power consumption = 40.50 kW. 

Related to manufacturer catalogue for indoor units distributed in both 

ground and first floors Table (3.5), the power input for all indoor units   (1x 

0.172 + 2x 0.198 + 5 x 0.043 + 6 x 0.043 + 3 x 0.05 =       1.191 kW. 

Table (3.5): GF-1
st
 floors indoor unit's catalogue. 
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Electrical consumption (GF + 1st floor) = 1.19 kW 

ESEER = 7.13 

Using equation (1)  

Annual energy consumption = over all electrical consumption X 

Total operation hours per year …Eq (3.1) 

With an assumption of operating hours per year (summer) = 700 

hours 

Annual energy consumption (1st + GF indoor units) = 1.19 kW X 

700 hrs = 833 kWh 

Second and Third floors indoor units 

Second and third floor contain 1 outdoor unit with 79.30 kW 

capacity, and also 16 indoor units all contains electrical fans that consume 

variable kW as shown in table (3.6). 

According to manufacturer catalogue the outdoor unit used to serve 

ground and first floors (MMY-AP3216HT8P-E) the power input in cooling 

mode equal to 28.60 kW. (Appendix 1) 

Outdoor 32HP unit power consumption = 28.60 kW 

Related to manufacturer catalogue for indoor units distributed in both 

second and third floors Table (3.6). 
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The power input for all indoor units related to appendix (2) 

2 indoor units x 0.172 kW + 1 indoor unit x 0.021kW + 6 indoor units x 

0.043 kW + 7 indoor unitsx 0.043 kW =  

0.924 kW 

Table (3.6): 2
nd
 and 3

rd
 floors indoor units' catalogue. 

 

ESEER = 7.59 

With an assumption of operating hours per year (summer) = 700 

hours 

Applying equation (3.1):  Annual energy consumption (2nd and 3rd 

indoor units) = 0.924 kW X 700 Hrs = 646 kWh 

- Annual overall energy consumption of indoor units (Cooling) = GF-1st 

energy consumption (Cooling mode) + 2nd – 3rd energy consumption 

(Cooling mode) … Eq(3.2) 

= 833 + 646 = 1479 kWh/Year. 
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Chapter Four 

Air to Water Chiller System  

(Air Cooled) 
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Chapter Four 

Air to Water Chiller System (Air Cooled) 

4.1 Air to Water Chiller Design 

Chiller air to water air conditioning system or in other name (Air 

cooled liquid chillers ACLC), consists of many important parts: outdoor 

units, indoor units, water pumps, ductworks, and water pipes network. 

Every part integrates the other, and every part design should complete the 

other. 

- Air to Water Chiller outdoor and indoor unit selection 

- Selection of outdoor units 

All components here selected based on TRANE air conditioning 

manufacturer catalogues. (Appendix 5) 

The cooling load in the studied area is = 213 kW = 60 TOR and 

relating to TRANE catalogues; one unit was selected to cover four floors at 

ANCI building as shown in figure (4.1). 

  



70 

Table (4.1): Air cooled outdoor unit specification 

 

Total area to be air conditioned and served in ground, first, second, 

and third floors at ANCI building = 786 m^2, and total cooling load = 60 

TOR. By assuming the design leaving chilled water temperature is 44o F, 

and the entering condenser air temperature is 75o F; one air cooled liquid 

chiller was chosen with code number of CGAF-C60 with full capacity of 

61.40 Tons (the shaded row in table (4.1)). 

- Selection of Indoor units 

Based on cooling load in every space, Indoor units were selected to 

cover all spaces in each of ANCI building floors with two types of indoor 

units; one is ducted indoor unit, and the other is decorative high wall indoor 

unit. 



71 

Related to TRANE catalogues (Appendix 6 and 7) for indoor units; 

HWCF -50 Hz series was chosen for decorative high wall, and HFCA 

series was chosen for ducted indoor units. Based on assumptions that the 

entering water temperature (EWT) in decorative wall mounted indoor type 

is 45o F and the entering water temperature of ducted indoor type is 41o F 

Tables (4.2), (4.3), (4.4), and figure (4.5) contain all indoor units in 

each floor with their specifications. We can easily define every indoor unit 

in each space of all floors. 

Table (4.2): Ground floor indoor units detail. 

 
Ground 

Floor 
      

Space 
Area 

m
2
 

Load 

kW 

indoor 

unit type 

indoor 

units 

# 

total 

load 

kW 

Indoor 

unit 

code# 

Indoor 

unit air 

flow 

CFM 

Clinic Room1 14.60 4.20 decorative 1 4.20 HWCF06 600 

Clinic Room2 15.00 4.20 decorative 1 4.20 HWCF06 600 

Clinic Room3 12.25 4.20 decorative 1 4.20 HWCF06 600 

Clinic Room4 12.25 4.20 decorative 1 4.20 HWCF06 600 

Multisensory 
Room 

40.40 16.50 ductable 1 16.50 HFCA14 1400 

Intervention 
Room 

45.30 4.20 decorative 2 8.40 HWCF10 2000 

Waiting Room 28.00 16.50 ductable 1 16.50 HFCA14 1400 

Lobby 4.60 0 ductable 0 0 - - 
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Table (4.3): First floor indoor units detail. 

 

First 

Floor 
      

Space 
Area 

m
2
 

Load 

kW 

indoor 

unit type 

indoor 

units # 

total 

load 

kW 

Indoor 

unit 

code# 

Indoor 

unit air 

flow 

CFM 

Class1 23.00 6.62 decorative 1 6.62 HWCF08 800 

Class2 26.00 7.70 decorative 1 7.70 HWCF10 1000 

Class3 24.60 7.20 decorative 1 7.20 HWCF08 800 

Staff Room 35.40 10.60 decorative 1 10.60 HWCF12 1200 

Meeting 
Room 

21.60 5.70 decorative 1 5.70 HWCF08 800 

Adminstrati
on 

17.40 5.10 decorative 1 5.10 HWCF06 600 

Secretsry 
and waiting 

area 
17.5 5.80 decorative 1 5.80 HWCF08 800 

Pantry 4.60 0 ductable 0 0 - - 

Lobby 63.00 12.50 ductable 1 12.50 HFCA12 1200 

Table (4.4): Second floor indoor units detail. 

 
Second 

Floor 
      

Space 
Area 

m
2
 

Load 

kW 

indoor 

unit type 

indoor 

units # 

total 

load 

kW 

Indoor 

unit 

code# 

Indoor 

unit air 

flow CFM 

Music 
Room 

23..00 6.20 decorative 1 6.20 HWCF08 800 

LD 
Room 

31.90 9.50 decorative 1 9.50 HWCF12 1200 

Art 
Room 

31.70 9.50 decorative 1 9.50 HWCF12 1200 

Library 20.60 6.00 decorative 1 6.00 HWCF08 800 

Resource 
and 

Service 
19.40 2.90 decorative 1 2.90 HWCF03 300 

Lobby 63.00 12.50 ductable 1 12.50 HFCA12 1200 

Pantry 4.60 0 ductable 1 0 - - 
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Table (4.5): Third floor indoor units detail. 

