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ABSTRACT 

The air conditioning regarded as one of the 

modern equipment to increase the production 

and not a mean of luxury, but the drawback for 

this system is it’s high energy consumption . 

therefore most trends focused to use new 

different technologies in Air Conditioning  

which it is District Conditioning . because it 

consume less energy and reduce economical 

expenditures for maintenance and operation. 

The Distract Conditioning systems can be 

divided into : Central plant, Water network and 

Cooling equipment inside building: which 

regulate the amount of cooling needed It were 

designed by using engineering program which 

depended on representation of a given lengths 

and diameters and required flow for each 

building to establish the required cooling .From 

the hydraulic study it had been found that there 

is some problems concerning water flow rate 

speed inside pipes moreover , rising of pressure 

beyond upper limit of the allowed values of 

pressure. According to that modifications in 

network design were done to avoid this 

obstacles. While from the economical aspect an 

economical study performed and comparison 

were done among distract conditioning systems 

and central conditioning units  from side and 

coolers work by natural gas and others work by 

electricity power from the other side. From this 

economical  study we discovered that district  

conditioning  system operating on natural gas 

better economically from the one that operating 

on electricity power whereas  the central 

conditioning system came in the bottom of list 

if it compared with district conditioning system 

. this study found that application of this 

technology will increase when there is high 

thermal loads for area unit and that occur in 

high buildings. 

 

1.INTRODUCTION 

The DHC is modern technique,  huge systems used 

to distribute thermal energy from a central source to 

residential, commercial, and/or industrial consumers 

to be used in space heating, cooling, water heating, 

water cooling, and / or process heating. 

The pipes  will transmit the chilled water produce 

from plant to the building these pipes buried in 

ground and connected to the air handling unit or fan 

coil these units will allow the water to chill the air 

passed through. So, local chillers inside buildings 

will be phased out .The water  used in this system 

will be in closed circulation returned to the central 

plant to be chilled and re-circulated through the 

closed-loop piping system after use. That means one 

off-site cooling plant meets the energy demand of 

several buildings. This cooling system is 

more flexible and also supply cold air  efficiently  

under all load conditions than traditional chillers. 

 

 
2.LITERRATURE REVIEW 

 

M. Hinnells, (2008),stated that combined heat and 

power (CHP) has huge potential to deliver energy 

savings and emissions reductions, and in many 

cases cost reductions too. But the goods and the 

regulatory framework is the key to install facilities 

and widespread, The government has a wretched 

record in providing an appropriate form Technology 

is central to the future competitiveness and 

therefore absorption of CHP. It could lead to more 

efficient CHP electricity generation, permit the use 

of lower-carbon, renewable fuels, and enable the 

development of new products for new end uses, 

including micro-CHP and CHP in heat networks.  

The market for CHP has been difficult in the past 

few years, largely as a result of government market 

reforms. The UK’s level of CHP skills, for 
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installing current technologies and developing new 

ones, is low. The key matter is the creation of the 

right market framework to deliver CHP, and part of 

this is support for the energy services approach. 

 

3.HYDRAULIC ANALYSIS OF DISTRIBUTION 

SYSTEM 

   Hydraulic analysis for distribution network is 

important ,because it represents large portion of the 

capital investment of the projects. Through this 

chapter hydraulic analysis for the case study are 

represented which will be used in evaluating the 

performance of the district cooling system in Egypt. 

The hydraulic analysis is performed with the aid of 

software codes, through which the points of defects 

on the networks are observed and suggested 

corrections are stated. 

4.Objectives of The Study: 

   The main objectives of the present hydraulic 

analysis may be summarized on the following 

points; 

1- Applying scientific methodology in studying the 

distribution networks hydraulically in order to 

locate the points of defects that may decrease the 

efficiency of chilled water distribution. 

2- Check if traditional hydraulic analysis methods, 

(i.e. methods used when designing distribution 

networks for individual buildings central units), are 

suitable when dealing with district systems 

distribution networks or not. 

The hydraulic study was performed through 

studying the variations of three main parameters, 

which are: 

1- The maximum velocity values through the 

distribution lines. 

2- The minimum velocity values through the 

distribution lines. 

3- The pressure drop occurs through the 

distribution lines. 

These parameters are not the only affecting 

parameters on the performance of networks, but 

they are the most effective. 

