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:قال االله سبحانه وتعالى     

 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 

 

 بسم االله الرحمن الرحيم

اوات والأَرضِ مثَلُ نورِه :َبحانه وتعالى   قال االله س اللَّه نور السم(    

اة فيها مصباح الْمصباح في زجاجة الزجاجةُ كَأَنها كَوكَـب دري  كَمشكَ

 لَم لَويءُ وضا يهتيز كَادي ةبِيلا غَرو ةيقرلّا ش ةونتيز كَةاربم ةرجن شم وقَدي

ه لنورِه من يشاء ويضرِب اللَّه الأَمثَـالَ  تمسسه نار نور علَى نورٍ يهدي اللَّ

 يملءٍ عيبِكُلِّ ش اللَّهاسِ ولنل(  

 من سورة النور 35الاية                                               
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ABSTRACT  
 

   The increasing demand for energy now a day makes the need for saving 

energy one of the top priorities in industry.  The district cooling 

system is a good concept competitive in increasing energy efficiency, 

reducing maintenance, increasing system reliability, and 

environmental friendly. District cooling system provides this by use 

energy which is currently wasted in industry and nature.The objective 

of this project is to evaluate the feasibility of a cogeneration system 

that utilizes the waste energy of the hot gases of a generation unit, 

such as a gas turbine or diesel engine, to produce electricity and 

chilled water for Industrial Yarmouk complex, Factory A-30. To 

satisfy the aim of the research the below procedure would be 

followed:                                                                                               

 Estimate the thermal load of air conditioning 

 Estimate the electrical load for equipments, lighting, etc  

 Determination of the appropriate generation unit for the system  

 Select suitable chillers for the required cooling capacity 

 Conduct an economic analysis of the project 

The final results of a techno-economic feasibility study of a  

cogeneration system for Industrial Yarmouk Complex that carried out for 

Factory A-30 will meet it requirements for both electricity and air-

conditioning. But mechanical system is fairly due to technical and 

installation consideration. 
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  الملخص
  

  

جعل الحاجة الى توفیر الطاقة واحدة  فى الوقت الحاضرالطلب المتزاید على الطاقة   ان         

من المفاھیم الجیدة ھو  ان نظام تبرید المناطق الصناعیة. من أھم الأولویات في مجال الصناعة

وزیادة موثوقیة من أعمال الصیانة ،  التقلیلعلى المنافسة في زیادة كفاءة الطاقة ، و القادرة

إن ھذا النوع من أنظمة التبرید یؤدى الى توفیر الطاقة . ولیس لھ اضرار بیئیةالنظام ، 

 .الطبیعة والمحطات الحراریة باستمرار بالاستفادة من الطاقات المبددة في المناطق الصناعیة ،

 تفادة منوالاسالھدف من ھذا المشروع ھو تقییم جدوى نظام التولید المشترك للطاقة  إن

و محركات الدیزل ، أ یةتوربینات الغازالتولید ، مثل الحدة لولغازات الساخنة ل الناتجة النفایات

لتلبیة و .30 - أ مصنع متمثلا في ال ىلانتاج الكھرباء والمیاه المبردة لمجمع الیرموك الصناع

  : سوف نتبع الإجراءات أدناهالبحث  ھذاھدف 

  

  اري لتكییف الھواءالحر الحملتقدیر •          

  تقدیر الحمولة الكھربائیة للمعدات ، والإضاءة ، الخ•          

  لنظاملمناسبة التحدید وحدة تولید •          

  د المبردات المناسبة لقدرة التبرید المطلوبةیحدت•          

  للمشروع اقتصاديإجراء تحلیل •          

  

ونظام تبرید  جدوى الفنیة والاقتصادیة لنظام التولید المشتركالنتائج النھائیة لدراسة ال         

تطلبات كل من بم سوف توفى 30 -ا التي نفذت للمصنع ىمجمع الیرموك الصناعالمنطقة ل

او التقلیدى ھو الانسب للاعتبارات  المیكانیكي التبرید ولكن نظام. الكھرباء وتكییف الھواء

 .الفنیة والتركیبیة
            
            
            
            

       
 
 
 
 
 
 



 VI

TABLE OF CONTENT 

TITLE                                                                                Page No 