 
Third 

Floor 
      

Space 
Area 

m
2
 

Load 

kW 

Indoor 

unit type 

Indoor 

units # 

Total 

load 

kW 

Indoor 

unit 

code# 

Indoor 

unit air 

flow 

CFM 

Meeting 
Room 

28.40 8.30 decorative 1 8.30 HWCF10 1000 

Admin 
Office1 

19.60 5.70 decorative 1 5.70 HWCF08 800 

Admin 
Office2 

17.50 5.10 decorative 1 5.10 HWCF06 600 

Admin 
Office3 

17.50 5.10 decorative 1 5.10 HWCF06 600 

Admin 
Office4 

19.40 5.70 decorative 1 5.70 HWCF08 800 

Research 
Room 

16.30 4.80 decorative 1 4.80 HWCF06 600 

Lobby 63.00 12.50 ductable 1 12.50 HFCA12 1200 

Pantry 4.60 0 ductable 0 0 - - 

- Indoor units distribution 

Indoor units distribution should covering all zones so that every zone 

reach its comfort condition. 

Drawings given in figures (4.1, 4.2, 4.3, and 4.4) give a full 

description for all indoor units distribution and connection, in addition to 

pipes network and 
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Figure (4.1): Ground floor Air cooled indoor unit's distribution. 
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Figure (4.2): First floor Air cooled indoor unit's distribution 
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Figure (4.3): Second floor Air cooled indoor units distribution 



77 

 

Figure (4.4): Third floor Air cooled indoor units distribution 
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-Riser and Pumps selection 

Secondary pump (Variable volume) for circulating chilled water 

through indoor units is operating with variable speed according to cooling 

load.  

To select secondary pump, total head was calculated as following: 

Table (4.6): Secondary pump total head calculations. 

Description 
Flow 

(gpm) 

Equivalent 

length 
Head loss 

Total head 

m 

3" elbow 138 4 0.031 0.248 

4"X3" REDUCER 
 

2 0.031 0.124 

3" straight pipe 
 

5 0.031 0.310 

tee 3"x2"x3" 
 

2 0.031 0.124 

21/2" straight pipe 
 

4 0.08 0.640 

tee 21/2"x2"x21/2" 
 

2 0.08 0.320 

21/2" straight pipe 
 

4 0.04 0.320 

tee 21/2"x2"x21/2" 
 

2 0.04 0.160 

2" straight pipe 
 

4 0.035 0.280 

2" elbow 
 

2.5 0.035 0.175 

2" straight pipe 
 

1.5 0.035 0.105 

2" tee 
 

1 0.035 0.070 

2" straight pipe 
 

3.5 0.02 0.140 

tee 2"x11/4"x2" 
 

2 0.02 0.080 

2" straight pipe 
 

1 0.02 0.040 

2" 45 elbow  1 0.02 0.040 

2" straight pipe  5 0.02 0.200 

tee 11/4"x3/4"x11/4" 
 

1 0.02 0.040 

straight pipe 11/4" 
 

3.5 0.02 0.140 

tee 11/4"x3/4"x11/4" 
 

1 0.02 0.040 

11/4"X1" REDUCER 
 

1 0.02 0.040 

reducer 11/4"x1" 
 

1 0.02 0.040 

1" straight pipe 
 

3 0.02 0.120 

tee 1"x3/4"x1" 
 

1 0.02 0.040 

3/4" straight 
 

2.5 0.02 0.100 

3/4" elbow 
 

1 0.02 0.040 

tee 3/4" 
 

1 0.02 0.040 

3/4" gate valve 
 

8 0.02 0.320 

3/4" strainer 
 

3 0.02 0.120 

3/4" drv valve 
 

3 0.02 0.120 

3/4" union 
 

1 0.02 0.040 

3/4" motorised valve 
 

3 0.02 0.120 
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We can see at figure (4.6) every section of chilled water pipe line has 

its own equivalent length, for example we got (Tee 3''x2''x3'') installed on 

primary pump pipe line. Equivalent length for this Tee is (2), with head 

loos equal to 0.031. [12] 

Total Pump Head = Equivalent length X Head loss …Eq (4.1) 

Total head (Tee 4''x3''x4'') = 2 x 0.031 x 2 = 0.124 m. 

And so on we got Total head for all secondary pump pipe lines equal 

to 4.736.  

By adding Factor of Safety of 15%, residual pressure (5m), and drop 

during FCU's (1.5m)  

Total Head (Secondary pump) = 12.2 m  

Note: fittings equivalent length table available within the Index. 

To calculate the flow rate of secondary pump; each of building floors 

indoors units water flow rate was calculated, then accumulated sum was 

found. 
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Table (4.7): Ground and First floors indoor units' water flow rate. 

Ground 

Floor 
   First Floor    

Space 

Indoor 

unit 

code# 

Indoor 

unit 

air 

flow 

CFM 

Indoor 

unit 

air 

flow 

CFM 

Space 

Indoor 

unit 

code# 

Indoor 

unit 

air 

flow 

CFM 

Indoor 

unit 

air 

flow 

CFM 

Clinic 
Room1 

HWCF06 600 3.63 Class1 HWCF08 800 4.84 

Clinic 
Room2 

HWCF06 600 3.63 Class2 HWCF10 1000 6.10 

Clinic 
Room3 

HWCF06 600 3.63 Class3 HWCF08 800 4.84 

Clinic 
Room4 

HWCF06 600 3.63 Staff  Room HWCF12 1200 7.23 

Multisensory 
Room 

HFCA14 1400 12.20 
Meeting 
Room 

HWCF08 800 4.84 

Intervention 
Room 

HWCF10 2000 6.10 Adminstration HWCF06 600 3.63 

Waiting 
Room 

HFCA14 1400 12.20 
Secretsry and 
waiting area 

HWCF08 800 4.84 

Lobby - - - Pantry - - - 

- - - - Lobby HFCA12 1200 10.93 

Total 0 6600 51.12 total 0 7200 47.25 

Table (4.8): Second and Third floors indoor units water flow rate. 

Second 

Floor 
   

Third 

Floor 
   

Space 

Indoor 

unit 

code# 

Indoor 

unit air 

flow 

CFM 

Indoor 

unit 

air 

flow 

CFM 

Space 

Indoor 

unit code 

# 

Indoor 

unit air 

flow 

CFM 

Wate

r flow 

rate 

GPM 

Music 
Room 

HWCF08 800 4.84 
Meeting 
Room 

HWCF10 1000 6.10 

LD Room HWCF12 1200 7.23 
Admin 
Office1 

HWCF08 800 4.84 

Art Room HWCF12 1200 7.23 
Admin 
Office2 

HWCF06 600 3.63 

Library HWCF08 800 4.84 
Admin 
Office3 

HWCF06 600 3.63 

Resource 
and 

Service 
HWCF03 300 1.83 

Admin 
Office4 

HWCF08 800 4.84 

Lobby HFCA12 1200 10.93 
Research 

Room 
HWCF06 600 3.63 

Pantry - - - Lobby HFCA12 1200 10.93 

- - - - Pantry - - - 

total 0 5500 36.9 Total 0 5600 37.6 
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Table (4.7) shows ground and first floors indoor units' water flow 

rate, while table (4.8) shows second and third floors indoor units water 

flow rate. 