5.HYDRAULIC ANALYSIS RESULTS AND 

DISCUSSION 

    Checking the hydraulic model if it match the 

standard specifications (ASHRAE HANDBOOK, 

2005) or not. the standard specifications like 

velocity inside pipes and the required pressure at 

demand junctions. After running analysis for the 

hydraulic model and check results. It is found the 

following deviation from the standard specifications 

for some pipes (high or low velocity) and some 

junctions. Figs (1.1 and 1.2) are the representation 

of the hydraulic analysis of the distribution network 

for chilled water supply. 

 

 
 

Figure.(1.1) Analysis of velocity distribution for 

peak load. 

 

 

Figure. (1.2) Analysis of pressure loss at peak load 

 

6.ECONOMICAL STUDY 
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6.1The Study Models 

   These are the  three systems which we intending 

to compare by: 

1-Central units applied to each building separately, 

and referred to it as, Individual Building Central 

Units (IBCU). 

2-Applying district technology but with traditional 

chillers which uses electricity, and referred to it as, 

Electricity Driven District Systems (EDDS). 

3-Applying district technology but using absorption 

chillers, the available type of fuel in Egypt is the 

natural gas. So natural gas chillers were used in the 

study and referred to it as, Absorption Driven 

District Systems (ADDS). 

 

6.2 The study parameters: 
 We will do the comparison concentration on three 

variant parameters among three systems: 

A-The projects life time. 

B-The interest rate. 

C-The yearly working hours. 

 

In The projects life time we will hypothesize three 

different life  15,20,and 25 years and the effect of 

the project’s life time on the economical benefits of 

it was identified through the results. 

For The interest rate There are two different values 

of the interest rate 10%,15% , these values are 

found in the Egyptian markets, but it is not valid 

and can't be used in other countries.  

The yearly working hours. There is three different 

values were used, 1800, 3000, and 5400 hr. 

according to the assumptive life time of 

performance hours. Unfortunately there is a wide 

range variation in annual working hours reflecting 

its consequences on economical benefits. 

6.3The Mathematical Model for the 

Economical Study 
 Following are the equations used for pricing the 

produced tonnages from central and district plants.  

When designing any air conditioning system a 

diversity factor is applied for the calculated cooling 

load through the following equation; 

Effective cooling load = Calculated cooling load   

Diversity factor.                                                  (1) 

 

When calculating the chilled water flow rate for any 

chiller in gallon per minute (GPM), heat balance is 

applied. According to the variations on temperature 

difference values, some variation on the flow rate 

would be observed. The following equation is used 

for calculating the chilled water flow rate at any 

temperature difference. 

  

 
Tcv

ChillerTON
ChillerGPM






/
/                          (2)     

    

Where 

= GPM/Chiller Chilled water rate per chiller 

= TON/Chiller Tonnage per chiller 

ρ  = Water density Kg/m
3 

C
v   = Specific heat KJ/kg K 

ΔT = Temperature difference between supply 

and return water  

As equation 5.2, the cooling tower water flow 

rate in gallon per minute (GPM) could be estimated 

from the following equation; 

                

 
Tcv

ChillerTON
erCoolingtowGPM






/
/              (3) 

(GPM)  

  

Where 

GPM/Cooling tower =Cooling tower cooling water 

rate 

Any project has two basic types of costs, initial 

costs and running costs. 

 

1- Initial cost;   

Initial cost = Price of (chillers + cooling towers + 

expansion tanks + chilled water pumps + chilled 

water pumps hookup + cooling water pumps + 

cooling tower pumps hook up)                                          

(EGP)                                                       (4)                                    

2- Running costs  
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   Which are represented on the costs of energy, 

operation, maintenance, and spare parts. The 

following equations are used for calculating the 

running costs. For chillers electrically driven, the 

following equation is used for calculating the 

electricity consumption rate, 

Electricity consumption rate = (TON/chiller)   

(Consumption rate/Ton)  (Kwh)                               

                                              (5)      

   

Important note; 

On the previous equation, the consumption rate/ton 

for the type of chillers used on this study is taken as 

0.6 Kwh/ton. 

The following equation is used for calculating 

the energy costs; 

Energy cost = Electricity consumption   

(EGP/Kwh electricity)      (EGP)                               

                                                                                    

(6) 

In this thesis the Kwh price is taken from the 

electronic website of the Egyptian electricity 

company, (www.egelec.com). 

For natural gas driven chillers the following 

equation is used for calculating the consumption 

rate of natural gas; 

Natural gas consumption rate = (TON/chiller)   

(Consumption rate/Ton)(m
3
/h)                                   

                                                               (7)   

 

The following equation is used for calculating the 

energy costs; 

Energy cost = Natural gas consumption rate   

(EGP/ m
3
 of natural gas) (EGP)                                 

                                                                  (8) 

 

In this thesis the natural gas price is found on the 

website of the Egyptian company for natural gases. 