Quanic verse                                                                           

Acknowledgements    

Dedication 

Abstract  

Abstract in Arabic 

Table of content  

List of figures 

List of tables 

List of abbreviation 

I 

II 

III 

IV 

V 

VI 

X 

XII 

XIII 

CHAPTER ONE: INTRODUCT 

1.1 General 

1.2 Cogeneration 

1.3 District Cooling 

1.4 Case Study 

1.5 The Research Scope Thesis  

1 

2 

3 

5 

5 

CHAPTER TWO:  THE CONCEPT OF COGENERATION 

2.1  Introduction 

2.2 Technological Advances in Cogeneration  

2.3 Principles of Cogeneration 

2.3.1 From Self Electricity Generation to Cogeneration 

2.3.2 Technical Option of Cogeneration 

2.3.3 Steam Turbine of Cogeneration 

2.3.4 Gas Turbine Cogeneration System 

2.3.5 Reciprocating Engine Cogeneration System 

2.3.6 Classification of Cogeneration 

 

6 

8 

8 

10 

11 

12 

13 

14 

15 

 



 VII

2.3.6.1  Base Electrical Load Matching 

2.3.6.2  Base Thermal Load Matching 

2.3.6.3  Electrical Load Matching 

2.3.6.4 Thermal Load Matching 

2.4 Important Technical Parameters for Cogeneration 

2.4.1 Heat-to-Power Ratio 

2.4.2 Quality of Thermal Energy Needed 

2.4.3 Load Patterns 

2.4.4 Fuels Available 

2.4.5 System Reliability 

2.4.6 Grid Dependent System versus Independent System 

2.4.7 Retrofit versus New Installation 

2.4.8 Electricity Buy-back 

2.4.9 Local Environmental Regulation 

16 

17 

17 

17 

18 

18 

19 

19 

19 

20 

20 

20 

21 

21 

CHATER THREE: TRIGENERATION AND VAPOR 

ABSOPRTION CHILLER  

3.1 Trigeneration 

3.2 Working Principles of Absorption Chillers 

3.3 Reciprocating engine 

3.4 Gas Turbine 

3.5 Steam Turbine 

3.6 Equipments Selection for District Cooling 

3.6.1 Absorption Chiller System 

3.6.2 Mechanical Compression Chiller 

3.6.3 Gas Turbine                                                                         

 

22 

25 

26 

29 

33 

36 

36 

38 

39 

 



 VIII

 
 

CHAPTER FOUR: YARMOUK INDUSTRIAL COMPLEX 

4.1 Short Idea 

4.2 Yarmouk Factory A-30 

40 

40 

CHAPTER FIVE: COOLING AND ELECTRICAL LOAD 

ESTIMATION 

5.1 The Mentioned Load 

5.1.1 LATS- Load Program 

5.1.2 Thumb Rules 

5.2 Air Conditioning Load Calculations 

5.2.1 Machine Hall Load Estimation 

5.2.2 CNC Machines Hall Estimation 

5.2.3 Offices Group One 

5.2.4 Offices Group Two 

5.3 Equipments Calculations (Motor Heat Gain) 

5.3.1 Data Collected Table 

5.3.2 Heat Gain Calculated 

5.4 Yarmouk Factory A-30 Total Cooling Load 

5.5 Factory Electricity Load 

44 

44 

44 

45 

45 

47 

49 

51 

53 

53 

  53 

55 

56 

CHAPTER SIX: SELECTED EQUIPMENTS WITH 

SPECIFICATIONS 

6.1 Absorption chiller 

6.1.1 Introducing the SANYO Absorption Chiller 

6.1.2   The Absorption Cycle 

6.1.3 Double Effect Type 

6.1.4 Double Effect Steam Fired Absorption Chiller Table 

6.1.5   Absorption Chiller Technical Data 

57 

59 

61 

62 

64 

65 



 IX

6.2 Mechanical Chiller 

6.2.1 Mechanical Chiller Technical Data 

6.3 Gas Turbine Selected for the Project 

65 

67 

68  

CHAPTER SEVEN: ECONAMIC COST ANALYSIS FOR THE 

SYSTEMS 

7.1 Cogeneration and Absorption Chiller  

7.1.1 Absorption Chiller 

7.1.2 Estimating cogeneration cost  

7.1.3 Cogeneration and Absorption Chiller  

7.2 Mechanical compression chiller and electricity buying  

7.2.1Mechanical compression chiller 

7.2.2 Mechanical compression and electricity buying cost  

7.3 Economic Analysis 

70 

70 

72 

73 

73 

73 

74 

75 

CONCLUSION AND RECOMMENDATION 79 

REFERENCES  80 



 X

LIST OF FIGURES 

  