Ground floor water flow rate = 51.00 GPM  

First floor water flow rate = 47.00 GPM 

Second floor water flow rate = 37.00 GPM 

Third floor water flow rate = 37.00 GPM 

Total water flow rate = Ground floor water flow rate + First floor water 

flow rate + Second floor water flow rate + Third floor water flow rate =  

51.00 + 47.00 + 37.00 + 37.00 = 173.00 GPM. 

Primary pump (constant volume) for circulating chilled water 

through outdoor unit is operating with constant speed within chiller loop. 

To select primary pump, total head was calculated as following: 
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Table (4.9): Primary pump total head calculations 

Description 
Flow 

(GPM) 

Equivalent 

length 

Head 

loss 

Total 

head m 

4" flexible connector 172.8 67 0.0015 0.201 

straight pipe 172.8 12 0.0015 0.036 

tee 4"x3"x4" 172.8 7 0.0015 0.021 

tee 4"x3"x4" 172.8 7 0.0015 0.021 

elbow 4" 172.8 3.5 0.0015 0.011 

elbow 4" 172.8 3.5 0.0015 0.011 

4" CHILLER STRAINER 172.8 20 0.0015 0.060 

4" BUTTER FLY valve 172.8 40 0.0015 0.120 

4" BUTTER FLY valve 172.8 40 0.0015 0.120 

4" DRV 172.8 40 0.0015 0.120 

PUMP VALVE 172.8 40 0.0015 0.120 

PUMP STRAINER 172.8 20 0.0015 0.060 

PUMP FLEXIBLE CONN 172.8 70 0.0015 0.210 

PUMP STRAINER 172.8 20 0.0015 0.060 

DROP DURING CHILLER 172.8 
  

2.700 

According to Table (4.9), Total fittings head = 3.9 m 

By adding Factor of Safety of 15%, and residual pressure (5 m). 

Total Head (primary pump) = 9.5 m  

Note: fittings equivalent length table available within the Index. 

Primary pump water flow rate equal to the sum of (GF, 1st, 2nd, 3rd) 

floors water flow rate.  

Primary pump water flow rate = 172.8 GPM. 

Figure (4.6) shows both primary and secondary pumps installation 

over the roof and also shows the design data. 
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Both primary and secondary pumps were selected based on two 

parameters (Flow 'GPM', Head 'm'):  

Primary pump: Flow = 172 GPM, Head = 9.5 m  

Secondary pump: Flow = 172 GPM, Head = 12.2 m 
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Figure (4.5): Primary and secondary pumps installation  
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These data were sent to the available pumps market in West bank, 

and we got the best offer from KSB Company sales engineer as shown in 

figure (4.7) for primary pumps, and figure (4.8) for secondary pumps.  

1- 2x Inline primary pumps with actual flow rate = 43.31 m3/h, actual Head 

= 14.65m, and serial number = 065-065-250-GG.  

2- 2x Inline secondary pumps with actual flow rate = 39.41 m3/h, actual 

Head = 9.22m, and serial number = 065-065-160-GG. 

Note: official request available at the appendix. (Appendix 7) 

 

Figure (4.7): Primary pump specification. [Appendix 8] 
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Figure (4.8): Secondary pump specification. [Appendix 9] 

4.2 Air to water chiller system Electrical consumption 

Outdoor unit, indoor units, and both primary and secondary pumps 

are the main components that consume the large amount of electricity in air 

cooled system. 

The main component within the outdoor unit system that consumes 

the most amount of energy is the compressor, but indoor units fans 

consumes the largest amount, while in the primary and secondary pumps 

the impellers need the most energy input when it converted to torque. 

- Outdoor units 

Relating to manufacturer catalogue for outdoor unit CGAF-C60; one 

outdoor unit was chosen as shown in figure (4.1), the electrical 

consumption equal to 56.8 kW, and EER equal to 13. (Appendix 5) 
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*Assuming that operating hours per year = 700 hours [ 8 hours/day X 22 

days/month X 4 months /year ] 

By applying equation (1) Annual energy consumption = over all 

electrical consumption X Total operation hours per year …Eq(3.1) 

Annual energy consumption = 56.8 kW X 700 hrs = 39760 kWh 

- Indoor units 

Indoor units distributed inside ANCI floors are divided into two 

types; one is ductable type, and the others are decorative type.  

Figure (4.9) shows full electrical description for ducted indoor units 

from the main manufacturer catalogue. While figure (4.10) shows full 

electrical description for decorative type based on Trane manufacturer 

catalogue.  
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Figure (4.9): Trane Electrical details for ducted indoor units HFCA. (Appendix 5) 

 

Figure (4.10): Trane Electrical details for Decorative indoor units HFCE. 

[Appendix7] 
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Table (4.10): Ground floor indoor units with electrical specification. 

 
Ground 

Floor 
        

Space 
Area 

m
2
 

Load 

kW 

indoor 

unit type 

indoor 

units 

# 

total 

load 

kW 

Indoor 

unit 

code# 

Indoor 

unit 

air 

flow 

CFM 

Water 

flow 

rate 

GPM 

Motor 

power 

Watt 

Clinic 
Room1 

14.60 4.20 decorative 1 4.20 HFCE06 600 3.63 47 

Clinic 
Room2 

15.00 4.20 decorative 1 4.20 HFCE06 600 3.63 47 

Clinic 
Room3 

12.25 4.20 decorative 1 4.20 HFCE06 600 3.63 47 

Clinic 
Room4 

12.25 4.20 decorative 1 4.20 HFCE06 600 3.63 47 

M
u

lt
is

en
s

o
ry

 R
o

o
m

 

40.40 16.50 ductable 1 16.50 HFCA14 1400 12.20 317 

In
te

rv
en

ti

o
n

 R
o

o
m

 

45.30 4.20 decorative 2 8.40 HFCE10 2000 12.20 162 

Waiting 
Room 

28.00 16.50 ductable 1 16.50 HFCA14 1400 12.20 317 

Lobby 4.60 0 ductable 0 0 - - - - 

Total 172.40 54   58.20 0 7200 51.12 984 
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Table (4.11): First floor indoor units with electrical specification. 