For individual building central units the following 

equation is used for calculating the operation, 

maintenance and spare parts costs; 

Operation + maintenance + spare parts cost = 

(TON/chiller)   0.1   (EGP)                             (9) 

 

For district systems the following equation is used 

for calculating the operation, maintenance, and 

spare parts costs; 

Operation + maintenance + spare parts cost = 

(TON/chiller)   0.01   (EGP)                                    

                                                                (10) 

 

Important note: 

Equations (5.9 and 10) are empirical equations used 

in Egypt and they are verified manually.  

It is clear that the operation, maintenance, and 

spare parts costs for district systems are very small 

when compared to individual building central units; 

this is because of the reduction on the number of 

workers and machines. 

Then the total running costs is calculated from the 

following equation 

Running cost = (Energy cost per chillers) + (Energy 

cost per chilled water pumps) + (Energy cost per 

cooling tower pumps) + Operation + maintenance + 

spare parts cost      (EGP)                                           

                                                                                    

                               (11) 

Finally, and for the purpose of comparison, an 

annual equivalent for the total costs is calculated 

from the following equation; 

Annual equivalent for total cost (A) (without 

inflation) =  

Running cost + initial cost    
   

  nii

ni





1

11
 (EGP) 

(H.M.Shafey,2000)                                                    

                                                         (12) 

 

Where 

i =interest rate (%) 

n = life time  

The average tonnage price is calculated from the 

following equation; 

  

Tonnage price =

yearper  hours  workingofnumber    tonnagetotal

(A)cost  for total equivalent Annual


   

(EGP)                                                                         

                                           (13)  

 

All of the previous calculation are on the basis of 

that the inflation is considered zero, but when 
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considering an inflation rate of 10% the previous 

equations will vary as follows; 

The annual payments will not remain constant as 

the value of money decrease because of the inflation 

so we will assume that the annual costs will be 

varying according to the following equation; 

An =A (n-1)   f           (H. M. Shafey, 2000)               

                                                                                    

                                                          (14) 

                             

Where 

f  = Inflation rate (%) 

For the purpose of comparison an average value 

must be calculated as follows 

Aavg =  
n

An
                                                   (15)                                      

    

For calculating the initial cost equivalence taking 

the inflation rate into consideration anew interest 

rate must be calculated through the following 

equation; 

if = i + f + (i f)                          (H. M. Shafey, 

2000)                                                             (16)                                                                            

Where 

 if = Total equivalence for i and f (%)  

Then the new annual equivalent after considering 

inflation would be calculated from the following 

equation; 

 Annual equivalent for initial cost (Ap) (with 

inflation) =  

Initial cost 
   

  n

n





if1if

11if
       (H. M. Shafey, 

2000)                                                           (17)                                                                                 

             

Now the total average annual cost will be,                                                     

AT =Aavg+ Ap        (EGP)                              (18)                                  

 

The tables and figures below will show the results 

of calculations of previously mentioned variant 

parameters equations and calculate the percentage 

saving on tonnage price after using of district 

technology applied. 

6.4The case study without considering  

inflation: 
Tables (1 ...and 6) represent the effect of the 

previous three parameters on the tonnage price, 

without considering inflation. 

   Table (1), Tonnage price comparisons for 

different life times, 1800 working hours yearly and 

10% interest rate, without considering inflation. 

life 
time 

Tonnage price (EGP) %Saving %Saving 

IBCU EDDS ADDS 
(IBCU-
EDDS) 

(IBCU-
ADDS) 

15 1.425108 1.326466 .882063 9.8642 36.6107 

20 1.357885 1.33969 1.220712 1.8195 13.7173 

25 1.327379 1.309207 0.882063 1.8172 44.5316 

Table (2), Tonnage price comparisons for 

different life times, 1800 working hours yearly 

and 15% interest rate, without considering 

inflation. 

 

 

life 

time 

Tonnage price (EGP) %Saving  

(IBCU-

EDDS) 

%Saving  

(IBCU-

ADDS) 
IBCU EDDS ADDS 

15 0.804 0.896 0.918 -11.437 -14.211 

20 0.770 0.853 0.875 -10.710 -13.619 

25 0.755 0.833 0.855 -10.360 -13.333 
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Figure. (3), Tonnage price comparisons for different 

life times, 1800 working hours yearly, 10%, and 

15% interest rate, without considering inflation. 