Figures Description                                      page no 

Figure (2.1): Conventional energy systems versus cogeneration system 

Figure (2.2): Schematic diagrams of steam turbine cogeneration systems 

Figure (2.3): Schematic diagram of gas turbine cogeneration 

Figure (2.4): Schematic diagram of reciprocating engine cogeneration 

Figure (2.5): Different heat and power demand patterns in two factories 

Figure (3.1): Schematic presentation of a gas turbine based trigeneration 

facility 

Figure (3.2): Schematic diagrams of power generation and cooling with 

electricity  

Figure(3.3): Schematic diagrams of power generation and absorption 

cooling  

 Figure (3.4): Comparison between vapor compression and absorption 

cycles 

Figure (3.5): Typical heat balance of a gas engine 

Figure (3.6): Power output variation of a gas turbine with the ambient    

conditions                                             

Figure (3.7): Power generation efficiency ranges of gas turbines 

Figure (3.8): Different configurations for back pressure steam turbines  

Figure (3.9): Basic Cycle of Single Effect Chiller  

Figure (3.10): Basic Cycle of Double Effect Chiller  

 Figure (3.11): Simple vapor compression system 

Figure (3.12): Gas Turbine System 

Figures (4.1, 4.2): Y.I.C.F A-30 Layout and Description  

Figure (4.3): General view for YIC 

Figure (4.4): General view for YIC Factory a-30 

9 

12 

14 

16 

19 

 

22 

 

24 

 

24 

 

25 

28 

 

31 

32 

35 

37 

37 

38 

39 

41 

42 

43 



 XI

Figure (6.1): Steam-fired chiller 

Figure (6.2): cooling cycle schematic for double effect steam fired 

absorption chiller 

Figure (6.3): Illustrate piping diagram for double effect steam fired 

absorption chiller 

Figure (6.4): Simplified absorption cycle 

Figure (6.5): Double effect absorption cycle 

Figure (6.6): Detail of generator 

Figure (6.7): Trane Company Series Model RTAC Chiller 

Figure (6.8): Model RTAC chilled water circuit 

Figure (6.9): Cogeneration system flow chart 

57 

 

58 

 

59 

62 

63 

63 

66 

67 

69 

 

 

 



 XII

LIST OF TABLES 

 

Title Page no 

Table (2.1): Heat-to-power ratios and other parameters of 

cogeneration systems 

Table (5.1): Machine hall load estimation general space data 

Table (5.2): YIC FA30 Machines Hall – Load Summary 

Table (5.3): CNC machine hall load estimation general space data 

Table (5.4): YIC FA-30 CNC Workshop– Load Summary 

Table (5.5): Offices Group 1 load estimation general space data 

Table (5.6): Offices Group 1 - load summary 

Table (5.7): Offices Group 2 load estimation general space data 

Table (5.8): Offices Group 2 - load summary 

Table (5.9): Main Motors Data Collected 

Table (5.10): Equipments Heat Gain Calculated 

Table (5.11): YIC FA30 Total Cooling Load 

Table (6.1): Double effect steam-fired absorption chillers NE model 

Table (6.2): GPD Cogeneration unit data 

Table (7.1): Cogeneration Estimated Electricity Costs $/Mwh 

Delivered 

Table (7.2): Cogeneration Capital Costs ($000) 

table (7.3): Net present Value Ratio  

18 

 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

64 

69 

 

72 

72 

77 

 

 



 XIII

ABBREVIATION 

 

CHP:     Combined Heat and Power 

CO2:     Carbon dioxide 

AC:       Air conditioning system 

DCS:     District cooling system 

I.C:        Internal combustion  

Btu:       British thermal unit   

KWh:    Kilowatt-hour 

Kcal:     Kilocalorie 

VAM:   Vapor absorption machine 

MW:     Megawatt 

LPG:     Liquefied petroleum gas 

O2:       Oxygen 

NOX:    Nitrogen oxide 

SOX:     Sulfur oxide 

CHCP:  Combined heat, cooling, and power generation 

TR :      Ton of refrigeration  

VCC:    Vapor compression chiller 

VAC:   Vapor absorption chiller 

YIC:     Yarmouk Industrial Complex 

Kg/h:   Kilogram per hour 

A-30:    Number of case study Factory 

CNC:    Computer numerical control 

HVAC: Heat ventilation and air conditioning  

Hp:       Horse power unit 

SHF:     Space sensible heat factor 

DB:       Dry Bulb for cooling coil temperature 



 XIV

WB:     Wet Bulb for cooling coil temperature 

RH:      Relative humidity for cooling coil 

Kap:     Kilopascal, pressure unit 

RTAC: Series R Trane Company Model Air-Cooled Chiller 

RTAA: Series R Trane Company Model Air-Cooled Chiller 

R-134a or HFC: Is a haloakane refrigerant with thermodynamic properties 

Similar to R-12 

COP:    AC Coffined of performance  

SDG:    Sudanese currency pound  

$:          USA currency 

€:          Europe Union currency 

CFM:    Cubic feet per minute air infiltration  

°C:        Celsius temperature 

L/s:         Liter per second  

 

 
 
 
 
 
 
 
 
 
 