        
First 

Floor  

Motor 

power 

Watt 

Water 

flow 

rate 

GPM 

Indoor 

unit 

air 

flow 

CFM 

Indoor 

unit 

code# 

total 

load 

kW 

indoor 

units # 

indoor 

unit type 

Load 

kW 

Area 

m
2
 

Space 

59 4.84 800 HFCE08 6.62 1 decorative 6.62 23.00 Class1 

162 6.10 1000 HFCE10 7.70 1 decorative 7.70 26.10 Class2 

59 4.84 800 HFCE08 7.20 1 decorative 7.20 24.60 Class3 

186 7.23 1200 HFCE12 10.60 1 decorative 10.60 35.40 
Staff 
Room 

59 4.84 800 HFCE08 5.70 1 decorative 5.70 21.60 
Meeting 
Room 

47 3.63 600 HFCE06 5.10 1 decorative 5.10 17.40 

A
d

m
in

is
tr

at
io

n
 

59 4.84 800 HFCE08 5.80 1 decorative 5.80 17.50 

S
ec

re
ta

ry
 

an
d

 w
ai

ti
n

g
 

ar
ea

 

- - - - 0 0 ductable 0 4.60 Pantry 

250 10.93 1200 HFCA12 12.5 1 ductable 12.5 63 Lobby 

881 47.25 7200 0 61.22 
  

61.22 233.2 total 
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Table (4.12): Second floor indoor units with electrical specification. 

        

Second 

Floor  

Motor 

power 

Watt 

Water 

flow 

rate 

GPM 

Indoor 

unit 

air 

flow 

CFM 

Indoor 

unit 

code# 

total 

load 

kW 

indoor 

units 

# 

indoor unit 

type 

Load 

kW 
Area m

2
 Space 

59 4.84 800 HFCE08 6.20 1 decorative 6.20 23.00 
Music 
Room 

186 7.23 1200 HFCE12 9.50 1 decorative 9.50 31.90 
LD 

Room 

186 7.23 1200 HFCE12 9.50 1 decorative 9.50 31.70 
Art 

Room 

59 4.84 800 HFCE08 6.00 1 decorative 6.00 20.60 Library 

13 1.83 300 HFCE03 2.90 1 decorative 2.90 19.40 
Resource 

and 
Service 

250 10.93 1200 HFCA12 12.50 1 ductable 12.50 63.00 Lobby 

- - - - 0 1 ductable 0 4.60 Pantry 

753 36.9 5500 0 46.6 
  

46.6 194.2 total 

 

Table (4.13): Third floor indoor units with electrical specification. 

        

Third 

Floor  

Motor 

power 

Watt 

Water 

flow 

rate 

GPM 

Indoor 

unit 

air 

flow 

CFM 

Indoor 

unit 

code# 

Total 

load 

kW 

Indoor 

units # 

Indoor 

unit type 

Load 

kW 

Area 

m
2
 

Space 

162 6.10 1000 HFCE10 8.30 1 decorative 8.30 28.40 
Meeting 
Room 

59 4.84 800 HFCE08 5.70 1 decorative 5.70 19.60 
Admin 
Office1 

47 3.63 600 HFCE06 5.10 1 decorative 5.10 17.50 
Admin 
Office2 

47 3.63 600 HFCE06 5.10 1 decorative 5.10 17.50 
Admin 
Office3 

59 4.84 800 HFCE08 5.70 1 decorative 5.70 19.40 
Admin 
Office4 

47 3.63 600 HFCE06 4.80 1 decorative 4.80 16.30 
Research 

Room 

250 10.93 1200 HFCA12 12.50 1 ductable 12.50 63.00 Lobby 

- - - - 0 0 ductable 0 4.60 Pantry 

671 37.60 5600 0 47.20 
  

47.20 186.30 Total 
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Indoor unit's electrical consumption for all floors was calculated 

Related to tables (4.9, 10, 11, and 4.12) as following: 

Total electrical consumption at ANCI for Indoor units = GF 

electrical consumption + 1st electrical consumption + 2nd electrical 

consumption + 3rd electrical consumption = 984 + 881 + 753 + 671 = 3289 

Watts 

*Assuming that operating hours per year = 700 hours [ 8 hours/day 

X 22 days/month X 4 months /year ] 

By applying equation (1) Annual energy consumption = over all 

electrical consumption X Total operation hours per year …Eq(3.1) 

Annual energy consumption (Indoor units) = 3.289 kW X 700 Hrs = 

2302 kWh 

-Pumps (Primary and secondary) 

Related to KSB official offer for both primary and secondary pumps 

shown in figure (4.7), and figure (4.8). Appendix (Appendix 8) 

The electrical consumption as the following: 

1- Inline primary pump (065-065-250-GG) with electrical consumption = 

1.33 kW. 

2-Inline secondary pump (065-065-160-GG) with electrical consumption = 

2.46 kW. 
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*Assuming that operating hours per year = 700 hours [ 8 hours/day 

X 22 days/month X 4 months /year ] 

By applying equation (1) Annual energy consumption = over all 

electrical consumption X Total operation hours per year …Eq(3.1) 

Annual energy consumption (Primary pump) = 1.33 kW X 700 Hrs     

= 931 kWh 

Annual energy consumption (Secondary pump) = 2.46 kW X 700 

Hrs     = 1722 kWh  

- Primary and Secondary pumps: 

Total power consumed (Primary plus secondary)= 1.33 + 2.46 =  3.79 kW 

*Assuming that operating hours per year = 700 hours [ 8 hours/day 

X 22 days/month X 4 months /year ] 

By applying equation (3.1) Annual energy consumption = over all 

electrical consumption X Total operation hours per year …Eq(3.1) 

Annual energy consumption (Primary plus secondary pumps) 

 = 3.79 X 700 = 2653 kWh 
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Chapter Five 

Economic comparison between VRF  

and Air to water chiller system 

5.1 VRF economical part 

In this section all system parts economically studied, Indoor units, 

outdoor units, piping system, ducts, and monitoring system. 

Every system part has its own capital cost and there is some parts 

which time depending have running cost. 

Economical study was carried out along 20 years, and all prices 

according to manufacturer official prices (Toshiba). (Appendix 1) 

- Capital costs of outdoor units for VRF system 

GF and 1st Floors served by one outdoor unit of 42HP heat pump 

capacity with capital cost = 22370 $. 

2nd and 3rd floors served by one outdoor unit of 32HP heat pump 

capacity with capital cost = 19740 $. 

- Running cost of outdoor units for VRF system 

- Considering that the electrical cost of 1 kWh (grid supplied) = 0.17 $ 

 (3 Phase). 

42HP heat pump in summer power input (40.50) kW 

32HP heat pump in summer power input (28.60) kW 
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according to the assumption of operating hours = 700 hours.  

Overall energy consumption by 42HP and 32HP outdoor unit during the 

year = 28350 + 20020= 48370 kWh/year. 

And a total running cost of = 48370 X 0.6 = 29022 NIS/year = 8292 

$/year 

- Capital cost of indoor units for VRF system 

Related to figure (3.5) and figure (3.6), we got 33 indoor units at 

ANCI building and referring to the official offer for VRF indoor unit price, 

the total capital cost for 33 indoor units equal = 36214 $.  

Note: Official offer for indoor unit price available within the (Appendix 2). 