 

Table (3), Tonnage price comparisons for different 

life times, 3000 working hours yearly and 10% 

interest rate, without considering inflation. 

 

life 
time 

Tonnage price (EGP) %Saving %Saving 

IBCU EDDS ADDS 
(IBCU-
EDDS) 

(IBCU-
ADDS) 

15 1.015685 0.795257 0.887877 22.0428 12.7808 

20 0.975332 0.904562 0.838471 7.077 13.6861 

25 0.957049 0.886272 0.300684 7.0777 65.6365 

Table (4), Tonnage price comparisons for different 

life times, 3000working hours yearly and 15% 

interest rate, without considering inflation. 

 

life time 

Tonnage price (EGP) %Saving %Saving 

IBCU EDDS ADDS 
(IBCU-
EDDS) 

(IBCU-
ADDS) 

15 0.873653 0.653332 0.887877 22.0321 -1.4224 

20 0.823458 0.752783 0.686692 7.0675 13.6766 

25 0.79715 0.726495 0.290444 7.0655 50.6706 

 

 
Figure. (4), Tonnage price comparisons for different 

life times, 3000 working hours yearly, 10% ,and 

15% interest rate, without considering inflation. 

Table (5), Tonnage price comparisons for different 

life times, 5400 working hours yearly and 10% 

interest rate, without considering inflation.  

life 

time 

Tonnage price (EGP) %Saving %Saving 

IBCU EDDS ADDS 

(IBCU-

EDDS) 

(IBCU-

ADDS) 

15 0.742738 0.636867 0.597141 10.5871 14.5597 

20 0.72033 0.614476 0.605736 10.5854 11.4594 

25 0.710162 0.604315 0.573482 10.5847 13.668 

 Table (6), Tonnage price comparisons for 

different life times, 5400 working hours yearly and 

15% interest rate, without considering inflation. 

 life 

time 

Tonnage price (EGP) %Saving %Saving 

IBCU EDDS ADDS 

(IBCU-

EDDS) 

(IBCU-

ADDS) 

15 0.66383 0.558019 0.518294 10.5811 14.5536 

20 0.635945 0.530155 0.526816 10.579 10.9129 

25 0.621329 0.51555 0.48717 10.5779 13.4159 

 

 
Figure. (5), Tonnage price comparisons for different 

life times,5400 working hours yearly, 10%, and 

15% interest rate, without considering inflation. 

 
6.5The Case Study Considering Inflation 

   Tables (7...and 12) represent the effect of the 

previous three parameters on the tonnage price, 

taking into consideration an inflation rate of 10%. 
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Table (7), Tonnage price comparisons for different 

life times, 1800 working hours yearly and 10% 

interest rate.  

 

life time 

Tonnage price (EGP) %Saving %Saving  

IBCU EDDS ADDS 

(IBCU-

EDDS) (IBCU-ADDS) 

 

15 2.18305 2.127302 2.0076852 5.5748 17.53648 

20 2.434106 2.37941 2.217488 5.4696 21.6618 

25 2.845276 2.789588 2.7895882 5.5688 5.568778 

 

 

Table (8), Tonnage price comparisons for different 

life times, 1800 working hours yearly and 15% 

interest rate. 

life 
time 

Tonnage price (EGP) %Saving %Saving 

IBCU EDDS ADDS 
(IBCU-
EDDS) 

(IBCU-
ADDS) 

15 2.483434 2.4157983 2.296182 6.76357 18.7252 

20 2.748723 2.6813751 2.519654 6.73479 22.9069 

25 3.167547 3.099106 3.099106 6.8441 6.844102 

 

 
 Figure. (6), Tonnage price comparisons for 

different life times,1800 working hours yearly, 

10%, and 15% interest rate, with considering 

inflation 
 

Table (9),Tonnage price comparisons for different 

life times, 3000working hours yearly and 10% 

interest rate. 

 

life 

time 

Tonnage price (EGP) %Saving %Saving 

IBCU EDDS ADDS 

(IBCU-

EDDS) 

(IBCU-

ADDS) 

15 1.649762 1.5421854 1.4955019 10.75766 15.42604 

20 2.398656 1.7870121 2.4553576 61.16439 -5.6702 

25 2.3384913 2.1675267 2.0808255 17.09646 25.76658 

Table (10), Tonnage price comparisons for different 

life times, 3000working hours yearly and 15% 

interest rate.  