- Running cost of indoor units for VRF system 

GF and 1st floors indoor units power consumption = (1x 0.172 + 2x 

0.198 + 5 x 0.043 + 6 x 0.043 + 3 x 0.05 = 1.191 kW) 

GF and 1st floors indoor units energy consumption= power 

consumption kW X operation hours per year = 1.191 X 700 = 833.00 

kWh/year 

By applying equation (3.3): 

Running cost of GF and 1st floors indoor units = Energy consumption 

per year X unit price of kWh =833.7 X 0.6/3.5 = 142 $/year. 
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2nd and 3rd floors indoor units power consumption = (2 x 0.172 + 1 x 

0.021 + 6 x 0.043 + 7 x 0.043) = 0.924 kW. 

By applying equation (3.3): 

2nd and 3rd floors indoor units energy consumption= power 

consumption kW X operation hours per year = 0.924 X 700 =            646.8 

kWh/year. 

Running cost of 3rd and 2nd floors indoor units = Energy consumption 

per year X unit price of kWh =646.00 X 0.60 =  112 $/year . 

Total capital cost of (VRF- 42HP and 32HP heat pumps) =                                   

22370 + 19740 = 42110 $. 

- Total capital cost for (VRF 33 indoor units) equal = 36214 $. 

- Total running cost of (VRF Out door units) per year =  8292 $/year 

- Total running cost of ( VRF Indoor units) per year =142 + 112 =  

254 $/year 

-Piping network capital cost for VRF system: 

The pipes used at ANCI building network was made of isolated 

copper, the pipes network was designed to cover all zones and serving all 

desired spaces. 

Table (5.1) shows the full description of pipes network at ANCI 

building project with all pipes dimension and capital costs.\ 
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Table (5.1): Pipes network dimensions and capital costs. 

Pipe Diameter 

inch 

Total 

Lenghth m 

Unit Price 

$/m 

Total unit 

lenghth price $ 

1/4'' 50.50 1.50 75.75 

3/8'' 50.50 2.30 119.00 

1/2'' 72.00 3.00 219.00 

5/8'' 60.50 4.40 268.00 

3/4'' 18.50 5.80 108.00 

7/8'' 36.50 8.30 303.00 

1 1/8'' 24.00 8.30 199.00 

1 3/8'' 16.50 11.10 183.00 

1 5/8'' 24.00 14.70 353.00 

Every pipe branch has its own dimensions in inches, the capital cost 

of pipes is depending on the dimension of the pipe section so that every 

pipe diameter has its own capital cost as clear in table (5.1). 

[Based on local market prices 2017] 

Total capital cost of pipes network = ∑ (Ln X Pn) … Eq (5.1) 

Where:  

n: Pipe diameter  

Ln: Total length of pipe diameter n 

Pn: Unit price of pipe diameter n 

By applying equation (5.1):  

Total capital cost of pipes network = 1830 $. 

Table (5.2) shows all VRF system capital and running costs for all 

system parts. 
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Table (5.2): VRF system parts capital and running costs. 

 VRF system  

Part name Fixed cost $ Running cost $ 

Outdoor units 42110 8292 

Indoor units 36114 254 

Piping system 1830 0 

Total 80054 8564 

The total Capital Cost of VRF parts = 80054 $.  

The total running cost of VRF parts = 8564 $. 

- Degree Days Method (DD)   

- Using Degree Days method (DD) to find the real operating hours for the 

air conditioning system = Average summer months temperatures – (System 

temperature on-off) = 28.09 – 18.3 = 9.79 Co [Appendix 13] 

Energy consumption E (By degree days method)= Pcooling X 8 

hours/day X DDo X Cv / Ti - To  … Eq(5.2)  [16].    

Where: Pcooling = Air conditioning system power consumption kw 

Cv: Correction factor = 0.77 [16]  

Ti: Desire inside temperature, To: Desire outside temperature 

E = 71.2 kW X 8h/day X 24Day/month X 9.79 X 0.77/ (35-24) =  

37473 kwh /summer season 

Running cost according to DD method = 37473 kWh X 0.17$/kWh= 

6424 $/season  
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5.2 Chiller air to water system economical part 

Economical part was studied for all air cooled parts, and the study 

covered both capital costs and running costs for every part in air cooled 

system such as outdoor unit, indoor units. 

Every system part has its own capital cost and there is some parts 

which is time depending have running cost. 

Economical study was carried out along 20 years, and all prices 

according to manufacturer official prices (Daikin). (Appendix 10) 

 

Figure (5.1): Air cooled system quotation for indoor and outdoor units.  

[Appendix 10] 

- Capital costs of Outdoor units for Air cooled system 

GF, 1st ,2nd, and 3rd Floors served by one outdoor unit of 61.4 Tons 

capacity, and relating to figure(4.13) the capital cost = 47518 $ 
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- Running costs of Outdoor units for Air cooled system 

- Considering that the electrical cost of 1 kWh (grid supplied) = 0.6 NIS (3 

Phase). 

- With an assumption of 700 hours operation time (8h/day – 22 day/month    

4months/year) 

61.4 Tons Chiller power input (56.8 ) kWh, and EER equal to 13. 

By assuming that operating hours per year = 700 hours 

By applying equation (3.1) Annual energy consumption = over all 

electrical consumption X Total operation hours per year …Eq(3.1) 

Annual energy consumption = 56.8 kW X 700 Hrs = 39760 kWh 

Running cost of 61.4 Tons outdoor unit per year = overall energy 

consumption kWh/year X 1 kWh cost … Eq(3.3) 

39760 X 0.6/3.5 = 6816 $/year 

- Capital costs of indoor units for Air cooled system 

Related to tables (5.3, 5.4 , 5.5 , 5.6), we got 30 indoor units at ANCI 

building spreading air into spaces, referring to the official offer for indoor 

unit quotation, the total capital cost for 30 indoor units equal = 41906 $ = ( 

31870 $. 

After discount made by the manufacturer sales engineer). 

Note: Official offer for indoor unit price available within (Appendix10). 
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Table (5.3): Ground floor indoor units with electrical specification and 

unit prices for air to water chiller system. 

       

Ground 

Floor 

Total 

Price  

$ 

Unit 

Price 

$ 

Motor 

power 

Watt 

Indoor 

unit 

air 

flow 

CFM 

Indoor 

unit 

code# 

indoor 

units # 

indoor 

unit type 
Space 

916 916 47 600 HFCE06 1 decorative Clinic Room1 

916 916 47 600 HFCE06 1 decorative Clinic Room2 

916 916 47 600 HFCE06 1 decorative Clinic Room3 

916 916 47 600 HFCE06 1 decorative Clinic Room4 

2706 2706 317 1400 HFCA14 1 ductable 
Multisensory 

Room 

1832 916 162 1000 HFCE10 2 decorative 
Intervention 

Room 

2706 2706 317 1400 HFCA14 1 ductable 
Waiting 
Room 

- - - - - 0 ductable Lobby 

10908 9992 984 6200 0 
  

Total 

Table (5.4): First floor indoor units with electrical specification and 

unit prices for air to water chiller system. 