 

 

life 

time 

Tonnage price (EGP) %Saving %Saving 

IBCU EDDS ADDS 

(IBCU-

EDDS) (IBCU-ADDS) 

15 1.8299926 1.7152833 1.6685998 11.47093 16.13928 

20 2.5874257 1.9683413 2.6366573 61.90844 -4.92316 

25 2.5318542 2.3532676 2.2665664 17.85866 26.52878 

 

 

 

 

 
 

 

Figure. (7), Tonnage price comparisons for different 

life times,3000 working hours yearly, 10%, and 

15% interest rate, with considering inflation. 
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 Table (11), Tonnage price comparisons for 

different life times, 5400 working hours yearly and 

10% interest rate. 

 
 

life 
time 

Tonnage price (EGP) %Saving %Saving 

IBCU EDDS ADDS 
(IBCU-
EDDS) 

(IBCU-
ADDS) 

15 1.7259629 1.1521773 1.1297224 57.37856 59.62405 

20 1.0666947 1.3920804 1.3617216 -32.5386 -29.5027 

25 2.0006362 1.7526871 2.7612484 24.79491 -76.0612 

 

 
 

Table (12), Tonnage price comparisons for different 

life times, 5400 working hours yearly and 15% 

interest rate. 

life 

time 

Tonnage price (EGP) %Saving %Saving 

IBCU EDDS ADDS 

(IBCU-

EDDS) 

(IBCU-

ADDS) 

15 1.9455993 1.2483584 1.2259036 69.72409 71.96957 

20 1.171567 1.4928188 1.4624545 -32.1252 -29.0887 

25 2.10806 1.8558765 2.8644378 25.21835 -75.6378 

 
 

Figure. (8), Tonnage price comparisons for different 

life times,5400 working hours yearly, 10%, and 

15% interest rate, with considering inflation. 

 

7.Discussion of the economical study result 
  

   From the calculation of the economical study we 

conclude when we calculate number of performance 

hours which it is (1800,3000,5400) . the calculation 

in 5400 working hours is inaccurate because 

practically this life time of working hours is not 

applicable under Egyptian weather and 

circumstances, so this life time is for compassion 

only. From study analysis for  district cooling 

system we notice that the  maximum load will be 

between 8 am-5pm after this duration the load 

significantly decline and the fact behind that is 

decrease the number of consumers and decrease 

their energy consumption. 

From the tables previously mentioned we will 

conclude that: 

1-when the life time of the project increase the 

tonnage price decreases considering the tonnage 

price without inflation but when there is inflation 

the process will be in contrary because the life time 

increase so the effect of inflation increase too, and 

that will increase the value of cost. 

2-when the working hours increase the tonnage 

price decrease but it is not dependent on the 

inflation because the effect of the inflation will 

appears only with the time. 

3-when the interest rate increase the tonnage price 

increase without inflation  because the interest rate 

represent the time value of the money and this value 

will increase money draw back with increase the 

time consequently increasing the tonnage price. 

And with the inflation the tonnage price increase 

with increase the interest rate.       

  

8. CONCLUSION 
 

   In summary, district cooling is very important in 

conditioning system because it is reduce the 

pollution, and reduce the noise, and needed the 

small space in any building. 

 Hydraulic and economic evaluation of district 

cooling technology has been investigated through 

this work. The aim of this investigation is to verify 

the importance of applying these new air 

conditioning techniques, instead of the nowadays 

used techniques. These systems are found to be an 

important method through which energy saving 

could be implemented. 

In this thesis, we concentrated on the performance 

distribution system in the district cooling and the 
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simulation program evaluated to the velocity and 

pressure loss to insure the optimum design.  

8.1Hydraulic Study Conclusion: 
 

1- Building Design Format, whether individually or 

collectively to the central air conditioning units 

cannot be implemented in district system. 

2- because large capital investment, must take 

precision design, because any mistake leads to 

increased costs and thus lead to malfunction or stop 

in the same project. 

 

8.2Economic Study Conclusions 
 

1- As the load density Growing the percentage 

saving on tonnage price becomes significant, This 

appears on the previous results. 

2-Indirect contact systems are much expensive on 

initial cost than direct contact systems but they are 

more efficient on performance because they helps 

on reducing the possibility of leakage of dummy 

water used with the plant on the buildings networks. 

3-Using absorption chillers is superior to than Using 

electric chillers from two points of view; 

The standpoint of energy savings, as they can 

benefit directly from the fuel energy rather than 

what happen on the traditional cases when 

electricity driven chillers used, as they use 

generated electricity from low efficiency power 

plants where there are too much energy lost through 

these power plants. 

4-Applying diversity factor on district cooling loads 

help in saving initial and running cost. 
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