       
First Floor 

Total 

Price  

$ 

Unit 

Price 

$ 

Motor 

power 

Watt 

Indoor 

unit 

air 

flow 

CFM 

Indoor 

unit 

code# 

indoor 

units 

# 

indoor 

unit type 
Space 

1234 1234 59 800 HFCE08 1 decorative Class1 

1392 1392 162 1000 HFCE10 1 decorative Class2 

1234 1234 59 800 HFCE08 1 decorative Class3 

1512 1512 186 1200 HFCE12 1 decorative Staff Room 

1234 1234 59 800 HFCE08 1 decorative Meeting Room 

1234 1234 47 600 HFCE06 1 decorative Adminstration 

1234 1234 59 800 HFCE08 1 decorative 
Secretsry and 
waiting area 

- - - - - 0 ductable Pantry 

2706 2706 250 1200 HFCA12 1 ductable Lobby 

11780 11780 881 7200 0 
  

total 
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Table (5.5): Second floor indoor units with electrical specification and 

unit prices for air to water chiller system. 

       
Second Floor 

Total 

Price  

$ 

Unit 

Price 

$ 

Motor 

power 

Watt 

Indoor 

unit air 

flow 

CFM 

Indoor 

unit 

code# 

indoor 

units # 

indoor 

unit type 
Space 

1234 1234 59 800 HFCE08 1 decorative Music Room 

1512 1512 186 1200 HFCE12 1 decorative LD Room 

1512 1512 186 1200 HFCE12 1 decorative Art Room 

1234 1234 59 800 HFCE08 1 decorative Library 

752 752 13 300 HFCE03 1 decorative 
Resource and 

Service 

2706 2706 250 1200 HFCA12 1 ductable Lobby 

- - - - - 1 ductable Pantry 

8950 8950 753 5500 0 
  

total 

Table (5.6): Third floor indoor units with electrical specification and 

unit prices for air to water chiller system. 

Third 

Floor 
       

Space 
Indoor 

unit type 

Indoor 

units # 

Indoor 

unit 

code# 

Indoor 

unit air 

flow 

CFM 

Motor 

power 

Watt 

Unit 

Price 

$ 

Total 

Price  

$ 

Meeting 
Room 

decorative 1 HFCE10 1000 162 1392 1392 

Admin 
Office1 

decorative 1 HFCE08 800 59 1234 1234 

Admin 
Office2 

decorative 1 HFCE06 600 47 1234 1234 

Admin 
Office3 

decorative 1 HFCE06 600 47 1234 1234 

Admin 
Office4 

decorative 1 HFCE08 800 59 1234 1234 

Research 
Room 

decorative 1 HFCE06 600 47 1234 1234 

Lobby ductable 1 HFCA12 1200 250 2706 2706 

Pantry ductable 0 - - - - - 

Total   0 5600 671 10268 10268 
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- Running costs of Indoor units for Air cooled system 

Total power consumption by Indoor units at ANCI = GF power 

consumption + 1st power consumption + 2nd power consumption +    3rd 

power consumption = 984 + 881 + 753 + 671 = 3289 Watts 

*With an assumption of operating hours per year = 700 hours 

8 hours/day X 22 days/month X 4 months/year 

By applying equation (3.1) Annual energy consumption = over all 

electrical consumption X Total operation hours per year …Eq(3.1) 

Annual energy consumption = 3.289 KW X 700 Hrs = 2302 kWh 

By applying equation (3.3): 

Running cost of GF, 1st, 2nd and 3rd floors indoor units = Energy 

consumption per year X unit price of kWh =2302 X 0.6 = 394 $/year. 

- Capital cost for Air cooled system pumps 

Air cooled system got two pump lines, one is primary with two 

pieces in parallel and the other line is secondary with two pieces in parallel 

also. So the capital cost was taken for all pumps in air cooled system, four 

pumps, two are online, and the others are standby. 

Related to figure (5.2), primary and secondary pumps capital cost 

was calculated as the following: 
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Capital cost for two primary pumps = 7400 $ 

Capital cost for two primary pumps = 9240 $ 

Running cost for primary pump was calculated based on one pump 

only since the other primary pump will be offline and doesn’t absorb 

energy. 

Related to KSB official offer for both primary and secondary pumps 

shown in figure (4.11), and figure (4.12). The electrical consumption as the 

following: 

1- Inline primary pump (065-065-250-GG) with electrical consumption = 

1.33 kW. 

2-Inline secondary pump (065-065-160-GG) with electrical consumption = 

2.46 kW. 

- Assuming that the operating hours per year = 700 hours 
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Figure (5.2): Primary and secondary pumps official quotation. [Appendix 11] 

By applying equation (3.1) Annual energy consumption = over all 

electrical consumption X Total operation hours per year …Eq(3.1) 

Annual energy consumption (Primary pump) = 1.33KW X 700 Hrs = 

931 kWh 

Annual energy consumption (Secondary pump) = 2.46 kW X 700 

Hrs = 1722 kWh  

- Primary and Secondary pumps: 

Total power consumed (Primary plus secondary)= 1.33 + 2.46 =  

3.79 kW 
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Assuming that the operating hours per year = 700 hours 

By applying equation (3.1) Annual energy consumption = over all 

electrical consumption X Total operation hours per year …Eq(3.1) 

Annual energy consumption (Primary and secondary) = 3.79 X 700 

= 2653 kWh 

By applying equation (3.3): 

Running cost of Primary and secondary pumps (online pumps only) 

=                          Energy consumption per year X unit price of kWh =2653 

X 0.6/3.5 =  455 $/year. 

- Duct work capital cost for Air cooled system: 

Ducts was designed to cover all zones with different dimensions 

spreading cooled air all over desired spaces. 

Isolated rectangular duct was chosen in ANCI building project, and 

all duct branches quantities was measured in order to find to capital cost. 

Table (5.7) shows the full description of all rectangular dimensions and 

costs. 
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Table (5.7): Duct work dimension and costs all over ANCI building. 

ITEM 

NO. 

 
Duct size Duct area = {(H+W)x2}L Unit 

Price 

$ 
qty 

Width Height Length Surface Area 
  

(mm) (mm) (mm) (m
2
) type 

1 3 350 300 5000 19.50 isolated 594 

2 3 250 250 5000 15.00 isolated 457 

3 3 500 300 5500 26.40 isolated 805 

4 3 350 300 8500 33.15 isolated 1011 

5 3 500 300 2000 9.60 isolated 292 

6 2 350 200 10000 22.00 isolated 671 

7 2 250 200 4000 7.20 isolated 219 

8 1 500 300 3500 5.60 isolated 170 

9 1 350 200 5000 5.50 isolated 167 

10 2 250 200 7000 12.60 isolated 384 

11 1 600 350 5000 9.50 isolated 289 

12 1 300 200 7000 7.00 isolated 213 

13 1 350 300 7500 9.75 isolated 297 

14 1 350 200 9000 9.90 isolated 301 

Related to table (5.7) the area of duct was calculated using equation 

Duct area = [ ( High + Width) x 2] x Length … Eq (5.3). 

The cost of 1 m2 area of isolated duct = 30.5 $. [Based on local 

market prices 2017] 

Total capital cost of isolated ducts = Total area of isolated duct                 

m2 X price of 1 $/m2 of isolated duct … Eq (5.4). 

All unit prices was calculated and then the summation was found. 

Total duct work capital cost = 5877 $. 

Table (5.8) shows all Air cooled system capital and running costs for 

all system parts. 

 



109 

Table (5.8): Air cooled system parts capital and running costs. 

 
Air cooled 

system 
 

Part name Fixed cost $ Running cost $ 

Outdoor units 47518 6816 

Indoor units 31870 394 

Duct work 5877 0 

Pumps 16640 455 

Total 101905 7665 

The total Capital Cost of VRF parts = 101905 $.  

The total running cost of VRF parts = 7665 $. 

-Degree Days Method (DD)   

- Using Degree Days method (DD) to find the real operating hours for the 

air conditioning system = Average summer months temperatures – (system 

temperature on-off) = 28.09 – 18.3 = 9.79 Co [Appendix 13] 

Energy consumption E ( Degree Days Method)= Pcooling X 8 

hours/day X DDo X Cv / Ti - To  …Eq(5.2)  [16] 

Where: Pcooling = Air conditioning system power consumption kw 

Cv: Correction factor = 0.77 [16]  

Ti: Desire inside temperature, To: Desire outside temperature 

E = 63.87 kw X 8h/day X 24Day/month X 9.79 X 0.77/ (35-24) = 33615 

kwh /summer season 

Running cost according to DD method = 37473 kWh X 0.17$/kWh= 

5714 $/season 
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5.3 Economical comparison between VRF and Air cooled air systems 

using Degree Days Method (DD cooling). 

Based on all calculations performed in previous chapters, the final 

comparison between the two air conditioning systems (VRF, Air cooled) be 

based on the economical calculations (Present worth PW). 

Economic analysis were done in order to use them in present worth 

calculation. Capital cost, running cost, selvage cost, and maintenance cost 

for every system were calculated as following: 

- Capital costs were calculated in previous chapters for both systems, and 

the same was done for running cost.  

- Running costs related to Degree Days (DDcooling) method were taken. 

- Selvage value was taken in both air conditioning systems as a fixed 

percentage for every system capital cost, this percentage equal 6%. 

Selvage value = Capital Cost X 0.06 … Eq(5.4) 

Selvage value (Air cooled) = 101905 X 0.06 = 6114 $. 

Selvage value (VRF) = 80054 X 0.06 = 4803 $. 

- Maintenance cost was taken as 5% percentage for every system fixed cost 

as following: 

Maintenance cost = Fixed cost X 0.05 …Eq(5.6) 

Maintenance cost (Air cooled) = 101905 X 0.05 = 5095 $. 



Maintenance cost (VRF)

In order to calculate the present worth PW for both air conditioning

systems discussed, cash flow should be designed first. By using an interest 

rate of 10% and a life time of 

mechanical system. Figure (

air cooled and VRF air condi

Figure (5.3): VRF air conditioning system cash flow.

Figure (5.4): Air Cooled air conditioning system cash flow.
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(VRF) = 80054 X 0.05 = 4002 $. 

In order to calculate the present worth PW for both air conditioning

systems discussed, cash flow should be designed first. By using an interest 

 and a life time of 15 years which is the average life time of any 

mechanical system. Figure (5.3) and figure (5.4) shows the cash flow for 

air cooled and VRF air conditioning system. 

): VRF air conditioning system cash flow. 

): Air Cooled air conditioning system cash flow. 

In order to calculate the present worth PW for both air conditioning 

systems discussed, cash flow should be designed first. By using an interest 

 years which is the average life time of any 

) shows the cash flow for 
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Present Worth (PW) = -Capital Cost –[ ( Maintenance cost + 

Running cost) X ( P/A, i, n)] + [ Salvage value X ( P/F, i , n ) ] … Eq(5.7) 

The factors (P/F and P/A) was found relating to reference [14].  

Also available in (Appendix 12). 

PW1( VRF system) = - 80054 – (4002+ 6424) X (P/A, 10% , 15) 7.606 + 

4803 X (P/F, 10% , 15) 0.2394 = - 158,204 $ 

PW2 (Air Cooled system) = - 101905 – (5095 + 5714 ) X ( P/A, 10% , 15 ) 

7.606  + 6114 ( P/F , 10% , 15) 0.2394   =  -182,654 $ 

Present worth for both air conditioning systems was done using 

equation (5.3) and using Degree Days (DDcooling) method, it is clear that the 

present worth PW for Air Cooled is less than PW for VRF system. And by 

the rule of present worth formula '' less negative is more feasible''. So that 

the VRF air conditioning system is more feasible than the Air cooled 

system proofed by present worth economical test. [13] 
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Chapter Six 

Conclusion and Recommendation 

6.1 Conclusion 

This research main objective was making a full comparison between 

two air conditioning systems at an educational building ANCI  (An-Najah 

child institute), one of these systems was VRF (Variable refrigerant flow) 

and the other was Chiller Air to water (Air cooled).   Full design was made 

for both systems including outdoor units, indoor units, piping network, and 

duct work based on cooling load for ANCI building. The comparison was 

made based on electrical consumption for every system component, and 

economically based on present worth value for each air conditioning 

system to find which is more feasible and can conserve more energy than 

the other to choose it as the suitable air conditioning system at ANCI 

building. 

The design of VRF and Air cooled systems were made based on 60 

TR cooling load at ANCI building calculated by air conditioning program 

HAP 4.6. VRF system consists of two outdoor units; one was 42HP and the 

other was 32HP to serve all zones. While Air cooled system consists of one 

outdoor unit with 61 TR. 

For the VRF system 33 indoor units were selected, where the number 

of indoor units was 30 units for the air cooled system. Some of the air 

cooled indoor units were ducted, and the others were high wall mounted. 

Every type got its own description and so its energy consumption. As a 
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result; the seasonal energy consumption for those which belongs to VRF 

was (1480 kWh) while for Air cooled system was (2302 kWh) based on an 

assumption of 700 working hours, and it is clear that the amount of energy 

consumption by indoor units in Air cooled system is larger than VRF 

system. Figure (6.1) shows a simple comparison between two air 

conditioning systems VRF and Air cooled by their main components. As 

we can see the amount of energy consumed by Air cooled system 

components is larger and there is an extra source of energy consumption 

within this system which is the chilled water pumps (Primary and 

Secondary pump), that add an additional amount of energy consumption to 

Air Cooled system. 

 

Figure (6.1): Energy consumption comparison between VRF and Air cooled air 

conditioning systems. 

More energy consumption means more cost, relating to figure (6.1) 

the outdoor unit of VRF system consumes more energy than Air cooled 

system and that means VRF outdoor system will pay much more money 
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than Air cooled system for electricity per year. As a result the total annual 

energy consumption by all mechanical and electrical components including 

outdoor units, indoor units, and pumps in VRF system = (49850 

kWh/year), while in Air cooled system = (44715 kWh/year) based on an 

assumption of 700 working hours. Figure (6.2) shows the fixed costs for 

indoor units, outdoor units, piping network, duct work, and pumps for both 

air conditioning systems (VRF and Air cooled). The total fixed cost of VRF 

system equal (80054 $), and the total fixed cost of Air cooled system is 

equal (101905 $). It is clear that the fixed cost of Air cooled system more 

than VRF system with around (21851 $) difference. 

 

Figure (6.2): VRF and Air Cooled system components fixed costs. 

Figure (6.3) shows both air conditioning systems components 

running costs. For outdoor units installed to Air cooled system the running 

cost was   (6626 $) while the running cost for outdoor units installed to 

VRF was (8061 $). Indoor units running cost for Air cooled system equal 
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to (1381 $), and for VRF system was (247 $). Finally the pumps which is 

exclusive for Air cooled system, the running cost was about (1591 $) all 

results depending on an assumption of 700 working hours. 

 

Figure (6.3): VRF and Air cooled system components running costs. 

Based on Degree Days (DDcooling) method; the results show that the 

total running cost of Air cooled system equal to (5714 $), and for VRF 

system equal to (6424 $). 

Total fixed cost and total running cost for Air cooled system are 

much higher than VRF system. In order to find which one is more feasible; 

present worth value was calculated for both air conditioning systems. 

Present worth value for VRF air conditioning system equal (-158204 

$) based on DDcooling method, and for Air cooled air conditioning system 

equal to (-182654 $) relating to equation (5.3) and based on DDcooling 
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equation (5.2). Since PW1( VRF system)  is less negative than PW2 (Air Cooled system) 

this means that the VRF system is more feasible than Air cooled system to 

install and use this system at ANCI building to cover all desired spaces. 

Present Worth (PW) = -Capital Cost –[ ( Maintenance cost + 

Running cost) X ( P/A, i, n)] + [ Salvage value X ( P/F, i , n ) ] … Eq (5.6) 

The factors (P/F and P/A) was found relating to reference [14]. Also 

available in the Appendix (C). 

PW1( VRF system) = - 80054 – (4002+6424) X (P/A, 10% , 15) 7.606 + 

4803 X (P/F, 10% , 15) 0.2394 = - 158,204 $ 

PW2 (Air Cooled system) = - 101905 – (5095 + 5714 ) X ( P/A, 10% , 15 ) 

7.606  + 6114 ( P/F , 10% , 15) 0.2394   =  -182,654 $ 

6.2 Recommendation 

Although this research got many applicable and accurate results and 

conclusions, it might be more accurate and better and can be improved. 

There a lot of suggestions and recommendations can be performed to 

improve the results and were not possible to perform and accomplish 

during one year of work within this research. 

Using better and stronger software for air conditioning design like 

(Revit), this program can do heating and cooling loads easily, and can do 

all mechanical calculations on building plans with two dimensions and 

three dimensions. Selection of outdoor units and indoor units can easily 
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accomplished by Revit, because this program offer many international 

manufacturers and brands for every air conditioning system components. 

Finally this program can do all piping and ducts networks easily and 

accurately and by this way we can save a lot of time and money too. 

For future work, one can make some energy conservation to both air 

conditioning systems (VRF, Air cooled), as mentioned in the first two 

chapters shading one of many ways to conserve energy and save energy 

and money. Another way for energy saving is scheduling as mentioned in 

chapter two. It is recommended to be added to research calculations and 

find results after energy saving, and after that find the net between the 

result before saving and results after saving. 
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Appendix (2) 

VRF indoor units catalogues 
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Appendix (3) 

VRF piping system 
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Appendix (4) 

VRF system official offers 
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Appendix (5) 

Air cooled outdoor unit's catalogues 
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Appendix (6) 

Air cooled indoor unit's catalogues (Concealed type) 
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Appendix (7) 

Air cooled indoor unit's catalogues (Ducted type) 
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Appendix (8) 

Air Cooled Primary Pump Catalogues 
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Appendix (9) 

Air Cooled Secondary Pump Catalogues 
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Appendix (10) 

Air Cooled Official Offers Catalogues 
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Appendix (11) 

Cooling load final report using HAP 4.6 
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Appendix (12) 

Compound interest table 
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Appendix (13) 

Hourly data report for Nablus city 
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من حيث استهلاك الطاقة ومن   Chiller Air to Waterونظام  VRFمقارنة بين نظام 
  مبنى طفولة جامعة النجاح: الناحية الاقتصادية في أنظمة تكييف الهواء، دراسة حالة

  إعداد
 أمير محمد طاهر خليل

 إشراف

 عماد بريك. د

  عبد الرحيم أبو صفا. د

  الملخص 

استهلاك الطاقة في الضفة الغربيـة   نسبة تحتل انظمة التكييف  والتبريد مراتب عليا في

لذلك ترشيد ، في الوقت الذي تعاني منه الضفة الغربية من شح و غلاء لموارد الطاقة والكهرباء

  .فيها الاستهلاك في الطاقة اصبح ضرورة ملحة

الاول هو نظـام الجريـان   ، في هذا البحث تم مناقشة ودراسة نظامين للتكييف والتبريد

نظـام  الالنظام الثاني هو نظام التكييف المركزي التشيلر وذلك بهدف الخروج بالمتغيير للمبرد و

هذه المناقشة طبقت على مبنى مركز طفولة النجاح المكون . للمال ارتوفيللطاقة و  اريوفالاكثر ت

وكان  من اربع طابق وحسبت الاحمال الحرارية في المبنى باستخدام برنامج التصميم الحراري

 .طن 60لحراري في المبنى مجمل  الحمل ا

تخلل هذه الدراسة تحليل وتصميم للنظامين من ناحية ميكانيكيـة وحراريـة للوحـدات    

. الخارجية والداخلية وحساباتها  وايضا شبكات الانابيب  والصاج الداخلي والمضخات وحساباتها

لاسعار الرسـمية  بعد ذلك تم طلب الاسعار الرسمية من الشركات المحلية ليتم بعد ذلك مقارنة ا

بحيث ان القيمة الاقل سالبية للنظامين تدل على ان هذا النظام ، باستخدام قاعدة ال القيمة الحالية

 -وكانت القيمة الحالية لنظام التدفق المتغير للمبـرد  ، افضل من ناحية اقتصادية و موفر للطاقة

وحسب قاعـدة القيمـة   ، $ 182,654.0-والقيمة الحالية لنظام التشيلر المركزي  $ 158,204

الحالية فالقيمة الاقل سالبية تعبر عن النظام المناسب والاقل كلفة و الاكثر توفيرا للطاقة وهـو  

  .نظام الجريان المتغير للمبرد


